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SYSTEMS AND METHODS FOR CAPTURING, DISPLAYING, AND MANIPULATING
MEDICAL IMAGES AND VIDEOS
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 63/104,266, filed

October 22, 2020, the entire contents of which are hereby incorporated by reference herein.

FIELD
[0002] The present disclosure relates generally to medical imaging systems, and more specifically

systems and methods for capturing, displaying, and manipulating medical images and videos.

BACKGROUND
[0003] Capturing and displaying medical and surgical images is integral to many medical and
surgical procedures. According to known techniques, medical images and videos may be captured
by image sensors of one or more cameras and then displayed on computer monitors or dedicated
display screens. According to known techniques, medical images and videos may be manipulated

using a mouse, keyboard, or touch-screen controls.

SUMMARY
[0004] As explained above, according to known techniques, medical images and videos are
captured by image sensors of various cameras, displayed on computer monitors or dedicated
display screens, and manipulated using a mouse, keyboard, or touch-screen controls. However,
known techniques for capturing, displaying, and manipulating medical images and videos are
cumbersome and inconvenient for surgeons and other medical practitioners. For example, a
practitioner who wishes to capture one or more images or video frames and then display and
manipulate the image may be required to use a camera to capture the image/video, then put down
the camera and use another input device such as a mouse, keyboard, or touch-screen display to
manipulate the captured image. The requirement to use a different device to capture the image
and to manipulate the captured image introduces delay and the potential for contamination between
the various devices. Accordingly, there is a need for improved systems and methods for capturing,
displaying, and manipulating medical images and video, particularly methods and systems that
obviate the need for a practitioner to use multiple different devices to capture images/video and to

manipulate the captured images/video.
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[0005] Disclosed herein are systems, methods, and techniques for capturing, displaying, and
manipulating medical images and videos. A handheld image capture and pointing device may
include one or more image sensors configured to capture both white light video/images and
infrared video/images. (As used herein, “infrared” or “IR” may refer to infrared and/or near-
infrared (“NIR™) light.) The handheld image capture and pointing device may be aimed at a region
of tissue of a patient and the one or more image sensors may capture a series of video frames in
white light and a series of video frames in infrared light. An image from one of the captured video
frames may be displayed on a display of a display assembly, wherein the display assembly
comprises one or more infrared beacons positioned proximate to the display assembly and
configured to emit infrared light. After capturing the image with the handheld device, and while
the image is displayed on the display assembly, the operator may aim the handheld device at the
display assembly such that the infrared beacons are within the field of vision of the handheld device
and such that the infrared light emitted by the beacons is detected by one or more of the image
sensors of the device. Based on the infrared light detected by the device, a processor associated
with the system may determine a position and/or orientation of the handheld device relative to the
display assembly, and the system may cause a graphical user interface including the displayed
image to be updated in accordance with the determined position and/or orientation. For example,
the graphical user interface may be updated by annotating the displayed image, zooming the
displayed image or scaling the size of an annotation on the image, rotating the displayed image or
an annotation on the image, or the like. Thus, the user of the handheld image capture and pointing
device may be able to use a single device both to capture medical images and to manipulate the
images while they are displayed, obviating the need to frequently switch between different devices
during medical procedures.

[0006] Furthermore, known techniques for extracting information from medical video streams
require manual input and are imprecise and cumbersome. For example, an IR video stream may
have little visible information when a fluorescence agent is not present in the vasculature of the
tissue depicted, and it may therefore be difficult for a system or user to select a region of a frame
of the IR video stream on which to focus before the arrival of the fluorescence agent. Accordingly,
there is a need for improved systems for extracting information from medical video streams,
including for selecting regions of frames of medical video streams on which image analysis and/or

visualization should be performed.
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[0007] Disclosed herein are systems, methods, and techniques for using frame-synchronized
object tracking to identify regions of medical video streams for analysis and/or visualization. A
system for medical image capture, display, manipulation, annotation, and analysis may be
configured such that two (or more) video streams depicting the same target tissue may be
simultaneously captured, wherein a first one of the video streams captures the target tissue in a
first spectrum (e.g., white light) and a second one of the video streams captures the target tissue in
a second spectrum (e.g., IR). An object such as a tissue feature may be tracked in one video stream
(e.g., a white light video stream) to determine a location of the other video stream (e.g., an IR
video stream) at which image analysis should be performed or from which data should be
extracted. In this manner, a system may be configured to use frame-synchronized video channels
(e.g., video streams) to extract information out of a first channel of video (e.g., a white light video
channel) and apply that information to corresponding positions in the second channel of video
(e.g., an IR video channel).

[0008] Furthermore, known techniques for annotating and tracking tissue samples comprise
multiple manual steps and are error prone. During a medical procedure, a surgeon or other medical
practitioner may take tissue samples from various parts of the anatomy. These tissue samples may
then be sent to pathology for analysis. After the analysis reports are obtained, the surgeon then has
to correlate multiple pathology results to the tissue samples that were taken. This process is done
manually and is prone to errors. Accordingly, there is a need for improved systems and methods
for marking different regions of anatomy with labels during the procedure, saving those
annotations as part of video, and tracking pathology results associated with those regions of
anatomy.

[0009] Disclosed herein are systems, methods, and techniques for capturing medical images and
generating annotation data to be stored in association with a region of interest in the medical image
and/or in association with a tissue sample extracted from the tissue at an area indicated by the
region of interest in the image. A system may capture a medical image (e.g., a frame from a
medical video) using a handheld image capture and pointing device, display said medical image
on a display assembly, determine a location in said image displayed on said display assembly at
which the handheld device is pointed, and generate and store annotation data associated with a

region of interest defined in the image at the location at which the handheld device is pointed.



WO 2022/087623 PCT/US2021/071977

[0010] According to an aspect, a surgical image capture and display system is provided, the
surgical image capture and display system comprising: a handheld image capture and pointing
device, the handheld device comprising an image sensor configured to detect white light and
infrared light; a display assembly configured to display one or more images captured by the
handheld device; and one or more processors configured to cause the system to: capture, by the
image sensor of the handheld device, an image; display, by a display of the display assembly, a
graphical user interface comprising the image; while the graphical user interface is displayed by
the display, detect, by the image sensor, light emitted by one or more beacons of the display
assembly; determine, based on the light emitted by the one or more beacons of the display
assembly, a position or orientation of the handheld device relative to the display assembly; and
update display of the graphical user interface comprising the image in accordance with the position
or orientation of the handheld device.

[0011] Optionally, determining the position or orientation comprises determining a distance from
the display assembly to the handheld device.

[0012] Optionally, determining the position or orientation comprises determining an offset angle
of the handheld device with respect to a plane intersecting the display assembly at a right angle
along a line from the top center of the display assembly to the bottom center of the display
assembly.

[0013] Optionally, determining the position or orientation comprises determining both the position
and the orientation of the handheld device.

[0014] Optionally, determining the position or orientation comprises determining a location on the
display at which the handheld device is aimed.

[0015] Optionally, determining the orientation comprises determining a rotational orientation of
the handheld device with respect to a line along which the handheld device is aimed.

[0016] Optionally, capturing the image is performed prior to detecting the light emitted by the one
or more beacons.

[0017] Optionally, the system is configured to operate in an image capture mode in which the
image is captured and stored by the system; and the system is configured to operate in an image
manipulation mode in which the image is displayed on the display and the graphical user interface

accepts one or more inputs for manipulation of the image, wherein the one or more inputs are
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executed via the handheld device and based at least in part on the determined position or orientation
of the handheld device.

[0018] Optionally, updating the graphical user interface comprises displaying a cursor on the
graphical user interface at a location on the display at which the handheld device is determined to
be aimed.

[0019] Optionally, updating the graphical user interface comprises generating and displaying an
annotation on the displayed image at a location on the display at which the handheld device is
determined to be aimed.

[0020] Optionally, updating the graphical user interface comprises rotating an image annotation
in accordance with the orientation of the handheld device.

[0021] Optionally, updating the graphical user interface comprises modifying a zoom level at
which the image is displayed in accordance with the position or orientation of the handheld device.
[0022] Optionally, updating the graphical user interface comprises modifying a size of an image
annotation in accordance with the position or orientation of the handheld device.

[0023] Optionally, updating the graphical user interface comprises setting a font size for the
graphical user interface in accordance with the position or orientation of the handheld device.
[0024] Optionally, updating the graphical user interface comprises displaying a notification based
on an offset angle determined in accordance with the determined position or orientation of the
handheld device.

[0025] Optionally, the one or more processors are configured to cause the system to: in accordance
with the determined position or orientation of the handheld device, identify a first region of interest
of the image; and apply one or more of a tracking algorithm and an image analysis algorithm to
the first region of interest of the image.

[0026] Optionally, the image is captured by the image capture and pointing device in a first
spectrum; and the one or more processors are configured to cause the system to: capture, by the
image capture and pointing device, a second image in a second spectrum; and apply one or more
of the tracking algorithm and the image analysis algorithm to a second region of interest
corresponding to the first region of interest, wherein the second region of interest is in the second

image.
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[0027] Optionally, determining the position or orientation of the handheld device is further based
on data received from a sensor onboard the handheld device, wherein the sensor comprises one or
more of an accelerometer, a gyroscope, and a compass.

[0028] Optionally, determining the position or orientation of the handheld device is further based
on processing video frames captured by the image sensor.

[0029] Optionally, processing video frames comprises applying an optical flow algorithm to track
a direction of movement in the video frames.

[0030] Optionally, the image is captured by the image sensor as part of a time-series of video
frames.

[0031] Optionally, the image is one of a white-light image and a fluorescence image.

[0032] Optionally, detecting the light emitted by the one or more beacons of the display assembly
is performed by the image sensor of the handheld device.

[0033] Optionally, the light emitted by the one or more beacons is infrared light.

[0034] Optionally, the one or more beacons are positioned proximate to a periphery of the display
in respective fixed locations relative to the display.

[0035] According to an aspect, a computer program product including computer implementable
instructions, or a non-transitory computer-readable storage medium for surgical image capture and
display is provided, the non-transitory computer-readable storage medium storing instructions.
The instructions are configured to be executed by one or more processors of a surgical image
capture and display system comprising (a) a handheld image capture and pointing device, the
handheld device comprising an image sensor configured to detect white light and infrared light
and (b) a display assembly configured to display one or more images captured by the handheld
device, wherein executing the instructions causes the system to: capture, by the image sensor of
the handheld device, an image; display, by a display of the display assembly, a graphical user
interface comprising the image; while the graphical user interface is displayed by the display,
detect, by the image sensor, light emitted by one or more beacons of the display assembly;
determine, based on the light emitted by the one or more beacons of the display assembly, a
position or orientation of the handheld device relative to the display assembly; and update display
of the graphical user interface comprising the image in accordance with the position or orientation

of the handheld device.
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[0036] According to an aspect, a surgical image capture and display method is provided, the
method performed at a surgical image capture and display system comprising (a) a handheld image
capture and pointing device, the handheld device comprising an image sensor configured to detect
white light and infrared light, (b) a display assembly configured to display one or more images
captured by the handheld device, and (c) one or more processors, the method comprising:
capturing, by the image sensor of the handheld device, an image; displaying, by a display of the
display assembly, a graphical user interface comprising the image; while the graphical user
interface is displayed by the display, detecting, by the image sensor, light emitted by one or more
beacons of the display assembly; determining, based on the light emitted by the one or more
beacons of the display assembly, a position or orientation of the handheld device relative to the
display assembly; and updating display of the graphical user interface comprising the image in
accordance with the position or orientation of the handheld device.

[0037] According to an aspect, a medical video analysis system, comprising: an image capture
device configured to detect white light and infrared light; a display assembly configured to display
one or more images captured by the handheld device; and one or more processors configured to
cause the system to: capture a first series of video frames of target tissue in a first spectrum; capture
a second series of video frames of the target tissue in a second spectrum, wherein the second series
of video frames is captured simultaneously with capturing of the first series of video frames;
identify a first region of interest in one or more frames of the first series of video frames, the first
region of interest corresponding to a first feature of the target tissue apply a tracking algorithm to
track the first feature of the target tissue in the first series of video frames, wherein the tracking
algorithm is configured to track the first feature of the target tissue independently from tracking of
surrounding tissue; and identify a second region of interest in one or more frames of the second
series of video frames based on the tracking algorithm applied to the first series of video frames,
the second region of interest corresponding to the first feature of the target tissue.

[0038] Optionally, the one or more processors are configured to cause the system to apply an
image analysis algorithm to the second region of interest in the one or more frames of the second
series of video frames.

[0039] Optionally, the one or more processors are configured to cause the system to visualize the

second region of interest.
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[0040] Optionally: the first and second series of video frames capture a first period of time during
which a fluorescence dye is not present in the target tissue and a second period of time during
which the fluorescence dye is present in the target tissue; the tracking algorithm is applied to a first
set of frames, corresponding to both the first period of time and the second period of time, from
the first series of video frames; and the one or more frames of the second series of video frames to
which an image analysis algorithm are applied are corresponding to the second period of time.
[0041] Optionally, the one or more frames of the first series of video frames in which the first
region of interest is identified correspond to the first period of time.

[0042] Optionally, the one or more processors are configured to cause the system to: identify a
third region of interest in one or more frames of the first series of video frames, the third region of
interest corresponding to a second feature of the target tissue; apply the tracking algorithm to track
the second feature of the target tissue in the first series of video frames, wherein the tracking
algorithm is configured to track the second feature of the target tissue independently from tracking
of the surrounding tissue; and identify a fourth region of interest in one or more frames of the
second series of video frames based on the tracking algorithm applied to the first series of video
frames, the fourth region of interest corresponding to the second feature of the target tissue.
[0043] Optionally, the image capture device comprises a first image sensor configured to capture
the video frames of the first spectrum and a second image sensor configured to capture the video
frames of the second spectrum.

[0044] Optionally, the image capture device comprises a first image sensor configured to capture
the video frames of the first spectrum and the video frames of the second spectrum.

[0045] Optionally, identifying the first region of interest corresponding to the first feature of the
target tissue comprises identifying the first feature of the target tissue by image analysis of one or
more frames of the first series of video frames.

[0046] Optionally, identifying the first region of interest corresponding to the first feature of the
target tissue comprises receiving a user input specifying the first region of interest.

[0047] Optionally, receiving the user input specifying the first region of interest comprises
determining a location on a display at which the image capture device is aimed, wherein the
location on the display is displaying the first region of interest at a time at which the image capture
device is aimed at the location on the display.

[0048] Optionally, the first spectrum is a visible light spectrum.

8



WO 2022/087623 PCT/US2021/071977

[0049] Optionally, the second spectrum is a NIR infrared spectrum.

[0050] According to an aspect, a computer program product including computer implementable
instructions, or a non-transitory computer-readable storage medium for medical video analysis is
provided, the non-transitory computer-readable storage medium storing instructions. The
instructions are configured to be executed by one or more processors of a medical video analysis
system comprising an image capture device configured to detect white light and infrared light and
a display assembly configured to display one or more images captured by the handheld device,
wherein executing the instructions causes the system to: capture a first series of video frames of
target tissue in a first spectrum; capture a second series of video frames of the target tissue in a
second spectrum, wherein the second series of video frames is captured simultaneously with
capturing of the first series of video frames; identify a first region of interest in one or more frames
of the first series of video frames, the first region of interest corresponding to a first feature of the
target tissue; apply a tracking algorithm to track the first feature of the target tissue in the first
series of video frames, wherein the tracking algorithm is configured to track the first feature of the
target tissue independently from tracking of surrounding tissue; and identify a second region of
interest in one or more frames of the second series of video frames based on the tracking algorithm
applied to the first series of video frames, the second region of interest corresponding to the first
feature of the target tissue.

[0051] According to an aspect, a medical video analysis method is provided, the method
performed at a medical video analysis system comprising an image capture device configured to
detect white light and infrared light, a display assembly configured to display one or more images
captured by the handheld device, and one or more processors, the method comprising: capturing a
first series of video frames of target tissue in a first spectrum; capturing a second series of video
frames of the target tissue in a second spectrum, wherein the second series of video frames is
captured simultaneously with capturing of the first series of video frames; identifying a first region
of interest in one or more frames of the first series of video frames, the first region of interest
corresponding to a first feature of the target tissue; applying a tracking algorithm to track the first
feature of the target tissue in the first series of video frames, wherein the tracking algorithm is
configured to track the first feature of the target tissue independently from tracking of surrounding

tissue; and identifying a second region of interest in one or more frames of the second series of
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video frames based on the tracking algorithm applied to the first series of video frames, the second
region of interest corresponding to the first feature of the target tissue.

[0052] According to an aspect, an image capture and display system for tissue sample tracking,
comprising: a handheld image capture and pointing device; a display assembly configured to
display one or more images captured by the handheld device; and one or more processors
configured to cause the system to: capture, by the image capture and pointing device, an image;
display, by a display of the display assembly, the image; while the image is displayed by the
display, determine a location on the display assembly at which the handheld device is aimed,
wherein the location on the display corresponds to a region in the displayed image, wherein the
region in the displayed image comprises a target tissue area; and in response to detecting a user
input and determining the location on the display assembly, generate and store annotation data
associated with the target tissue area.

[0053] Optionally, the annotation data comprises data indicating a region of interest in the image.
[0054] Optionally, the annotation data comprises a label for the target tissue area generated based
on the user input.

[0055] Optionally, the annotation data comprises time-stamp data generated based on a time-
stamp of the image displayed on the display assembly.

[0056] Optionally, the annotation data comprises a unique identifier automatically generated by
the system.

[0057] Optionally, the annotation data is stored in association with a tissue sample taken from the
target tissue area.

[0058] Optionally, the annotation data is stored in association with pathology results data
associated with the tissue sample taken from the target tissue area.

[0059] Optionally: the image is captured by the image capture and pointing device, as part of a
first time series of video frames of the target tissue in a first spectrum; and the one or more
processors cause the system to: capture, by the image capture and pointing device, a second time
series of video frames of the target tissue in a second spectrum; and in response to detecting a user
input and in accordance with the determined location on the display assembly, identify a region of
interest in one or more frames of the second series of video frames and apply an image analysis

algorithm to the region of interest in the one or more frames of the second series of video frames.
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[0060] According to an aspect, a non-transitory computer-readable storage medium for image
capture and display for tissue sample tracking is provided, the non-transitory computer-readable
storage medium storing instructions configured to be executed by one or more processors of a
system for image capture and display for tissue sample tracking comprising a handheld image
capture and pointing device and a display assembly configured to display one or more images
captured by the handheld device, wherein executing the instructions causes the system to: capture,
by the image capture and pointing device, an image; display, by a display of the display assembly,
the image; while the image is displayed by the display, determine a location on the display
assembly at which the handheld device is aimed, wherein the location on the display corresponds
to a region in the displayed image, wherein the region in the displayed image comprises a target
tissue area; and in response to detecting a user input and determining the location on the display
assembly, generate and store annotation data associated with the target tissue area.

[0061] According to an aspect, a method for image capture and display for tissue sample tracking
is provided, the method performed at a system for image capture and display for tissue sample
tracking comprising a handheld image capture and pointing device, a display assembly configured
to display one or more images captured by the handheld device, and one or more processors, the
method comprising: capturing, by the image capture and pointing device, an image; displaying, by
a display of the display assembly, the image; while the image is displayed by the display,
determining a location on the display assembly at which the handheld device is aimed, wherein
the location on the display corresponds to a region in the displayed image, wherein the region in
the displayed image comprises a target tissue area; and in response to detecting a user input and
determining the location on the display assembly, generating and storing annotation data
associated with the target tissue area.

[0062] Examples of the methods disclosed herein can be used for non-invasive imaging of tissue
of the patient. The imaged tissue can be external tissue of the patient, such as skin. Alternatively,
the imaged tissue can be tissue underneath the skin imaged through the intact skin. Alternatively,
the imaged tissue can be pre-exposed tissue inside the patient. Some examples of the methods
disclosed herein do not encompass the step of exposing internal tissue of the patient.

[0063] It will be appreciated that any of the aspects, features and options described in view of the
system(s) apply equally to the method(s), computer program product and computer-readable

storage medium(s), and vice versa. It will also be clear that any one or more of the above aspects,
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features and options can be combined. According to an aspect, any one or more of the
characteristics of any one or more of the systems, methods, and/or computer-readable storage
mediums recited above may be combined, in whole or in part, with one another and/or with any

other features or characteristics described elsewhere herein.

BRIEF DESCRIPTION OF THE FIGURES
[0064] The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the U.S.
Patent and Trademark Office upon request and payment of the necessary fee. Features will become
apparent to those of ordinary skill in the art by describing in detail exemplary aspects with
reference to the attached drawings in which:
[0065] FIG. 1 depicts a system for medical image medical image capture, display, manipulation,
annotation, and analysis, in accordance with some aspects.
[0066] FIG. 2 depicts a view frustum of an image capture device, in accordance with some aspects.
[0067] FIGS. 3A and 3B depict configurations of a camera sensor and display of a display
assembly, in accordance with some aspects.
[0068] FIGS. 4A and 4B depict configurations of a camera sensor, in accordance with some
aspects.
[0069] FIG. 5 depicts a diagram of a view frustum of an image capture device and a calculation of
distance based thereon, in accordance with some aspects.
[0070] FIGS. 6A and 6B depicts two view frustums of an image capture device in which the image
capture device is horizontally offset from a center of the display assembly, in accordance with
some aspects.
[0071] FIGS. 7A and 7B depicts a calculation of distances from an image capture device to
beacons of a display assembly in an arrangement in which the image capture device is horizontally
offset from a center of the display assembly, in accordance with some aspects.
[0072] FIG. 8 depicts a calculation of distance, in accordance with some aspects.
[0073] FIG. 9 depicts a calculation of midpoint distance, in accordance with some aspects.
[0074] FIG. 10 depicts a method for capturing a medical image and displaying a graphical user

interface comprising the captured image, in accordance with some aspects.
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[0075] FIGS. 11A and 11B depict annotated medical images in white light and infrared light,
respectively, in accordance with some aspects.

[0076] FIG. 12 depicts a method of capturing medical video and identifying regions of interest
therein, in accordance with some aspects.

[0077] FIG. 13 depicts a method of capturing medical images and annotating said medical images
using a handheld medical image capture and pointing device, in accordance with some aspects.

[0078] FIG. 14 depicts a computer, in accordance with some aspects.

DETAILED DESCRIPTION

[0079] Reference will now be made in detail to implementations and aspects of various aspects
and variations of systems and methods described herein. Although several exemplary variations
of the systems and methods are described herein, other variations of the systems and methods may
include aspects of the systems and methods described herein combined in any suitable manner
having combinations of all or some of the aspects described.

[0080] As explained in detail below, this disclosure sets forth systems, methods, and techniques for
medical image/video capture, medical image display, medical image control and manipulation,
medical image/video annotation, and/or feature tracking in medical images/videos.

[0081] As explained below, the techniques set out herein may enable capturing, displaying, and
manipulating medical images and videos. A handheld image capture and pointing device may
include one or more image sensors configured to capture both white light video/images and
infrared video/images. (As used herein, “infrared” or “IR” may refer to infrared and/or near-
infrared (“NIR™) light.) The handheld image capture and pointing device may be aimed at a region
of tissue of a patient and the one or more image sensors may capture a series of video frames in
white light and a series of video frames in infrared light. An image from one of the captured video
frames may be displayed on a display of a display assembly, wherein the display assembly
comprises one or more infrared beacons positioned proximate to the display assembly and
configured to emit infrared light. After capturing the image with the handheld device, and while
the image is displayed on the display assembly, the operator may aim the handheld device at the
display assembly such that the infrared beacons are within the field of vision of the handheld device
and such that the infrared light emitted by the beacons is detected by one or more of the image

sensors of the device. Based on the infrared light detected by the device, a processor associated
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with the system may determine a position and/or orientation of the handheld device relative to the
display assembly, and the system may cause a graphical user interface including the displayed
image to be updated in accordance with the determined position and/or orientation. For example,
the graphical user interface may be updated by annotating the displayed image, zooming the
displayed image or scaling the size of an annotation on the image, rotating the displayed image or
an annotation on the image, or the like. Thus, the user of the handheld image capture and pointing
device may be able to use a single device both to capture medical images and to manipulate the
images while they are displayed, obviating the need to frequently switch between different devices
during medical procedures.

[0082] As also explained below, the techniques set out herein may enable using frame-
synchronized object tracking to identify regions of medical video streams for analysis and/or
visualization. A system for medical image capture, display, manipulation, annotation, and analysis
may be configured such that two (or more) video streams depicting the same target tissue may be
simultaneously captured, wherein a first one of the video streams captures the target tissue in a
first spectrum (e.g., white light) and a second one of the video streams captures the target tissue in
a second spectrum (e.g., IR). An object such as a tissue feature may be tracked in one video stream
(e.g., a white light video stream) to determine a region of the other video stream (e.g., an IR video
stream) at which image analysis should be performed or from which data should be extracted. In
this manner, a system may be configured to use frame-synchronized video channels (e.g., video
streams) to extract information out of a first channel of video (e.g., a white light video channel)
and apply that information to corresponding positions in the second channel of video (e.g., an IR
video channel).

[0083] As also explained below, the techniques set out herein may enable capturing medical
images and generating annotation data to be stored in association with a region of interest in the
medical image and/or in association with a tissue sample extracted from the tissue at an area
indicated by the region of interest in the image. A system may capture a medical image (e.g., a
frame from a medical video) using a handheld image capture and pointing device, display said
medical image on a display assembly, determine a location in said image displayed on said display
assembly at which the handheld device is pointed, and generate and store annotation data
associated with a region of interest defined in the image at the location at which the handheld

device is pointed.
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[0084] While the disclosure herein is set forth using examples regarding capturing, displaying,
manipulating, annotating, and analyzing medical images and videos, a person of ordinary skill in
the art would recognize that the disclosure herein may be similarly applied to other fields of
endeavor to capture, display, manipulate, annotate, and analyze images and videos that are not
medical images or medical videos.

[0085] Below, FIG. 1 and the accompanying description describe an exemplary system for
medical image capture, display, manipulation, annotation, and analysis; FIGS. 2-11 and the
accompanying description describe exemplary techniques for capturing a medical image using a
handheld device and controlling a graphical user interface comprising the captured image based
on a determined position and/or determined orientation of the handheld device with respect to a
display assembly on which the graphical user interface is displayed; FIG. 12 and the accompanying
description describe exemplary techniques for simultaneously capturing multiple medical image
video streams in multiple different spectra and identifying a region of interest in frames of one of
the video streams based on a tracking algorithm applied to the other video stream; FIG. 13 and the
accompanying description describes techniques for capturing a medical image using a handheld
device and generating annotation data in the image based on a determined position and/or
determined orientation of the handheld device with respect to a display assembly on which the
captured image is displayed; and FIG. 14 depicts an exemplary computer that may be used to

execute all or part of any one or more of the techniques described herein.

Exemplary System

[0086] FIG. 1 depicts a system 100 for medical image capture, display, manipulation, annotation,
and analysis, in accordance with an example. As shown, system 100 may include image capture
device 102, image processing and display engine 106, and display assembly 104. Each of these
components may be communicatively coupled with one or more of the other components such that
they may send and receive electronic information via network communication amongst one
another. For example, as shown by the dotted lines in FIG. 1, engine 106 may be communicatively
coupled with each of image capture device 102 and display assembly 104.

[0087] In this example, image capture device 102 may be any device comprising one or more
image sensors and configured to capture one or more medical images and/or videos. The image

capture device 102 may comprise multiple image sensors each configured to capture images/video
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in different spectra, for example a white light image sensor and an infrared image sensor disposed
proximate to one another and oriented in essentially the same direction so as to be able to
simultaneously capture images/video in different spectra of the same tissue area. Image capture
device 102 may comprise a single image sensor configured to detect light across a plurality of
different spectra, and one or more processors associated with image capture device 102 may be
configured to process signals from the single image sensor to generate captured images and/or
video in multiple different spectra based on the light captured by the single image sensor.

[0088] In this example, image capture device 102 is a handheld image capture device configured
to be held in the hand of a medical practitioner such as a surgeon during use. Device 102 may be
sufficiently small and lightweight to be able to be held and moved and aimed in one hand by a
user. A medical practitioner using device 102 may be able to aim device 102 by hand at a tissue
area of a patient in order to capture video and/or images or the patient’s tissue. The device 102
may comprise one or more buttons, triggers, or other input devices that may be activated by a user
in order to cause device 102 to capture a still image and/or to start or stop recording video.

[0089] Here, image capture device 102 is communicatively coupled to one or more other devices
and/or systems, such as other components of system 100 including image processing and display
engine 106, by any wired or wireless electronic communication medium, including by any suitable
network communication protocol. Image capture device 102 may be configured to transmit
captured image data (e.g., medical/surgical image data and/or medical/surgical video data),
associated metadata, and/or other data to image processing and display engine 106.

[0090] In this example, display assembly 104 is a device configured to display one or more images
and/or video captured by image capture device 102 on a display 104a of display assembly 104.
Here, display assembly 104 may be communicatively coupled to one or more other devices and/or
systems, such as other components of system 100 including image processing and display engine
106, by any wired or wireless electronic communication medium, including by any suitable
network communication protocol. Display assembly 104 may be configured to receive image data
(e.g., medical/surgical image data and/or medical/surgical video data), associated metadata, and/or
other data from image processing and display engine 106 and use said received data to render one
or more GUIs including captured images/video on display 104a or display assembly 104.

[0091] In addition to display 104a, display assembly 104 may comprise beacons 104b, which may

include one or more beacons positioned proximate to display 104a and configured to allow system
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100 to determine a position and/or orientation of device 102 with respect to display assembly 104,
as discussed in detail hereinbelow. Beacons 104b may comprise one or more fixed objects
configured to be visually detectible by an image sensor of device 102 to be used to allow system
100 to determine a position and/or orientation of device 102 with respect to display assembly 104.
Beacons 104b may comprise physical objects visible in white light, infrared light, or one or more
other spectra; virtual beacons displayed on display 104a; and/or dedicated light-emitting elements
positioned proximate to display 104 and configured to emit light visible in white light, infrared
light, or one or more other spectra.

[0092] Image processing and display engine 106 may be any device or system comprising one or
more computer processors configured (1) to receive image data, associated metadata, and/or other
data from image capture device 102, (2) to send processed image data and/or other data directly or
indirectly to display assembly 104, and (3) to perform image processing and GUI control
operations as explained in detail herein below. Engine 106 may be configured to generate, update,
and/or otherwise provide a GUI for display on display assembly 104, including determining a
position and/or orientation of device 102 with respect to display assembly 104 and generating,
updating, and/or otherwise providing the GUI (including captured images controlled therein) based
at least in part on the determined position and/or orientation.

[0093] In this example, image capture device 102 may be an image capture and pointing device
configured to both capture images/video as described above and to serve as a pointing and control
device for pointing at and executing controls against a graphical user interface (GUI) displayed on
a display assembly such as display assembly 104. Exemplary techniques by which device 102
may be used to point at and control a GUI displayed on display assembly 104 are described below
throughout this disclosure in detail. Device 102 may be used to control a GUI displayed on display
assembly 104 and/or to annotate or otherwise manipulate an image displayed as part of a GUI on
display assembly 104 wherein the image displayed as part of the GUI is an image that was
previously captured by device 102.

[0094] In this example, device 102 may be configured to operate selectably in either an image-
capture mode for capturing images/video or in a pointer/control mode for pointing at a displayed
GUI and/or executing one or more controls against the GUL Device 102 may be toggled between
the two modes based on manual selection by a user (e.g., by a user pressing a button, toggling a

switch, or otherwise executing an input). For example, device 102 may be configured to
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automatically toggle between the two modes, for example based on an automatic detection by the
device of whether it is aimed at patient tissue and/or whether it is aimed at a display assembly and
GUI. For example, system 100 may automatically determine whether or not device 102 is aimed
at a display assembly and GUI using automated image analysis and/or tracking algorithms to
analyze images captured by the device; alternatively, or additionally, system 100 may
automatically determine whether or not device 102 is aimed at a display assembly and GUI based
on detection by one or more sensors of device 102 of light emitted from one or more beacons of a
display assembly, as discussed in further detail below. In this example, system 100 may
automatically determine whether or not device 102 is aimed at a display assembly and GUI based
on information collected from one or more of a compass, accelerometer, and gyroscope on-board
device 102.

[0095] In this example, for example when device 102 is operating in pointer/control mode, control
of a GUI and/or an image displayed therein by device 102 may be based at least in part on a
determined orientation of device 102 with respect to display assembly 104 and/or on a determined
position of device 102 with respect to display assembly 104. In this manner, device 102 may be
used, for example, as a pointer to control movement of a cursor on a GUI displayed on display
assembly 104. Various functionalities for controlling a GUI displayed on display 104 based at
least in part on determining a location on display assembly 104 at which device 102 is aimed may
include, for example, displaying a cursor, selecting a displayed graphical user interface object,
highlighting a displayed graphical user interface object, selecting a displayed graphical user
interface object, rotating a displayed graphical user interface object, zooming/resizing a displayed
graphical user interface object, placing a graphical user interface object, and/or generating and
placing an annotation on an image displayed as part of the GUI.

[0096] Techniques for determining a location of display assembly 104 at which device 102 is
aimed, thereby enabling control of a GUI displayed on assembly 104 by device 102, are explained
in detail below with reference to FIGS. 2-10.

Exemplary Image Capture, Display, and Manipulation Techniques
[0097] FIGS. 3A & 3B show a location on a display corresponding to the calculated midpoint
location and the respective bounding frame dimensions. FIG. 3A depicts an orientation in which

the sensor of the handheld device is level with the horizontally-spaced beacons, whereas FIG. 3B
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depicts an orientation in which the sensor is rotated diagonally with respect to the beacons. In this
example, the calculated bounding frame may dynamically change in size as the sensor is rotated,
such that the bounding frame may be closer to the edge of the sensor space when the sensor is
rotated diagonally (e.g., FIG. 3B) as compared to when the sensor is held on a level horizontal
with the beacons (e.g., FIG. 3A). As shown, when the camera is rotated then the midpoint may be
slightly closer to the edge of the sensor than if the camera were horizontal.
[0098] In this example, the sensor-space inside the dynamically-calculated bounding frame may
be mapped to the display space of the physical display. The system may be configured such that
the entire sensor space cannot be used, because using the periphery of the sensor space outside the
calculated bounding frame would cause the system to lose track of one of the beacons. The system
cannot track the midpoint in the sensor space outside of the bounding frame. If the point that is
being tracked is on the edge of the calculated bounding frame (e.g., is on the bounding line), then
the corresponding position on the physical display (e.g., the calculated cursor position) may be on
a corresponding edge of the display space.
[0099] The midpoint position in relation to the bounding frame dimensions may be used to
calculate a location on the display at which the camera is aimed (e.g., which may be used to
determine a position at which a cursor may be rendered on the GUI). For example, for a surgical
display that has a resolution of 4K UHD (3840x2160 pixels), then the variables screenWidth and
screenHeight may represent these screen pixel dimensions. A proportion may be used to calculate
the position of the cursor: the position of midpointX within the boundingFrameWidth may be
proportional to the location cursorX within the screenWidth; and the position of midpointY within
the boundingFrameHeight may be proportional to the location cursorY within the screenHeight.
Cursor position may thus be calculated as follows:

(D) cursorX = (screenWidth * midpointX) / boundingFrameWidth

2) cursorY = (screenHeight * midpointY) / boundingFrameHeight
[0100] Beyond calculating a location on the display of a display assembly at which the image
capture device is aimed (and therefore at which a cursor may be displayed), the system (e.g.,
system 100) may be configured to calculate one or more additional properties related to the
position and/or orientation of the handheld image capture device relative to the display assembly.
[0101] In this example, the system may be configured to calculate camera rotation. Camera

rotation may be determined, for example, by drawing a line between the left and right beacon
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positions and calculating an angle @ that the line is off the horizontal, as shown for example in
FIGS. 4A and 4B and as shown in the following equation:

3) O = cos !(abs(rightCx — leftCx) / sensorDistanceBetweenPoints
[0102] In this example, the system may be configured to calculate an actual distance of the
image capture device to the display. Said actual distance may be calculated, e.g., as follows.
[0103] First, the system may calculate a width of a far clipping plane, which may be calculated
as the width of the field-of-view at the far clipping plane. This can be calculated based on the
fact that (fixedLEDDistance / fieldOfViewWidth) is proportional to
(sensorDistanceBetweenBpints / sensorWidth), as shown below:

G fieldOfViewWidth = (cameraSensorWidth * fixed LEDDistance) /

sensorDistanceBetweenPoints

[0104] Then the system may use the right triangle that is created between the far clipping plane
and the camera to calculate the actual distance using the tangent of ®/2 and solve for the adjacent
side of the triangle, as shown in FIG. 5 and by the following equation:

(5 actualDistance = (fieldOfViewWidth / 2) / tan(® / 2)
[0105] The system may be configured to calculate an actual distance of the image capture device
to the display in the event that the image capture device is horizontally offset from the center of
the screen.
[0106] In this example, the system may be configured to automatically determine whether the
image capture device is horizontally offset from the display assembly, for example by determining
whether one of the left and right IR beacons is larger or smaller on the imaging sensor than the
other. Based on whether one or the other of the IR beacons is larger or smaller on the imaging
sensor, the system may determine whether the image capture device is horizontally offset and may
determine, based on which of the IR beacons is larger or smaller on the imaging sensor, the
direction in which the device is offset.
[0107] FIGS. 6A and 6B show two examples of the camera sensor being offset from a center of
the display assembly. As shown in FIG. 6A, the camera sensor is horizontally offset in a rightward
direction from the center of the display assembly, and the right IR beacon, which is closer to the
image sensor, therefore appears larger on the image sensor than the left IR beacon. As shown in

FIG. 6B, the camera sensor is horizontally offset in a leftward direction from the center of the
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display assembly, and the left IR beacon, which is closer to the image sensor, therefore appears
larger on the image sensor than the right IR beacon.
[0108] The actual diameter of the IR beacon is fixed (fixedLEDDiameter) and may be known to
the system. Thus, the proportion of the fixed diameter on the far clipping plane as compared to
the diameter on the sensor may be used to calculate the field-of-view width. Once the field-of-
view width is known, then the system can use the tangent of the right triangle to calculate the actual
distance from the camera to the left beacon and the actual distance from the camera to right beacon,
as shown in FIGS. 7A and 7B and as shown by the following equations:
6) leftFieldOfViewWidth = (sensorWidth * fixedLEDDiameter) /
leftSensorDiameter
N leftActualDistance = (fieldOfViewWidth / 2) / tan(® / 2)
(8) rightFieldOfViewWidth = (sensorWidth * fixedLEDDiameter) /
rightSensorDiameter
9 rightActualDistance = (fieldOfViewWidth / 2) / tan(® / 2)
[0109] Once leftActualDistance and rightActualDistance have been calculated, the system may
then use the Law of Cosines (¢*> = a® + b> — 2(a)(b)(cos(C)) to calculate the unknown angle C, as
shown in FIG. 8 and as shown by the following equations:
(10) rightActualDistance2 = fixedLEDDistance? + leftActualDistance® — 2
(fixedLEDDistance) (leftActualDistance) (cos C)
(11)  cos C = (fixedLEDDistance? + leftActualDistance? — right ActualDistance?) / (2
(fixedLEDDistance) (leftActualDistance))
[0110] Once the angle C is determined, the system may then apply the law of cosines again to
calculate the actual midpoint distance, as shown in FIG. 9 and as shown by the following equations:
(12)  midpointActualDistance® = (fixedLEDDistance / 2)* + leftActualDistance® — 2
(fixedLEDDistance / 2) (leftActualDistance) (cos C)
(13)  midpointActualDistance = sqrt((fixedLEDDistance / 2) + leftActualDistance® — 2
(fixedLEDDistance / 2) (leftActualDistance) (cos C))
[0111] Once the angle C and the actual midpoint distance are known, the system may then use the
law of cosines once again to solve for angle B, where angle B is the angle that the camera is

horizontally offset. This calculation is shown by the following equations:
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(14)  leftActualDistance’ = midpointActualDistance? + (fixedLEDDistance / 2)> — 2
(midpointActualDistance) (fixedLEDDistance / 2) (cos B)
(15)  cos B = (midpointActualDistance? + (fixedLEDDistance/2)> —
leftActualDistance?) / (2(midpointActualDistance) (fixed LEDDistance/2))
(16) B = cos!((midpointActualDistance? + (fixedLEDDistance/2)* —
left ActualDistance?)/(2(midpointActualDistance) (fixed LEDDistance/2)))
[0112] While the above explains techniques in which two horizontally-offset IR beacons are used,
other beacon arrangements may be used; for example, a single beacon may be used, three (or more)
beacons in a line may be used, three beacons in a triangle may be used, and/or four beacons in a
rectangle may be used.
[0113] While the above explains techniques by which visual detection of one or more beacons
may be used to determine a position and/or orientation of an image capture device, position and/or
orientation of an image capture device may also be determined based in whole or in part on data
collected from one or more of an accelerometer, a gyroscope, and a compass on board the image
capture device. Additionally or alternatively, position and/or orientation of an image capture
device may also be determined based in whole or in part on other image processing methods (aside
from detection of beacons as explained above), for example by using video tracking and/or
applying sparse and/or dense optical flow tracking algorithms to track movement of an image
capture device based on video frames captured by the image capture device.
[0114] FIG. 10 depicts a flowchart representing an exemplary method 1000 for capturing a
medical image and displaying a graphical user interface comprising the captured image, in
accordance with some aspects.
[0115] As described below in detail, method 1000 may enable an image capture and display
system to capture medical images using a handheld image capture and pointing device; to display
one or more of the captured images on a display assembly as part of a GUI, to calculate a position
and/or orientation of the image capture and pointing device relative to the display assembly; and
to then control display of the GUI including the captured image based at least in part on the
determined relative position and/or orientation.
[0116] The method 1000 may be carried out, in whole or in part, by one or more of the components
of a system for medical image capture, display, manipulation, annotation, and analysis, such as

system 100 described above with respect to FIG. 1. Any one or more of the aspects of method
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1000 may be combined, in whole or in part, with any one or more of the aspects of FIG. 1, and/or
with any one or more of the systems, methods, devices, and/or techniques described elsewhere
herein.

[0117] At block 1002, in this example, the system may capture a first image using an image sensor
of a handheld image capture and pointing device. In the example of system 100, image capture
and pointing device 102 may capture an image of tissue of a patient. The first captured image may
be a standalone still image; the first captured image may be a frame of a series of video frames.
The first captured image may be an image captured in one or a plurality of spectra in which the
image capture device is configured to operate; for example, the captured image may be a white
light image.

[0118] The first captured image may be processed locally and/or transmitted for remote
processing. In the example of FIG. 1, the first captured image may be transmitted (by wired or
wireless network communication) to image processing and display engine 106 (where it may be
processed and/or caused to be displayed by display assembly 104).

[0119] At block 1004, in this example, the system may display a graphical user interface
comprising the first captured image using a display of a display assembly. In the example of
system 100, image processing and display engine 106 may receive the first captured image from
device 102, may optionally process the received first image, and may generate or otherwise provide
a graphical user interface comprising the first captured image for display on display 104 by display
assembly 104.

[0120] In this example, the graphical user interface may be a surgical display graphical user
interface configured to allow a surgeon to view raw, processed, and/or annotated surgical images
and/or video during a surgical procedure in the surgical environment. As discussed herein, the
graphical user interface may be configured to allow a user to annotate one or more displayed
images and/or to perform region-of-interest tracking in one or more video streams based on tissue
features associated with said annotations.

[0121] In this example, the graphical user interface may be configured to allow a user to execute
one or more inputs to select, control, manipulate, zoom, rotate, augment, modify, or otherwise
control one or more medical images displayed as part of the graphical user interface. The graphical
user interface may be configured to be able to be controlled by any suitable input device such as a

mouse, keyboard, touch-screen controls, or the like. The graphical user interface may be
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configured to be able to be controlled by a handheld pointing device, such as image capture and
pointing device 102, configured to generate a cursor at a location in the graphical user interface
corresponding to a displayed location on the display at which the pointing device is aimed.
[0122] At block 1006, in this example, while the graphical user interface comprising the first
image is displayed by the display assembly, the system may detect, using an image sensor of the
handheld image capture and pointing device, light emitted by one or more beacons of the display
assembly. In the example of system 100, image capture device 102 may capture light emitted by
one or more of beacons 104b of display assembly 104.

[0123] In this example, the beacons may be positioned proximate to a periphery of the display in
respective fixed locations relative to the display. As discussed above, the beacons may be
configured to emit light in one or more spectra for detection by one or more image sensors of the
image capture device 102. Light emitted (and/or reflected) by the one or more beacons may be
captured by one or more of the same image sensors used to capture the first image as discussed
above with respect to block 1002. Alternatively, or additionally, light emitted (and/or reflected)
by the one or more beacons may be captured by one or more of the same image sensors used to
capture the second image as discussed below with respect to block 1018. Alternatively, or
additionally, light emitted (and/or reflected) by the one or more beacons may be captured by one
or more image sensors not used to capture either the first image or the second image.

[0124] In this example, one or more of the beacons may be IR beacons. One or more beacons that
do not emit light but merely reflect light may be used. One or more virtual beacons generated and
displayed on the display displaying the graphical user interface comprising the first image may be
used.

[0125] Information regarding the detected light emitted from (and/or reflected by) the one or more
beacons may be processed locally by the image capture device and/or may be transmitted, for
example to an image processing and display engine, for processing remotely.

[0126] At block 1008, in this example, the system may determine, based on the light emitted by
the one or more beacons of the display assembly, a position of the handheld image capture and
pointing device relative to the display assembly. At block 1010 the system may determine, based
on the light emitted by the one or more beacons of the display assembly, an orientation of the
handheld image capture and pointing device relative to the display assembly. In the example of

system 100, the determinations at block 1008 and/or the determination at block 1010 may be made
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by image processing and display engine 106, and results of said one or more determinations may
be used by the image processing and display engine to control one or more aspects of a GUI
comprising one or more captured images displayed on display 104.

[0127] In this example, determination of a position of a handheld image capture and pointing
device relative to a display assembly and/or determination of an orientation of a handheld image
capture and pointing device relative to a display assembly may be performed in accordance with
all or part of any one or more of the techniques described above with respect to FIGS. 1-9. For
example, a system may determine a location at which a handheld pointing device is aimed (e.g., a
“cursor position”) in a plane of a display assembly, a rotation of a handheld pointing device relative
to a display assembly, and/or an actual distance of a handheld pointing device relative to a display
assembly. As described below, the system may be configured such that one or more aspects of the
displayed GUI including the first captured image displayed therein may be controlled based on the
determined position and/or orientation.

[0128] In this example, for example as described above with respect to FIGS. 1-9, determining a
position of a handheld image capture and pointing device relative to a display assembly may
comprise determining a distance from the display assembly to the handheld device. For example
as described above with respect to FIGS. 1-9, determining a position of a handheld image capture
and pointing device relative to a display assembly may comprise determining an offset angle of
the handheld device with respect to a plane intersecting the display assembly, for example a plane
intersecting the display at a right angle along a line from the top center of the display assembly to
the bottom center of the display assembly.

[0129] In this example, for example as described above with respect to FIGS. 1-9, determining an
orientation of a handheld image capture and pointing device relative to a display assembly may
comprise determining a location in the plane of the display assembly at which the image capture
and pointing device is aimed. For example as described above with respect to FIGS. 1-9,
determining an orientation of a handheld image capture and pointing device relative to a display
assembly may comprise determining rotational orientation of the handheld device, for example a
rotational orientation of the device with respect to a line along which the handheld device is aimed.
[0130] In this example, in a similar manner as described above with respect to FIGS. 1-9, a system
may similarly determine a relative position and/or relative orientation of a handheld image capture

and pointing device with respect to another component of system 100 or another component of
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another system, whether by using the beacon-based determination techniques described above
and/or by using one or more of the other position/orientation determination techniques (e.g.,
gyroscope, accelerometer, compass, video processing) described above. Said determined position
and/or orientation relative to one or more other components of a system may similarly be used to
control one or more aspects of a GUI comprising one or more captured images displayed on a
display.

[0131] At block 1012, in this example, the system may update display of the graphical user
interface comprising the first image in accordance with the determined position and/or the
determined orientation. In the example of system 100, engine 106 may update one or more features
or aspects of the GUI comprising the first captured image displayed on display 104a.

[0132] In this example, updating display of the graphical user interface comprising the first image
in accordance with the determined position and/or the determined orientation may comprise
controlling a displayed cursor on the GUI, selecting an image for display on the GUI, zooming an
image on the GUI, generating an annotation on an image on the GUI, rotating an image on the
GUI, resizing an annotation on an image on the GUI, rotating an annotation on an image on the
GUI, and/or selecting or updating a display size for an object and/or a font size for text on the GUL
[0133] In this example, updating display of the graphical user interface comprising the first image
in accordance with the determined position and/or the determined orientation may comprise
displaying a cursor on the graphical user interface at a location on the display at which the handheld
device is determined to be aimed. A user may then press one or more buttons on the handheld
device to execute a cursor “click” in the GUI.

[0134] In this example, updating display of the graphical user interface comprising the first image
in accordance with the determined position and/or the determined orientation may comprise
generating and displaying an annotation on the displayed image at a location on the display at
which the handheld device is determined to be aimed. For example, a user may point the handheld
device at a location on the display displaying a tissue feature and the system may generate an
annotation (e.g., a displayed, numbered, drawn, and/or labeled bounding box) at the location at
which the device is aimed. The user may label one or more regions of interest in an image of tissue
in this manner, and the labeled regions of interest may be stored for future review, used for image

analysis, and/or used for feature tracking in one or more video streams.
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[0135] In this example, updating display of the graphical user interface comprising the first image
in accordance with the determined position and/or the determined orientation may comprise
rotating an image annotation in accordance with the orientation of the handheld device. Animage
(e.g., the first captured image) displayed on the GUI may be rotated in accordance with rotation of
the handheld device. Another feature of the GUI, such as but not limited to an image annotation
(e.g., aregion of interest bounding box) may be rotated in accordance with rotation of the handheld
device.

[0136] In this example, updating display of the graphical user interface comprising the first image
in accordance with the determined position and/or the determined orientation may comprise
modifying a size of a graphical user interface object such as a displayed image and/or an image
annotation in accordance with the position of the handheld device. For example, a user may be
able to push the handheld device toward the display assembly to decrease the size of the GUI
object and pull the handheld device away from the display assembly to increase the size of the
GUI object. The system may be configured to automatically set the size of one or more GUI
objects (e.g., an image display window, text on the GUI) in accordance with a determined distance
of the handheld device from the display assembly, for example to ensure that text is legible by a
user of the handheld device when the user is standing at various distances from the display
assembly.

[0137] In this example, updating display of the graphical user interface comprising the first image
in accordance with the determined position and/or the determined orientation may comprise
displaying a notification based on an offset angle determined in accordance with the determined
position of the handheld device. For example, the system may be configured to display a warning
or other notification when handheld device is at an offset angle that determines a predefined
threshold offset angle, such that the user may be made aware that his viewing angle is non-optimal.
[0138] Atblock 1014, in this example, the system may, in accordance with the determined position
and/or the determined orientation, identify a first region of interest in the first image. In the
example of system 100, image processing and display engine 106 may identify the first region of
interest. The identified region of interest may be a region of interest that is “tagged” by a user of
the handheld device when the user points the handheld device at a portion of the image displaying
the region to be tagged and executes an input such as pressing one or more buttons on the handheld

device. The system may generate an annotation associated with the tagged region of interest in
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the image, including by generating and displaying a visual marker such as a bounding box
highlighting the annotated region and/or by generating and storing metadata associated with the
annotated region, wherein the metadata may include a location in the image, a time of the
annotation, an unique identifier of the annotation, a label of the annotation, time stamp data for the
annotation, information indicating a user who created the annotation, and/or information indicating
a manner in which the annotation was created.

[0139] At block 1016, in this example, the system may apply a tracking algorithm and/or an image
analysis algorithm to the first region of interest. In the example of system 100, image processing
and display engine 106 may apply said tracking algorithm and/or image analysis algorithm.
[0140] In this example, an image analysis algorithm applied may determine a type of tissue
associated with the first region of interest, a health of tissue associated with the first region of
interest, a level of perfusion of tissue associated with the first region of interest, and/or any other
medically relevant information that may be discerned from the image of the tissue associated with
the first region of interest.

[0141] In this example, a tracking algorithm applied may track one or more features of tissue
associated with a region of interest across a plurality of video frames of which the first captured
image is a part. Thus, a user may tag a tissue feature in the first captured image and the system
may track (e.g., automatically locate and identify) the tissue feature across one or more other
frames in a video stream from which the first captured image is taken.

[0142] In this example, the system may be configured to output data and/or image portions of a
portion of tissue in another frame of the video stream wherein the data is based on a portion or
portions of the one or more other frames identified by the tracking algorithm. The system may be
configured to apply one or more image analysis algorithms to a portion or portions of one or more
other frames in the video stream identified by the tracking algorithm.

[0143] At block 1018, in this example, the system may capture a second image using an image
sensor of the handheld image capture and pointing device. In the example of system 100, image
capture and pointing device 102 may capture the second image of tissue of the patient. The second
captured image may be a standalone still image; alternatively, the second captured image may be
a frame of a series of video frames.

[0144] In this example, the second captured image may be an image captured in one or a plurality

of spectra in which the image capture device is configured to operate; for example, the captured
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image may be an IR image. The tissue captured in the second image may be the same tissue as
captured in the first image. For example, the image capture device may be configured to use a
single set of one or more image sensors sensitive in multiple different spectra to capture both the
first and second images, or the image capture device may be configured to use separate sets of one
or more image sensors sensitive in different respective spectra to capture the first and second
images respectively.

[0145] In this example, the tissue may be the same tissue captured in the first image. The second
captured image may be captured simultaneously or essentially simultaneously (e.g., within less
than or equal to 1 second, 0.1 seconds, 0.01 seconds, or 0.001 seconds) with the first image, such
that the first and second images may represent the same tissue area at the same or essentially the
same period in time in different spectra. The first and second images may be corresponding frames
representing the same or essentially the same moment in time in simultaneously-captured video
streams of the target tissue.

[0146] In this example, the second captured image may be processed locally and/or transmitted
for remote processing. In the example of FIG. 1, the second captured image may be transmitted
(by wired or wireless network communication) to image processing and display engine 106 (where
it may be processed and/or caused to be displayed by display assembly 104).

[0147] At block 1020, in this example, the system may apply a tracking algorithm and/or image
analysis algorithm to a second region of interest, wherein the second region of interest is in the
second image and corresponds to the first region of interest. Block 1020 may follow from both
block 1018 and block 1014. In the example of system 100, image processing and display engine
106 may apply said tracking algorithm and/or image analysis algorithm.

[0148] In this example, the system may determine the second region of interest in the second image
based on the first region of interest in the first image. For example, when the first and second
image depict the same tissue region at the same point in time, the second region of interest may be
selected to have the same pixel coordinates in the second image as the pixel coordinates of the first
region of interest in the first image.

[0149] In this example, the system may be configured to select the second region of interest in the
second image based on spatial correspondence with the first region of interest (e.g., as indicated

by a user using the pointing device) in the first image, and to then apply a tracking algorithm to a
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video stream from which the second image was taken to track a tissue feature in multiple frames
of the video stream of the second image.

[0150] In this example, the system may be configured to select the second region of interest in the
second image based on spatial correspondence with a region of interest in a video stream from
which the first image was taken. For example, a user may indicate the first region of interest
corresponding to a tissue feature in the first image, and the system may then track the tissue feature
to a subsequent frame of the first video stream. The system may then correlate the subsequent
frame of the first video stream spatially to the second image in the event that the subsequent frame
and the second image correspond to the same point in time.

[0151] In another example, instead of spatially correlating the first image or the subsequent frame
in the first video stream to the second image itself, the system may spatially correlate the first
image or the subsequent frame in the first video stream to a prior frame in the second video stream,
wherein the prior frame was captured at an earlier time in the second video stream than the second
image. The system may use the spatial correlation to identify a tissue feature in the second video
stream starting at the prior frame and may apply a tracking algorithm to track the tissue feature in
the second video stream to select the second region of interest (corresponding to the tissue feature)
in the second image.

[0152] It should be noted that image tracking algorithms may be applied with or without regard
for a time-direction of frames from a video stream, such that one or more tissue features may be
traced forward and/or backward in one or more video streams.

[0153] In this example, the system may apply an image analysis algorithm to the second region of
interest in the second image once the image analysis algorithm is identified therein. The image
analysis algorithm applied may determine a type of tissue associated with the second region of
interest, a health of tissue associated with the second region of interest, a level of perfusion of
tissue associated with the second region of interest, and/or any other medically relevant
information that may be discerned from the image of the tissue associated with the second region
of interest.

[0154] It may be advantageous to allow a practitioner to tag a region of interest in a first video
stream and/or to automatically track a tissue feature in a first stream because the first stream may
be more amenable to human and/or automated visual perception at certain points in time. For

example, if a first video stream is a white light stream and a second video stream is a fluorescence
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IR stream, the amount of light captured in the second video stream may be very low when there is
not a, e.g. pre-administered, bolus of fluorescence agent traveling through vasculature of the target
tissue. Thus, it may be advantageous to track a tissue feature in a white light video stream before
the imaging agent is present in the tissue and to then observe the fluorescence video stream of the
feature and/or apply one or more image analysis algorithms to the fluorescence video stream of
the feature only at the time that the imaging agent is present in the tissue.

[0155] FIGS. 11A and 11B, discussed in further detail below with respect to exemplary tracking
techniques and exemplary image annotation techniques, show corresponding annotated images of
a target tissue area, wherein the image in FIG. 11A is captured in white light and the image in FIG.
11B is captured in infrared spectrum and rendered in grayscale. As shown, the two images have
been annotated with corresponding regions of interest, wherein each image includes regions of
interest numbered 1-5 and wherein similarly numbered regions of interest in the images correspond
to one another by indicating the same tissue features in both images. Thus, for example, region of
interest “1” in the image in FIG. 11A may be the region of interest in the first captured image in
method 1000, and region of interest “1” in the image in FIG. 11B may be the region of interest in

the second captured image in method 1000.

Exemplary Tracking Techniques

[0156] As described above, a system for medical image capture, display, manipulation, annotation,
and analysis, such as system 100, may be configured such that two (or more) video streams
depicting the same target tissue may be simultaneously captured, wherein a first one of the video
streams captures the target tissue in a first spectrum (e.g., white light) and a second one of the
video streams captures the target tissue in a second spectrum (e.g., IR). In this example, an object
such as a tissue feature may be tracked in one video stream (e.g., a white light video stream) to
determine a region of the other video stream (e.g., an IR video stream) at which image analysis
should be performed or from which data should be extracted. In this manner, a system may be
configured to use frame-synchronized video channels (e.g., video streams) to extract information
out of a first channel of video (e.g., a white light video channel) and apply that information to
corresponding positions in the second channel of video (e.g., an IR video channel).

[0157] Described below are exemplary techniques for performing tracking in frame-synchronized

video streams.
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[0158] In this example, a system may be configured to track a tissue feature in a white light video
stream and to then extract information from or analyze a corresponding location in a frame-
synchronized IR video stream at a time at which a bolus of fluorescence agent is moving through
the tissue vasculature and emitting IR fluorescence emission light. The system may track one or
more regions of interest in white light video since white light video may have more information
than fluorescence video that is advantageous to the performance of the tracking algorithm. As the
white light video sequence continues, the tracking algorithm may lock-onto one or more of these
regions of interest and track their coordinates throughout the white light video sequence. The
region of interest coordinates that are tracked in the white light video channel may then be used to
identify corresponding regions in the IR video channel and to do analysis on (e.g., extract data
from and/or perform one or more image analysis techniques on) said corresponding regions and/or
visualize said corresponding regions. Thus, tissue tracking may be effectively performed in an
information-rich white light spectrum and then fluorescence emission information may be
extracted from an IR fluorescence emission spectrum at regions selected by the tracking algorithm.
[0159] One or both video feeds used in performance of the tracking techniques described herein
may be captured using a handheld image capture and pointing device, such as device 102 of system
100.

[0160] The image capture device may be configured to use a single set of one or more image
sensors sensitive in multiple different spectra to capture both the first and second video streams.
The image capture device may be configured to use separate sets of one or more image sensors
sensitive in different respective spectra to capture the first and second video streams respectively.
Both sets of one or more sensors may simultaneously capture images of the same target tissue.
[0161] In this example, after capturing one or both of the video streams, the image capture device
may transmit (e.g., via wired or wireless network communication) the captured video stream(s) to
a processing device for application of one or more of the tracking techniques described herein.
The tracking techniques described herein may be applied by image processing and display engine
106. Engine 106 may be communicatively coupled to one or more electronic data stores for storing
sequences of frames from one or more received video streams. The tracking techniques described
herein may be performed in real time as the video streams are received and/or on pre-recorded and

stored video streams.
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[0162] FIGS. 11A and 11B show corresponding annotated images of a target tissue area, wherein
the image in FIG. 11A is captured in white light and the image in FIG. 11B is captured in infrared
spectrum and rendered in grayscale. As shown, the two images have been annotated with
corresponding regions of interest, wherein each image includes regions of interest numbered 1-5
and wherein similarly numbered regions of interest in the images correspond to one another by
indicating the same tissue features in both images. Thus, for example, region of interest “1” in the
image in FIG. 11A may be a region of interest that is or has been tracked in a white light video
stream, and region of interest “1” in the image in FIG. 11B may be a corresponding region in a
frame of the IR video stream, selected on the basis of the tracking algorithm applied to the white
light video stream, on which the system may perform data extraction or image analysis.

[0163] FIG. 12 depicts a flowchart representing an exemplary method 1200 of capturing medical
video and identifying regions of interest therein, in accordance with some aspects.

[0164] As described below in detail, method 1200 may enable an image capture and display
system to capture multiple streams of medical video (e.g., using a handheld image capture and
pointing device); to track one or more features of target tissue in a first video stream; to identify,
based on said tracking, a region depicting the feature of the target tissue in a second video stream;
and to apply one or more image analysis algorithms and/or visualization techniques to the region
depicting the feature of the target tissue in the second video stream.

[0165] In this example, method 1200 may be carried out, in whole or in part, by one or more of
the components of a system for medical image capture, display, manipulation, annotation, and
analysis, such as system 100 described above with respect to FIG. 1. Any one or more of the
aspects of method 1200 may be combined, in whole or in part, with any one or more of the aspects
of FIG. 1, and/or with any one or more of the systems, methods, devices, and/or techniques
described elsewhere herein.

[0166] At block 1202, in this example, the system may capture a first series of video frames of
target tissue in a first spectrum. In the example of system 100, image capture and pointing device
102 may capture the first video stream (e.g., a time series of video frames) of tissue of a patient.
The first series of video frames may be captured in one or a plurality of spectra in which the image
capture device is configured to operate; for example, the first captured video stream may be a white

light video stream.

33



WO 2022/087623 PCT/US2021/071977

[0167] In this example, the first captured video stream may be processed locally and/or transmitted
for remote processing. In the example of FIG. 1, the first captured video stream may be transmitted
(by wired or wireless network communication) to image processing and display engine 106 (where
it may be processed and/or caused to be displayed by display assembly 104).

[0168] At block 1204, in this example, the system may capture a second series of video frames of
the target tissue in a second spectrum.

[0169] In the example of system 100, image capture and pointing device 102 may capture the
second video stream (e.g., a time series of video frames) of tissue of a patient. The second series
of video frames may be captured in one or a plurality of spectra in which the image capture device
is configured to operate; for example, the second captured video stream may be an IR video stream.
[0170] The second captured video stream may be processed locally and/or transmitted for remote
processing. In the example of FIG. 1, the second captured video stream may be transmitted (by
wired or wireless network communication) to image processing and display engine 106 (where it
may be processed and/or caused to be displayed by display assembly 104).

[0171] In a similar manner as described above the image capture device may be configured to use
a single set of one or more image sensors sensitive in multiple different spectra to capture both the
first and second video streams. The image capture device may be configured use separate sets of
one or more image sensors sensitive in different respective spectra to capture the first and second
video streams respectively. Both sets of one or more sensors may face in the same direction and
therefore simultaneously capture video streams of the same target tissue.

[0172] In this example, the first and second video streams may be captured simultaneously with
one another. Corresponding frames of the first and second video streams may be captured
simultaneously or essentially simultaneously (e.g., within less than or equal to 1 second, 0.1
seconds, 0.01 seconds, or 0.001 seconds) with one another, such that the corresponding frame may
represent the same tissue area at the same or essentially the same period in time in different spectra.
The corresponding frames may thus represent the same or essentially the same moment in time in
the simultaneously-captured video streams of the target tissue.

[0173] At block 1206, in this example, the system may identify a first region of interest in the first
series of video frames, the first region of interest corresponding to a first feature of the target tissue.
In the example of system 100, image processing and display engine 106 may identify the first

region of interest. The first region of interest may be identified in one or more frames of the first
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series of video frames. The system may automatically identify the first region of interest (e.g.,
using one or more image analysis or object recognition algorithms).

[0174] The system may identify the first region of interest based at least in part on user input
indicating the region in one or more frames of the first series of video frames. A user may use a
mouse, keyboard, touch-screen, or other input device to indicate a portion of a displayed image
from the first series of video frames, such as by selecting a center of the region of interest or
drawing a bounding box (or other bounding shape) for the region of interest. A user may specify
the first region of interest by using a handheld image capture and pointing device (e.g., device
100), for example by using said device to point at a portion of an image (e.g., with a cursor)
displayed on a display assembly (e.g., display assembly 104) to generate a tag or bounding box or
to otherwise cause the system to identify the portion of the image at which the user is pointing as
the first region of interest. The system may select the first region of interest based on a portion of
a displayed image at which a handheld image capture and pointing device is aimed in accordance
with all or part of any of the techniques described above with respect to FIGS. 2-10 and method
1000, for example blocks 1004-1014 of method 1000.

[0175] At block 1208, in this example, the system may apply a tracking algorithm to track the first
feature of the target tissue in the first series of video frames, wherein the tracking algorithm is
configured to track the first feature independently from tracking of surrounding tissue. In the
example of system 100, image processing and display engine 106 may apply said tracking
algorithm. In this example, the tracking algorithm may be configured to track the first feature
through various frames (e.g., forward or backward in time) of the first series of video frames based
on the recognition (e.g., by image analysis performed separate from and/or as a part of the tracking
algorithm) of the tissue feature in the first region of interest identified by the system in one or more
frames of the first series of video frames. Thus, for example, a user may tag the first region of
interest containing the tissue feature in one frame of the first video stream, and the system may
then track the tissue feature throughout the rest of the first video stream.

[0176] In this example, the tracking algorithm configured to track the first feature independently
from tracking of surrounding tissue may be (or may include) a Discriminative Correlation Filter.
The Discriminative Correlation Filter may be a Discriminative Correlation Filter with Channel and
Spatial Reliability. The algorithm may be a video processing (e.g., computer vision) type of

algorithm. The tracking algorithm may include one or more machine learning components.
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[0177] The system may be configured to track every pixel in a frame using a dense optical flow
approach. In this approach, the system may track the movement (e.g., motion vectors) of every
pixel through the video sequence. The system may track the motion of every pixel without
considering one or more ROI's with respect to motion tracking. A visible light series of video
frames may still be used to determine the corresponding positions in a corresponding IR series of
video frames.

[0178] At block 1210, in this example, the system may identify a second region of interest in the
second series of video frames, based on the tracking algorithm applied to the first series of video
frames, the second region of interest corresponding to the first region of interest. In the example
of system 100, the identification of the second region of interest may be performed by image
processing and display engine 106. The system may be configured to select the second region of
interest in a frame of the second series of video frames based on spatial correspondence with the
first region of interest and/or based on spatial correspondence to the first tissue feature that may
be tracked throughout the first series of video frames. For example, a user may indicate the first
region of interest corresponding to the tissue feature in one or more frames of the first series of
video frames, and the system may then track the tissue feature to a different frame of the first series
of video frames. The system may then correlate the different frame from the first series of video
frames spatially to a frame from the second series of video frames.

[0179] Spatial correspondence may be used between time-synchronized frames — e.g., frames
representing the same or essentially the same moment in time — across the different series of video
frames. Spatial correspondence of regions of interest may refer to regions of interest in time-
synchronized frames that have the same or similar pixel coordinates in the frames. For example,
in the example of FIGS. 11A and 11B, the pair of regions of interest labeled “1” in the respective
images have a spatial correspondence with one another, as do the pairs labeled “2,” “3,” “4,” and
“5.” Thus, as used herein in describing method 1200, it should be understood that the “first region
of interest” and the “second region of interest” may depict a similar or identical tissue area in
different images.

[0180] Tracking of a tissue feature in a region of interest may be performed before and/or after
assessing one or more spatial correspondences to identify the second region of interest in a frame
of the second video stream. For example, a user may indicate the first region of interest containing

the tissue feature in a first frame of the first video stream. The system may determine a spatially
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corresponding second region of interest in a first time-synchronized frame of the second video
stream (that is time-synchronized with the first frame in the first stream). The system may first
track the tissue feature to a second video frame in the first video stream, and the system may then
determine the spatially corresponding second region of interest in a second time-synchronized
frame of the second video stream (that is time-synchronized with the second frame in the first
stream). The system may then optionally perform additional tracking on the tissue feature in one
or both of the first and second streams after the identification of the second region of interest.
[0181] At block 1212, in this example, the system may apply an image analysis algorithm to the
second region of interest. At block 1214, in this example, the system may visualize the second
region of interest. One or both of block 1212 and block 1214 may be performed following block
1210 and the identification of the second region of interest in one or more frames of the second
series of video frames. In the example of system 100, image analysis may be performed by image
processing and display engine 106 and visualization may be performed by image processing and
display engine 106 causing display 104a of display assembly 104 to display the second region of
interest.

[0182] In this example, the system may be configured to output data and/or image portions of the
second region of interest. The system may be configured to apply one or more image analysis
algorithms to the second region of interest. An image analysis algorithm applied may determine
a type of tissue associated with the second region of interest, a health of tissue associated with the
second region of interest, a level of perfusion of tissue associated with the second region of interest,
and/or any other medically relevant information that may be discerned from the second region of
interest.

[0183] In method 1200, the system may be configured such that image tracking may be performed
in white light at a time before fluorescence agent is present in the target tissue, and then image
analysis or visualization or information extraction may be performed in IR light at a time when a
fluorescence agent emitting IR agent is present in the vasculature of the target tissue.

[0184] For example, the first and second series of video frames may be captured during a first
period of time during which a fluorescence dye is not present in the target tissue and a second
period of time during which the fluorescence dye is present in the target tissue; the tracking
algorithm may be applied to a first set of frames, corresponding to both the first period of time and

the second period of time, from the first series of video frames; and the one or more frames of the
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second series of video frames to which an image analysis algorithm is applied may correspond to
the second period of time. The one or more frames of the first series of video frames in which the
first region of interest is identified may correspond to the first period of time.

[0185] In this example, for example as shown in FIGS. 11A and 11B, the system may be
configured to simultaneously track multiple different regions of interest and/or multiple different
tissue features in a single video stream (and/or in a single set of frame-synchronized video
streams). Two or more of the tracked regions or tracked features may be tracked independently of

surrounding tissue.

Exemplary Image Annotation Techniques

[0186] As described above, a system for medical image capture, display, manipulation, annotation,
and analysis, such as system 100, may be configured to capture a medical image and to generate
annotation data to be stored in association with a region of interest in the medical image and/or in
association with a tissue sample extracted from the tissue at an area indicated by the region of
interest in the image. The medical image can be obtained by an operator of the system before,
during, or after a medical practitioner extracts the tissue sample. The system may be configured
to capture a medical image and to generate annotation data to be stored in association with a region
of interest in the medical image and/or in association with a tissue sample that has been extracted,
or is about to be extracted, from the tissue at an area indicated by the region of interest in the
image. A system may capture a medical image (e.g., a frame from a medical video) using a
handheld image capture and pointing device, display the captured medical image on a display
assembly, determine a location in said image displayed on said display assembly at which the
handheld device is pointed, and generate and store annotation data associated with a region of
interest defined in the image at the location at which the handheld device is pointed.

[0187] During a medical/surgical procedure, a surgeon or other practitioner may capture an image
from a video stream (e.g., a live video stream being captured by a handheld image capture device
such as device 102) shortly before the practitioner intends to remove a tissue sample for analysis.
Once the image is captured, the practitioner may then mark one or more regions of interest in that
image such that the regions of interest and any associated metadata may be associated with the
tissue sample to be taken. The captured image and data associated with the region of interest may

be stored in association with the tissue sample to be removed. Alternatively, or additionally, the
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practitioner may then remove the tissue sample from the anatomy and the captured image and data
associated with the region of interest may be stored in association with the removed tissue sample
and/or in association with any data generated from analysis of the removed tissue sample.

[0188] Examples of images annotated with regions of interest are shown in FIGS. 11A and 11B,
with FIG. 11A showing a white light image and FIG. 11B showing an IR image rendered in
grayscale, with both images having five regions of interest marked thereon.

[0189] In this example, one or more regions of interest may be marked in response to a user
executing a user input indicating a portion of the image at which the region of interest should be
marked.

[0190] In this example, the system may identify the region of interest based at least in part on user
input indicating the region in the image using a mouse, keyboard, touch-screen, or other input
device to indicate a portion of the displayed image, such as by selecting a center of the region of
interest or drawing a bounding box (or other bounding shape) for the region of interest. A user
may specify the region of interest by using a handheld image capture and pointing device (e.g.,
device 100), for example by using said device to point at a portion of an image (e.g., with a cursor)
displayed on a display assembly (e.g., display assembly 104) to generate a tag or bounding box or
to otherwise cause the system to identify the portion of the image at which the user is pointing as
the region of interest. The system may select the first region of interest based on a portion of a
displayed image at which a handheld image capture and pointing device is aimed in accordance
with all or part of any of the techniques described above with respect to FIGS. 2-10 and method
1000, for example blocks 1004-1014 of method 1000. The identified region of interest may be a
region of interest that is “tagged” by a user of the handheld device when the user points the
handheld device at a portion of the image displaying the region to be tagged and executes an input
such as pressing one or more buttons on the handheld device.

[0191] The system may generate an annotation associated with the tagged region of interest in the
image, including by generating and displaying a visual marker such as a bounding box highlighting
the annotated region and/or by generating and storing metadata associated with the annotated
region, wherein the metadata may include a location in the image, a time of the annotation, an
unique identifier of the annotation, a label of the annotation, time stamp data for the annotation,
information indicating a user who created the annotation, and/or information indicating a manner

in which the annotation was created.
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[0192] The system may be configured to accept one or more inputs from a user of the system to
generate and store metadata associated with the region of interest. One or more of these inputs
may be input to the system using a microphone (e.g., for voice input), mouse, keyboard, touch-
screen, or the like. One or more of these inputs may be input to the system using a handheld image
capture and pointing device (e.g., device 100), including by using one or more buttons, keys,
microphones, touch-screen devices, or the like mounted thereon. One or more of these inputs may
be input to the system using a handheld image capture and pointing device (e.g., device 100),
including by generating metadata based at least in part on a determined location and/or orientation
of the handheld device (e.g., relative to a display assembly) at the time the annotation and/or
metadata are created.

[0193] Time stamp metadata associated with an annotation (e.g., region of interest) may include
time-stamp data indicating a time at which the image (e.g., video frame) was captured and/or time-
stamp data indicating a time at which the annotation was created or updated.

[0194] In this example, the system may be configured to automatically generate a unique identifier
for each of a plurality of regions of interest generated by the system. The system may
automatically increment a unique identifier each time the system creates a new annotation. Unique
identifiers may be unique across a surgical procedure, a set of surgical procedures, a patient’s
medical history, a medical practitioner’s professional history, a hospital, a surgical system or
platform, and/or a laboratory.

[0195] Tissue samples before being sent to pathology may be labeled with the labels from the
region of interest where the sample was taken. Once the pathology results are received, the same
label may be used to correlate the pathology results to the regions of interest as well as the image
of the anatomy and the time stamp in the video from which the image was taken.

[0196] The region of interest coordinates may then be tracked in the white light video channel
and may then be used to analyze and/or visualize corresponding regions in the IR video channel,
for example as discussed above with respect to method 1200.

[0197] FIG. 13 depicts a flowchart representing an exemplary method 1200 of annotating medical
images, in accordance with some aspects.

[0198] As described below in detail, method 1300 may enable an image capture and display
system to capture a medical image (e.g., a frame from a medical video) using a handheld image

capture and pointing device; to display said medical image on a display assembly; to determine a
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location in said image displayed on said display assembly at which the handheld device is pointed;
and to generate and store annotation data associated with a region of interest defined in the image
at the location at which the handheld device is pointed.

[0199] In this example, method 1300 may be carried out, in whole or in part, by one or more of
the components of a system for medical image capture, display, manipulation, annotation, and
analysis, such as system 100 described above with respect to FIG. 1. Any one or more of the
aspects of method 1300 may be combined, in whole or in part, with any one or more of the aspects
of FIG. 1, and/or with any one or more of the systems, methods, devices, and/or techniques
described elsewhere herein.

[0200] At block 1302, in this example, the system may capture a first image in a first spectrum
using a handheld image capture and pointing device. In the example of system 100, image capture
and pointing device 102 may capture an image of tissue of a patient. The first captured image may
be a standalone still image; alternatively, the first captured image may be a frame of a series of
video frames. The first captured image may be an image captured in one or a plurality of spectra
in which the image capture device is configured to operate; for example, the captured image may
be a white light image.

[0201] The first captured image may be processed locally and/or transmitted for remote
processing. In the example of FIG. 1, the first captured image may be transmitted (by wired or
wireless network communication) to image processing and display engine 106 (where it may be
processed and/or caused to be displayed by display assembly 104).

[0202] In this example, capturing the image at block 1302 may share any one or more
characteristics in common with capturing an image as described above with reference to block
1002 of method 1000.

[0203] At block 1304, in this example, the system may display the first image using a display of
a display assembly. In the example of system 100, the image may be displayed by image
processing and display engine 106 causing display 104a of display assembly 104 to display the
captured image. Displaying the image at block 1304 may share any one or more characteristics in
common with displaying a captured image as described above with reference to block 1004 of
method 1000.

[0204] At block 1306, in this example, while the first image is displayed on the display of the

display assembly, the system may determine a location on the display assembly at which the
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handheld image capture device is aimed, wherein the location on the display assembly corresponds
to a region in the first image, wherein the region in the first image comprises a target tissue area.
In the example of system 100, said determination may be made by image processing and display
engine 106. The system may make said determination based on one or more sensors onboard the
handheld device (e.g., gyroscope, accelerometer, compass), based on video processing of video
captured by the handheld device, and/or based on optically detecting and analyzing light emitted
by one or more beacons of the display assembly on which the image is displayed. Making said
determination may share any one or more characteristics in common with determining a location
at which a handheld device is aimed as described above with reference to FIGS. 2-9 and blocks
1006-1010 of method 1000.

[0205] At block 1308, in this example, the system may, in response to detecting a user input and
determining the location on the display assembly, generate and store annotation data associated
with the target tissue area. In the example of system 100, image processing and display engine
106 may detect a user input, such as a button on handheld device 102 or elsewhere being pressed,
and may responsively generate and store annotation data associated with the target tissue area. As
discussed above, the annotation data may include a bounding box or other indication of the portion
of the image corresponding to the region of interest and may further include metadata regarding
the tissue area, procedure, patient, practitioner, time stamp data, label data, and/or unique identifier
data. Said annotation data may be stored in association with and/or as a part of the annotated
image and/or a video of which the annotated image is a frame.

[0206] Blocks 1310 and 1318 describe how method 1300 may include frame-synchronized
tracking techniques similar to those described above with respect to method 1200. For example,
a tissue feature associated with a region of interest that is tagged for tissue tracking by a surgeon
may be tracked in video and/or analyzed/visualized in a corresponding video in a different
spectrum using the same or similar techniques as described above with respect to method 1200.
[0207] At block 1310, in this example, the system may capture a second image in a second
spectrum using the handheld image capture and pointing device. In the example of system 100,
image capture and pointing device 102 may capture the second image of tissue of the patient. The
second image may be an image captured in a different spectrum than the first image; for example,

the second image may be an IR image. Capturing the second image at block 1310 may share any
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one or more characteristics in common with capturing a captured image as described above with
reference to block 1018 of method 1000.

[0208] Atblock 1312, in this example, the system may, in response to detecting a user input and
determining the location on the display assembly, identify a region of interest in one or more
frames of a series of video frames of which the second image is a part, and apply an image analysis
algorithm, data extraction operation, and/or visualization operation to the region of interest in the
one or more frames of the series of video frames of which the second image is a part. In the
example of system 100, said user input detection, region identification, image analysis, data
extraction, and/or visualization may be performed by image processing and display engine 106. A
surgeon or other practitioner may accordingly tag a region of interest in a frame of a white light
video, and the system may then track a tissue feature in the region of interest in the white light
video and determine a spatially corresponding region in one or more frames of a frame-

synchronized IR video for visualization, data extraction, and/or analysis of the IR video.

Exemplary Computer

[0209] FIG. 14 illustrates a computer, in accordance with some aspects. Computer 1400 can be a
component of a system for medical image capture, display, manipulation, annotation, and/or
analysis, such as system 100 and/or any of its subcomponents described above with respect to FIG.
1. Computer 1400 may be configured to execute a method for medical image capture, display,
manipulation, annotation, and/or analysis, such as all or part of any one or more of methods 1000,
1200, and 1300 described above with respect to FIGS. 10, 12, and 13.

[0210] Computer 1400 can be a host computer connected to a network. Computer 1400 can be a
client computer or a server. As shown in FIG. 14, computer 1400 can be any suitable type of
microprocessor-based device, such as a personal computer; workstation; server; or handheld
computing device, such as a phone or tablet. The computer can include, for example, one or more
of processor 1410, input device 1420, output device 1430, storage 1440, and communication
device 1460.

[0211] Input device 1420 can be any suitable device that provides input, such as a touch screen or
monitor, keyboard, mouse, or voice-recognition device. Output device 1430 can be any suitable

device that provides output, such as a touch screen, monitor, printer, disk drive, or speaker.
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[0212] Storage 1440 can be any suitable device that provides storage, such as an electrical,
magnetic, or optical memory, including a RAM, cache, hard drive, CD-ROM drive, tape drive, or
removable storage disk. Communication device 1460 can include any suitable device capable of
transmitting and receiving signals over a network, such as a network interface chip or card. The
components of the computer can be connected in any suitable manner, such as via a physical bus
or wirelessly. Storage 1440 can be a non-transitory computer-readable storage medium comprising
one or more programs, which, when executed by one or more processors, such as processor 1410,
cause the one or more processors to execute methods described herein, such as all or part of any
one or more of methods 1000, 1200, and 1300 described above with respect to FIGS. 10, 12, and
13.

[0213] Software 1450, which can be stored in storage 1440 and executed by processor 1410, can
include, for example, the programming that embodies the functionality of the present disclosure
(e.g., as embodied in the systems, computers, servers, and/or devices as described above). Software
1450 can be implemented and executed on a combination of servers such as application servers
and database servers.

[0214] Software 1450 can also be stored and/or transported within any computer-readable storage
medium for use by or in connection with an instruction execution system, apparatus, or device,
such as those described above, that can fetch and execute instructions associated with the software
from the instruction execution system, apparatus, or device. In the context of this disclosure, a
computer-readable storage medium can be any medium, such as storage 1440, that can contain or
store programming for use by or in connection with an instruction execution system, apparatus, or
device.

[0215] Software 1450 can also be propagated within any transport medium for use by or in
connection with an instruction execution system, apparatus, or device, such as those described
above, that can fetch and execute instructions associated with the software from the instruction
execution system, apparatus, or device. In the context of this disclosure, a transport medium can
be any medium that can communicate, propagate, or transport programming for use by or in
connection with an instruction execution system, apparatus, or device. The transport-readable
medium can include, but is not limited to, an electronic, magnetic, optical, electromagnetic, or

infrared wired or wireless propagation medium.
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[0216] Computer 1400 may be connected to a network, which can be any suitable type of
interconnected communication system. The network can implement any suitable communications
protocol and can be secured by any suitable security protocol. The network can comprise network
links of any suitable arrangement that can implement the transmission and reception of network
signals, such as wireless network connections, T1 or T3 lines, cable networks, DSL, or telephone
lines.

[0217] Computer 1400 can implement any operating system suitable for operating on the network.
Software 1450 can be written in any suitable programming language, such as C, C++, Java, or
Python. In various aspects, application software embodying the functionality of the present
disclosure can be deployed in different configurations, such as in a client/server arrangement or
through a Web browser as a Web-based application or Web service, for example.

[0218] The foregoing description, for the purpose of explanation, has been described with
reference to specific aspects. However, the illustrative discussions above are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Many modifications and
variations are possible in view of the above teachings. The aspects were chosen and described in
order to best explain the principles of the techniques and their practical applications. Others skilled
in the art are thereby enabled to best utilize the techniques and various aspects with various
modifications as are suited to the particular use contemplated.

[0219] Although the disclosure and examples have been fully described with reference to the
accompanying figures, it is to be noted that various changes and modifications will become
apparent to those skilled in the art. Such changes and modifications are to be understood as being
included within the scope of the disclosure and examples as defined by the claims. Finally, the
entire disclosure of the patents and publications referred to in this application are hereby

incorporated herein by reference.
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CLAIMS

1. A surgical image capture and display system, comprising:
a handheld image capture and pointing device, the handheld device comprising an image
sensor configured to detect white light and infrared light;
a display assembly configured to display one or more images captured by the handheld
device; and
one or more processors configured to cause the system to:
capture, by the image sensor of the handheld device, an image;
display, by a display of the display assembly, a graphical user interface
comprising the image;
while the graphical user interface is displayed by the display, detect, by the image
sensor, light emitted by one or more beacons of the display assembly;
determine, based on the light emitted by the one or more beacons of the display
assembly, a position or orientation of the handheld device relative to the display assembly; and
update display of the graphical user interface comprising the image in accordance

with the position or orientation of the handheld device.

2. The system of claim 1, wherein determining the position or orientation comprises

determining a distance from the display assembly to the handheld device.

3. The system of any one of claims 1-2, wherein determining the position or orientation
comprises determining an offset angle of the handheld device with respect to a plane intersecting
the display assembly at a right angle along a line from the top center of the display assembly to

the bottom center of the display assembly.

4. The system of any one of claims 1-3, wherein determining the position or orientation

comprises determining both the position and the orientation of the handheld device.

3. The system of any one of claims 1 to 4, wherein determining the position or orientation

comprises determining a location on the display at which the handheld device is aimed.
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6. The system of any one of claims 1-5, wherein determining the orientation comprises
determining a rotational orientation of the handheld device with respect to a line along which the

handheld device is aimed.

7. The system of any one of claims 1-6, wherein capturing the image is performed prior to

detecting the light emitted by the one or more beacons.

8. The system of any one of claims 1-7, wherein:

the system is configured to operate in an image capture mode in which the image is
captured and stored by the system; and

the system is configured to operate in an image manipulation mode in which the image is
displayed on the display and the graphical user interface accepts one or more inputs for
manipulation of the image, wherein the one or more inputs are executed via the handheld device

and based at least in part on the determined position or orientation of the handheld device.

9. The system of any one of claims 1-8, wherein updating the graphical user interface
comprises displaying a cursor on the graphical user interface at a location on the display at which

the handheld device is determined to be aimed.

10. The system of any one of claims 1-9, wherein updating the graphical user interface
comprises generating and displaying an annotation on the displayed image at a location on the

display at which the handheld device is determined to be aimed.

1. The system of any one of claims 1-10, wherein updating the graphical user interface
comprises rotating an image annotation in accordance with the orientation of the handheld

device.
12. The system of any one of claims 1-11, wherein updating the graphical user interface

comprises modifying a zoom level at which the image is displayed in accordance with the

position or orientation of the handheld device.
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13. The system of any one of claims 1-12, wherein updating the graphical user interface
comprises modifying a size of an image annotation in accordance with the position or orientation

of the handheld device.

14. The system of any one of claims 1-13, wherein updating the graphical user interface
comprises setting a font size for the graphical user interface in accordance with the position or

orientation of the handheld device.

15. The system of any one of claims 1-14, wherein updating the graphical user interface
comprises displaying a notification based on an offset angle determined in accordance with the

determined position or orientation of the handheld device.

16. The system of any one of claims 1-15, wherein the one or more processors are configured
to cause the system to:

in accordance with the determined position or orientation of the handheld device, identify
a first region of interest of the image; and

apply one or more of a tracking algorithm and an image analysis algorithm to the first

region of interest of the image.

17. The system of claim 16, wherein:
the image is captured by the image capture and pointing device in a first spectrum; and
the one or more processors are configured to cause the system to:
capture, by the image capture and pointing device, a second image in a second
spectrum; and
apply one or more of the tracking algorithm and the image analysis algorithm to a
second region of interest corresponding to the first region of interest, wherein the second region

of interest is in the second image.

18. The system of any one of claims 1-17, wherein determining the position or orientation of
the handheld device is further based on data received from a sensor onboard the handheld device,

wherein the sensor comprises one or more of an accelerometer, a gyroscope, and a compass.
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19. The system of any one of claims 1-18, wherein determining the position or orientation of

the handheld device is further based on processing video frames captured by the image sensor.

20. The system of claim 19, wherein processing video frames comprises applying an optical

flow algorithm to track a direction of movement in the video frames.

21. The system of any one of claims 1-20, wherein the image is captured by the image sensor

as part of a time-series of video frames.

22. The system of any one of claims 1-21, wherein the image is one of a white-light image

and a fluorescence image.

23. The system of any one of claims 1-22, wherein detecting the light emitted by the one or

more beacons of the display assembly is performed by the image sensor of the handheld device.

24. The system of any one of claims 1-23, wherein the light emitted by the one or more

beacons is infrared light.

25. The system of any one of claims 1-24, wherein the one or more beacons are positioned

proximate to a periphery of the display in respective fixed locations relative to the display.

26. A computer program product including computer implementable instructions configured
to be executed by one or more processors of a surgical image capture and display system
comprising (a) a handheld image capture and pointing device, the handheld device comprising an
image sensor configured to detect white light and infrared light and (b) a display assembly
configured to display one or more images captured by the handheld device, wherein executing
the instructions causes the system to:

capture, by the image sensor of the handheld device, an image;

display, by a display of the display assembly, a graphical user interface comprising the

image;

49



WO 2022/087623 PCT/US2021/071977

while the graphical user interface is displayed by the display, detect, by the image sensor,
light emitted by one or more beacons of the display assembly;

determine, based on the light emitted by the one or more beacons of the display
assembly, a position or orientation of the handheld device relative to the display assembly; and

update display of the graphical user interface comprising the image in accordance with

the position or orientation of the handheld device.

27. A surgical image capture and display method, the method performed at a surgical image
capture and display system comprising (a) a handheld image capture and pointing device, the
handheld device comprising an image sensor configured to detect white light and infrared light,
(b) a display assembly configured to display one or more images captured by the handheld
device, and (c) one or more processors, the method comprising:

capturing, by the image sensor of the handheld device, an image;

displaying, by a display of the display assembly, a graphical user interface comprising the
image;

while the graphical user interface is displayed by the display, detecting, by the image
sensor, light emitted by one or more beacons of the display assembly;

determining, based on the light emitted by the one or more beacons of the display
assembly, a position or orientation of the handheld device relative to the display assembly; and

updating display of the graphical user interface comprising the image in accordance with

the position or orientation of the handheld device.

28. A medical video analysis system, comprising:
an image capture device configured to detect white light and infrared light;
a display assembly configured to display one or more images captured by the handheld
device; and
one or more processors configured to cause the system to:
capture a first series of video frames of target tissue in a first spectrum;
capture a second series of video frames of the target tissue in a second spectrum,
wherein the second series of video frames is captured simultaneously with capturing of the first

series of video frames;
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identify a first region of interest in one or more frames of the first series of video
frames, the first region of interest corresponding to a first feature of the target tissue;

apply a tracking algorithm to track the first feature of the target tissue in the first
series of video frames, wherein the tracking algorithm is configured to track the first feature of
the target tissue independently from tracking of surrounding tissue; and

identify a second region of interest in one or more frames of the second series of
video frames based on the tracking algorithm applied to the first series of video frames, the

second region of interest corresponding to the first feature of the target tissue.

29. The system of claim 28, wherein the one or more processors are configured to cause the
system to apply an image analysis algorithm to the second region of interest in the one or more

frames of the second series of video frames.

30. The system of any one of claims 28-29, wherein the one or more processors are

configured to cause the system to visualize the second region of interest.

31. The system of any one of claims 28-30, wherein:

the first and second series of video frames capture a first period of time during which a
fluorescence dye is not present in the target tissue and a second period of time during which the
fluorescence dye is present in the target tissue;

the tracking algorithm is applied to a first set of frames, corresponding to both the first
period of time and the second period of time, from the first series of video frames; and

the one or more frames of the second series of video frames to which an image analysis

algorithm are applied are corresponding to the second period of time.

32. The system of claim 31, wherein the one or more frames of the first series of video

frames in which the first region of interest is identified correspond to the first period of time.

33. The system of any one of claims 28-32, wherein the one or more processors are

configured to cause the system to:
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identify a third region of interest in one or more frames of the first series of video frames,
the third region of interest corresponding to a second feature of the target tissue;

apply the tracking algorithm to track the second feature of the target tissue in the first
series of video frames, wherein the tracking algorithm is configured to track the second feature
of the target tissue independently from tracking of the surrounding tissue; and

identify a fourth region of interest in one or more frames of the second series of video
frames based on the tracking algorithm applied to the first series of video frames, the fourth

region of interest corresponding to the second feature of the target tissue.

34. The system of any one of claims 28-33, wherein the image capture device comprises a
first image sensor configured to capture the video frames of the first spectrum and a second

image sensor configured to capture the video frames of the second spectrum.

35. The system of any one of claims 28-34, wherein the image capture device comprises a
first image sensor configured to capture the video frames of the first spectrum and the video

frames of the second spectrum.

36. The system of any one of claims 28-35, wherein identifying the first region of interest
corresponding to the first feature of the target tissue comprises identifying the first feature of the

target tissue by image analysis of one or more frames of the first series of video frames.

37. The system of any one of claims 28-36, wherein identifying the first region of interest
corresponding to the first feature of the target tissue comprises receiving a user input specifying

the first region of interest.

38. The system of claim 37, wherein receiving the user input specifying the first region of
interest comprises determining a location on a display at which the image capture device is
aimed, wherein the location on the display is displaying the first region of interest at a time at
which the image capture device is aimed at the location on the display.

39. The system of any one of claims 28-38, wherein the first spectrum is a visible light

spectrum.
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40. The system of any one of claims 28-39, wherein the second spectrum is a NIR infrared
spectrum.
41. A computer program product including computer implementable instructions configured

to be executed by one or more processors of a medical video analysis system comprising an
image capture device configured to detect white light and infrared light and a display assembly
configured to display one or more images captured by the handheld device, wherein executing
the instructions causes the system to:

capture a first series of video frames of target tissue in a first spectrum;

capture a second series of video frames of the target tissue in a second spectrum, wherein
the second series of video frames is captured simultaneously with capturing of the first series of
video frames;

identify a first region of interest in one or more frames of the first series of video frames,
the first region of interest corresponding to a first feature of the target tissue;

apply a tracking algorithm to track the first feature of the target tissue in the first series of
video frames, wherein the tracking algorithm is configured to track the first feature of the target
tissue independently from tracking of surrounding tissue; and

identify a second region of interest in one or more frames of the second series of video
frames based on the tracking algorithm applied to the first series of video frames, the second

region of interest corresponding to the first feature of the target tissue.

42. A medical video analysis method, the method performed at a medical video analysis
system comprising an image capture device configured to detect white light and infrared light, a
display assembly configured to display one or more images captured by the handheld device, and
one or more processors, the method comprising:

capturing a first series of video frames of target tissue in a first spectrum;

capturing a second series of video frames of the target tissue in a second spectrum,
wherein the second series of video frames is captured simultaneously with capturing of the first

series of video frames;
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identifying a first region of interest in one or more frames of the first series of video
frames, the first region of interest corresponding to a first feature of the target tissue;

applying a tracking algorithm to track the first feature of the target tissue in the first series
of video frames, wherein the tracking algorithm is configured to track the first feature of the
target tissue independently from tracking of surrounding tissue; and

identifying a second region of interest in one or more frames of the second series of video
frames based on the tracking algorithm applied to the first series of video frames, the second

region of interest corresponding to the first feature of the target tissue.

43. An image capture and display system for tissue sample tracking, comprising:
a handheld image capture and pointing device;
a display assembly configured to display one or more images captured by the handheld
device; and
one or more processors configured to cause the system to:
capture, by the image capture and pointing device, an image;
display, by a display of the display assembly, the image;
while the image is displayed by the display, determine a location on the display
assembly at which the handheld device is aimed, wherein the location on the display corresponds
to a region in the displayed image, wherein the region in the displayed image comprises a target
tissue area; and
in response to detecting a user input and determining the location on the display

assembly, generate and store annotation data associated with the target tissue area.

44. The system of claim 43, wherein the annotation data comprises data indicating a region

of interest in the image.

45. The system of any one of claims 43-44, wherein the annotation data comprises a label for

the target tissue area generated based on the user input.

46. The system of any one of claims 43-45, wherein the annotation data comprises time-

stamp data generated based on a time-stamp of the image displayed on the display assembly.
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47. The system of any one of claims 43-46, wherein the annotation data comprises a unique

identifier automatically generated by the system.

48. The system of any one of claims 43-47, wherein the annotation data is stored in

association with a tissue sample taken from the target tissue area.

49. The system of any one of claims 43-48, wherein the annotation data is stored in
association with pathology results data associated with the tissue sample taken from the target

tissue area.

50. The system of any one of claims 43-49, wherein:
the image is captured by the image capture and pointing device, as part of a first time
series of video frames of the target tissue in a first spectrum; and
the one or more processors cause the system to:
capture, by the image capture and pointing device, a second time series of video
frames of the target tissue in a second spectrum; and
in response to detecting a user input and in accordance with the determined
location on the display assembly, identify a region of interest in one or more frames of the
second series of video frames and apply an image analysis algorithm to the region of interest in

the one or more frames of the second series of video frames.

51. A computer program product including computer implementable instructions configured
to be executed by one or more processors of a system for image capture and display for tissue
sample tracking comprising a handheld image capture and pointing device and a display
assembly configured to display one or more images captured by the handheld device, wherein
executing the instructions causes the system to:

capture, by the image capture and pointing device, an image;

display, by a display of the display assembly, the image;

while the image is displayed by the display, determine a location on the display assembly

at which the handheld device is aimed, wherein the location on the display corresponds to a
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region in the displayed image, wherein the region in the displayed image comprises a target
tissue area; and
in response to detecting a user input and determining the location on the display

assembly, generate and store annotation data associated with the target tissue area.

52. A method for image capture and display for tissue sample tracking, the method
performed at a system for image capture and display for tissue sample tracking comprising a
handheld image capture and pointing device, a display assembly configured to display one or
more images captured by the handheld device, and one or more processors, the method
comprising:

capturing, by the image capture and pointing device, an image;

displaying, by a display of the display assembly, the image;

while the image is displayed by the display, determining a location on the display
assembly at which the handheld device is aimed, wherein the location on the display corresponds
to a region in the displayed image, wherein the region in the displayed image comprises a target
tissue area; and

in response to detecting a user input and determining the location on the display

assembly, generating and storing annotation data associated with the target tissue area.
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a surgical image capture and display system comprising a
handheld device comprising an image sensor configured to
detect white light and infrared light; one or more
processors configured to cause the system to: capture, by
the image sensor of the handheld device, an image; display,
by a display of the display assembly, a graphical user
interface comprising the image; while the graphical user
interface is displayed by the display, detect, by the image
sensor, light emitted by one or more beacons of the display
assembly; determined, based on the light emitted by the one
or more beacons of the display assembly, a position or
orientation of the handheld device relative to the display
assembly; and update display of the graphical user interface
comprising the image in accordance with the position or
orientation of the handheld device. Furthermore, it
comprises a computer program including computer
implementable instructions configured to be executed by one
or more of the processors of the system as well as its
method.

2. claims: 28-42

a medical video analysis system, comprising: one or more
processors configured to cause the system to capture a first
series of video frames of target tissue in a first spectrum;
capture a second series of video frames of the target tissue
in a second spectrum, wherein the second series of video
frames is captured simultaneously with capturing of the
first series of video frames; identify a first region of
interest in one or more frames of the first series of video
frames, the first region of interest corresponding to a
first feature of the target tissue; apply a tracking
algorithm to track the first feature of the target tissue in
the first series of video frames, wherein the tracking
algorithm is configured to track the first feature of the
target tissue independently from tracking of surrounding
tissue; and identify a second region of interest in one or
more frames of the second series of video frames based on
the tracking algorithm applied to the first series of wvideo
frames, the second region of interest corresponding to the
first feature of the target tissue.

3. claims: 43-52

an image capture and display system for sample tracking,
comprising: one or more processors configured to cause the
system to: capture, by the image capture and pointing
device, an image; display, by a display of the display
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assembly, the image; while the image is displayed by the
display, determine a location on the display assembly at
which the handheld device is aimed, wherein the location on
the display corresponds to a region in the displayed image,
wherein the region in the displayed image comprises a target
tissue area; and in response to detecting a user input and
determining the location on the display assembly, generate
and store annotation data associated with the target tissue
area. Furthermore, it comprises a computer program including
computer implementable instructions configured to be
executed by one or more of the processors of the system as
well as its method.
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