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IMPROVING SURGICAL VIDEO CONSUMPTION BY IDENTIFYING
USEFUL SEGMENTS IN SURGICAL VIDEOS

FIELD

[0001] The present application generally relates to video processing, and
more particularly relates to identifying useful video segments in surgical videos

using video processing techniques to improve the consumption of surgical videos.
BACKGROUND

[0002] As robotic surgeries become more and more popular, a large volume
of surgical videos are being recorded every day, especially for laparoscopic
surgeries. These videos contain valuable information and are important resources
for tasks such as surgery analysis and new surgeon training. However, surgical
procedures are typically long (on the order of hours) and the corresponding videos
are rarely watched in their entireties because surgeons do not have time to watch
the hour-long video and also because not everything in the surgical video is worth
watching. For example, tasks such as dissecting adhesion or suturing take a long
time but are repetitive and may be uninteresting. It is thus not worth watching

the portion of the video involving these operations.
SUMMARY

[0003] Various examples are described for identifying useful segments of
surgical videos for efficient consumption of the surgical videos. One example
method includes accessing a video of a surgical procedure; accessing user activities
of a plurality of users who have watched the video of the surgical procedure, the
user activities comprising operations performed during playback of the video;
dividing the video into a plurality of segments; determining a popularity score for
each of the plurality of segments based on the operations; identifying one or more
useful segments from the plurality of segments based on the popularity scores;
generating metadata for the video of the surgical procedure to include an
indication of the identified one or more useful segments; and associating the
metadata with the video of the surgical procedure.

[0004] Another method includes accessing a plurality of videos of a surgical
procedure; normalizing the plurality of videos to identify corresponding segments

of the plurality of videos; determining, for each video of the plurality of videos, a
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plurality of video segments; identifying one or more useful segments in the
plurality of videos based on common characteristics between corresponding video
segments of the plurality of videos or based on different characteristics between
corresponding video segments of the plurality of videos; and generating metadata
for the plurality of videos of the surgical procedure to include an indication of the
identified one or more useful segments; and associating the metadata with the
plurality of videos of the surgical procedure.

[0005] Another method includes accessing a video; monitoring operations
performed by a plurality of users during playback of the video for each respective
user of the plurality of users; identifying one or more useful segments from the
video based on the operations; generating metadata for the video to include an
indication of the identified one or more useful segments; and associating the
metadata with the video.

[0006] One computing device includes a processor; and a non-transitory
computer-readable medium having processor-executable instructions stored
thereupon, which, when executed by the processor, cause the processor to: access
a video of a surgical procedure; access user activities of a plurality of users who
have watched the video of the surgical procedure, the user activities comprising
operations performed during playback of the video; divide the video into a plurality
of segments; determine a popularity score for each of the plurality of segments
based on the operations; identify one or more useful segments from the plurality
of segments based on the popularity scores; generate metadata for the video of the
surgical procedure to include an indication of the identified one or more useful
segments; and associate the metadata with the video of the surgical procedure.
[0007] One non-transitory computer-readable medium includes processor-
executable instructions to cause a processor to access a plurality of videos of a
surgical procedure; normalize the plurality of videos to identify corresponding
segments of the plurality of videos; determine, for each video of the plurality of
videos, a plurality of video segments; identify one or more useful segments in the
plurality of videos based on common characteristics between corresponding video
segments of the plurality of videos or based on different characteristics between
corresponding video segments of the plurality of videos; generate metadata for the

plurality of videos of the surgical procedure to include an indication of the
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identified one or more useful segments; and associate the metadata with the
plurality of videos of the surgical procedure.

[0008] These illustrative examples are mentioned not to limit or define the
scope of this disclosure, but rather to provide examples to aid understanding
thereof. Illustrative examples are discussed in the Detailed Description, which
provides further description. Advantages offered by various examples may be

further understood by examining this specification.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorporated into and
constitute a part of this specification, illustrate one or more certain examples and,
together with the description of the example, serve to explain the principles and
implementations of the certain examples.

[0010] Figure 1 shows an example of a surgical video consumption
environment where useful segments of surgical videos can be identified and used
to facilitate users to efficiently consume surgical videos;

[0011] Figure 2 is a block diagram illustrating aspects of a video analysis
and management module configured to identify useful segments from the surgical
videos;

[0012] Figure 3A shows an example of a diagram indicating the popularity
of portions of a surgical video based on activities of users who have watched the
surgical video;

[0013] Figure 3B shows an example of a diagram indicating the popularity
of portions of a surgical video that has been bookmarked by users who have
watched the surgical video;

[0014] Figure 4 shows an example of identifying useful segments based on
multiple surgical videos;

[0015] Figure 5 shows an example data structure of a data entry in the
useful segment information built based on useful segments identified from surgical
videos;

[0016] Figure 6 shows an example of a process for identifying useful
segments in a surgical video and serving the useful segments for consumption by

users;
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[0017] Figure 7 shows an example of a process for identifying useful
segments in multiple surgical videos and serving the useful segments for
consumption by users; and

[0018] Figure 8 shows an example of a computing device suitable for

implementing aspects of the techniques and technologies presented herein.
DETAILED DESCRIPTION

[0019] Examples are described herein in the context of identifying useful
segments in surgical videos and providing useful segments to users for efficient
surgical video consumption. Those of ordinary skill in the art will realize that the
following description is illustrative only and is not intended to be in any way
limiting. Reference will now be made in detail to implementations of examples as
illustrated in the accompanying drawings. The same reference indicators will be
used throughout the drawings and the following description to refer to the same or
like items.

[0020] In the interest of clarity, not all of the routine features of the
examples described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
specific goals, such as compliance with application and business-related
constraints, and that these specific goals will vary from one implementation to
another and from one developer to another.

[0021] In an illustrative example of identifying useful segments in a
surgical video, a video analysis and management system obtains or otherwise
accesses a surgical video that contains useful segments that may be of interest to
a group of users, such as surgeons. For example, a useful segment includes a
portion of the surgical video that involves the use of a particular surgical tool or
the performance of a particular surgical task. The surgical video also contains
portions that are less useful to the group of users, such as repetitive tasks like
suturing. In order to automatically identify useful segments of the surgical video,
the video analysis and management system monitors, or cause to be monitored,
user activities associated with the video. The user activities include operations
performed during the playback of the surgical video by users who have watched
the surgical video, also referred to as viewers of the video. The operations include,

for example, starting and stopping the video, fast-forwarding through portions of
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the video, skipping portions of the video, replaying portions of the video, editing
the video, creating a clip from the video, commenting on the video or portions of
the video, bookmarking the video or portions of the video, or any combination of
these.

[0022] Based on the user activities, the video analysis and management
system compares the operations of the various users and identifies the segments
of the surgical video that are popular among these users as potentially useful
segments. A popularity score can be determined for each segment of the video
based on, for example, the number of users who have watched the segment, i.e. the
users did not skip or fast-forward while watching the segment. The popularity
score of a segment can also be determined based on the amount of time that these
users have spent watching the segment. For example, pausing, rewinding, or
reducing the playback speed increases the amount of time a user spent on the
segment and thus increases the popularity score of the segment. Other factors
such as whether the segment has been bookmarked or commented on, can also be
utilized to determine the popularity score of the segment. The video analysis and
management system determines a video segment as a useful segment if the
segment has the highest popularity score or its popularity score is higher than a
predetermined popularity threshold. The video analysis and management system
further generates metadata for the surgical video to include an indication of the
identified useful segments, and associate the metadata to the surgical video.
[0023] When a user requests to watch the surgical video, the video analysis
and management system satisfies the user request by generating and transmitting
an adapted surgical video including the useful segments. The video analysis and
management system also allows a user to specify in the request a watch time limit
indicating the maximum amount of time that the user will spend watching the
video. If the user’s request includes such a watch time limit, the video analysis
and management system generates the adapted surgical video by combing a proper
number of useful segments so that the time duration of the adapted surgical video
is no greater than the watch time limit. In addition, the video analysis and
management system can access user preferences to identify a subject that the user
is interested in watching and generates the adapted surgical video by including

useful segments that contain this particular subject.
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[0024] In an illustrative example of identifying useful segments from
multiple surgical videos, the video analysis and management system compares the
multiple surgical videos of a surgical procedure. The video analysis and
management system identifies useful segments in the videos based on common
characteristics between corresponding video segments of the videos or based on
different characteristics between corresponding video segments of the videos. The
commonality of or difference among the multiple surgical videos can be measured
based on the user activities with regard to the videos, or based on other
characteristics of the surgical videos, such as luminance values of video frames,
color values of the video frames, motion vectors of the video frame blocks, optical
flow analysis, etc., and any combination thereof.

[0025] Based on the identified useful segments, the video analysis and
management system generates a useful segment information so that the useful
segments can be easily identified and retrieved when needed. If a user requests to
watch surgical videos, the video analysis and management system uses the useful
segment information to retrieve the useful segments that satisfy the user request,
and generates an adapted surgical video based on the useful segments for the user.
If the user’s request includes a watch time limit specifying the maximum amount
of time that the user will spend on watching the video, the video analysis and
management system generates the adapted surgical video by combing a proper
number of useful segments so that the time span of the combined video is no
greater than the watch time limit. Similarly, if the user’s request, or the
preferences of the user in a user profile, specifies a subject that the user is
interested in watching, the video analysis and management system generates the
adapted surgical video by including useful segments of the video that contain this
particular subject.

[0026] The video analysis and management system can also handle
requests to download, to a robotic surgical system, surgical videos that are relevant
to an operation to be performed on the robotic surgical system. In response to such
a request, the video analysis and management system identifies, based on the
useful segment information, useful segments that are relevant to the surgical
operation and generates an adapted surgical video based on these useful segments.
In scenarios where the download request specifies a size limit of the downloaded

surgical video, the video analysis and management system selectively combines
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the useful segments so that the adapted surgical video has a size no greater than
the size limit.

[0027] The technology presented herein improves the content management
and the consumption of the large volume of surgical videos. Using the technology
presented herein, a large number of surgical videos can be efficiently analyzed,
segmented, scored, and identified as being relevant for particular surgical
procedures or tasks, and then made available for more efficient viewing to a
population of users. The analyzed surgical videos can be annotated with the
detected useful segments, thus allowing better indexing and organization of the
surgical videos and more efficient retrieval of relevant content. As a result, the
response speed to search queries can be increased, and the retrieval time of the
relevant portion of the surgical video can be reduced. In addition, by transmitting
short but highly relevant and useful video segments, rather than a long surgical
video, the technology presented herein significantly reduces the network resources
consumption, and also dramatically reduce the time needed by the users to
consume the surgical video. Other technical advantages other than those
mentioned herein can also be realized from implementations of the technologies
disclosed herein.

[0028] This illustrative example is given to introduce the reader to the
general subject matter discussed herein and the disclosure is not limited to this
example. The following sections describe various additional non-limiting and non-
exhaustive examples of identifying useful segments in surgical videos and
providing useful segments to users for efficient surgical video consumption.
[0029] Referring now to Figure 1, Figure 1 shows an example of an efficient
surgical video consumption environment 100 where useful segments of surgical
videos can be identified and used to facilitate users to consume surgical videos.
The efficient surgical video consumption environment 100 includes a video
analysis and management system 110 configured for storing and processing
surgical videos 106 to identify useful segments contained therein. The video
analysis and management system 110 is further configured to generate and
provide adapted surgical videos 128 for consumption upon request.

[0030] The efficient surgical video consumption environment 100 shown in
Figure 1 further includes robotic surgical systems 104A-104B, which may be

referred to herein individually as a robotic surgical system 104 or collectively as
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the robotic surgical systems 104. A robotic surgical system 104 might include (not
shown in Figure 1) a robotic surgical device configured to operate on a patient, a
central controller to control the robotic surgical device, and a surgeon
console connected to the central controller and the robotic surgical device that is
operated by a surgeon 102 to control and monitor the surgeries performed using
the robotic surgical device. The robotic surgical device can be any suitable robotic
system utilized to perform surgical procedures on a patient. The robotic surgical
device might be equipped with cameras, such as an endoscope camera, configured
to provide a view of the operating site to guide the surgeon during a surgery.
[0031] In some examples, the robotic surgical system 104 may be
configured to record data during surgical procedures including images and videos
of the surgical procedures performed by the robotic surgical device and captured
by the cameras. The robotic surgical system 104 can send the surgical videos 106
to the video analysis and management system 110 through a network 108 for
storage, analysis or other operations. The network 108 may be a LAN, a WAN, or
any other networking topology known in the art that connects the robotic surgical
systems 104 to the video analysis and management system 110.

[0032] The video analysis and management system 110 can generate and
provide a user interface, such as a web page, to allow a user 112 to request and
review the surgical videos 106 through a user computing device 114. The user 112
can be a surgeon, a nurse, a medical trainee, or any individual who is interested
in viewing the surgical videos 106. The user computing device 114 can be a
personal computer (‘PC”), a desktop workstation, a laptop, a notebook, a
smartphone, a wearable computing device (such as a smartwatch, a smart glass, a
virtual reality head-mounted display), a game console, a set-top box, a consumer
electronics device, a server computer, or any other computing device capable of
connecting to the network 108 and communicating with the video analysis and
management system 110.

[0033] To increase the efficiency of the user’s consumption of the surgical
videos 106, the video analysis and management system 110 further includes a
video analysis and management module 120. The video analysis and management
module 120 is configured to identify useful segments from the surgical videos 106
and annotate the surgical videos 106 to generate annotated surgical videos 118 to

include indications of the identified useful segments. The video analysis and
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management module 120 has access to a datastore 116 where the annotated
surgical videos 118 and other information can be stored.

[0034] In one example, the video analysis and management module 120
identifies the useful segments from surgical videos 106 based on user activities
122. The user activities 122 include operations performed by users who have
watched or otherwise accessed the surgical videos 106, i.e. the reviewers of the
surgical videos 106. The operations can include, for example, starting and stopping
the video, fast-forwarding the video, replaying the video, skipping the video, and
so on. The operations can further include editing the video, creating a clip from
the video or annotating the video such as commenting on the video, bookmarking
the video, or any combination thereof. These user activities 122 can be monitored
by the video analysis and management system 110 while the viewers watching or
accessing the surgical videos 106, or be collected by the video analysis and
management system 110 from devices where the user activities are recorded, such
as from user computing devices where the user watches or operates on the surgical
videos 106. The collected user activities 122 is also stored in the datastore 116.
[0035] The video analysis and management module 120 can utilize the user
activities 122 to identify useful segments in a single surgical video 106. For
example, the video analysis and management module 120 determines that a
segment of a surgical video 106 is a useful segment if it is watched by a majority
of viewers. On the other hand, if a segment is skipped by most of the viewers, the
video analysis and management module 120 determines that the segment is not a
useful segment. Other operations can be utilized to determine useful segments.
For example, operations on a segment such as uninterrupted playback of the
segment, replaying the segment, bookmarking the segment, commenting on the
segment are indicative of the segment being a useful segment whereas fast
forwarding, skipping, etc. are not indicative of the segment not being a useful
segment. Additional examples of utilizing user activities 122 to determine useful
segments are provided in Figures 2-4.

[0036] Likewise, the video analysis and management module 120 can also
determine useful segments from multiple surgical videos 106 based on the user
activities 122. The video analysis and management module 120 can identify the
commonality in the user activities to determine useful segments. For example,

portions of the multiple surgical videos that have common characteristics can be
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identified as useful segments of the surgical videos. The video analysis and
management system can also determine difference among the surgical videos 106
to identify a portion of a surgical video that is different from other surgical videos
as a useful segment. Other characteristics of the surgical videos, such as
luminance values of video frames, color values of the video frames, motion vectors
of the video frame blocks, etc. can also be utilized to identify useful segments from
the surgical videos 106. Detailed examples of identifying useful segments from
multiple surgical videos 106 are described below with regard to Figures 2, 4 and 7.
[0037] The video analysis and management module 120 further annotates
the surgical videos 106 to include indications of the identified useful segments to
generate annotated surgical videos 118. For example, the video analysis and
management module 120 generates, and associate with a surgical video 106,
metadata specifying the start and end time of each of the identified useful
segments. In addition, or alternatively, the video analysis and management
module 120 can change the content of the surgical video 106 to provide indications
of the useful segment, such as by inserting one or more frames before the start
frame of the useful segment to identify the useful segment, or by adding text or
graphics, e.g., overlay text, to one or more frames of the useful segments to
distinguish the useful segments from the rest frames of the surgical video.
Various other mechanisms can be utilized to generate the annotated surgical
videos 118 to indicate the identified useful segments.

[0038] Based on the identified useful segments, the video analysis and
management module 120 generates useful segment information 126 to facilitate
finding relevant useful segments in response to requests for a surgical video. The
useful segment information 126 can include the information about the useful
segments, such as the subject covered by a useful segment, the time duration of
the useful segment, start or end time of the useful segment, the confidence level of
the useful segment, and other information. Detailed examples of the useful
segment information 126 are provided below with regard to Figure 5.

[0039] The annotated surgical videos 118 and the identified useful
segments contained therein are then utilized to improve the consumption of the
surgical videos 106. For example, the video analysis and management system 110
can provide a user interface where users can request to view the surgical videos

106. A user 112, such as a surgeon, who has not watched the surgical videos 106
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can send a request through the user interface using the user computing device 114
to request the surgical video 106. Upon receiving the request, the video analysis
and management system 110 generates and sends an adapted surgical video 128
based on the identified useful segments of the surgical video 106, instead of
sending the surgical video 106 itself. For example, the video analysis and
management system 110 can include all the useful segments of the surgical video
106 in the adapted surgical video 128 and exclude at least some portions of the
surgical video 106 that are not useful segments. As a result, the adapted surgical
video 128 is much shorter than the original surgical video 106 but contains as much
useful information as the surgical video 106.

[0040] In addition, the user 112 can specify in the request for video, e.g.
through the user interface provided by the video analysis and management system
110, a watch time limit. The watch time limit defines the maximum amount of
time that the user will spend watching the video. For example, the user 112 can
specify that he only has 10 minutes to watch a surgical video 106 whose original
time duration is 3 hours. Based on this watch time limit, the video analysis and
management system 110 selects a proper number of useful segments to include in
the adapted surgical video 128 so that the time duration of the adapted surgical
video 128 is no greater than the watch time limit.

[0041] The user interface provided by the video analysis and management
system 110 can also allow the user to request surgical videos without specifying a
particular surgical video. The user 112 may include, in the request, the subject
that he or she is interested in watching and the watch time limit. For instance,
the user may specify that “I want to improve my suturing skills" or "I want to
become proficient at performing partial nephrectomies.” Upon receiving the
request, the video analysis and management module 120 searches the useful
segment information 126 to identify useful segments that contain the same or
similar subject as specified in the request. An adapted surgical video 128 is then
generated by combining a proper number of these useful segments so that the time
duration of the adapted surgical video 128 is no greater than the watch time limit.
For example, if the user specifies that he is interested in watching videos to learn
how to perform gastric bypass, the video analysis and management module 120

will select the useful segments that involve gastric bypass operations and generate
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an adapted surgical video 128 with back to back video clips on gastric bypass
operations.

[0042] When retrieving useful segments that satisfy the user request, the
video analysis and management module 120 may also access user profiles 124,
which can also be stored in the datastore 116. A user profile 124 includes
information about a particular user, such as the name of the user, the role of the
user (e.g. a surgeon, a nurse, a management personnel or another type of role), the
expertise of the user (e.g. the surgeon is a bariatric surgeon), the style of the user
(e.g. the surgeon always takes a long time suturing or the surgeon has performed
300 prostatectomies last year), and the preferences of the user (such as the
historical watch time limit, the subjects that the user is interested in, and so on).
By accessing the user profile 124, the video analysis and management module 120
can provide suggestions to the user to watch the surgical video, such as “do you
want to improve your suturing skills or would you rather learn how to perform a
gastric bypass.” Based on the user’s response, the video analysis and management
module 120 selects the useful segments that are of interest to the user even if the
user does not explicitly specify that interest in the original request.

[0043] The video analysis and management system 110 can also be
configured to handle downloading request from a robotic surgical system 104. The
video analysis and management system 110 may provide a user interface or an
API to allowing users or systems to submit download requests. For example, a
robotic surgical system 104 may send a request to the video analysis and
management system 110 to request surgical videos that involve the surgical
operations to be performed on the requesting robotic surgical system 104. The
request may further specify a size of the data that can be downloaded to the robotic
surgical system 104. Based on the surgical operations and the size of the data, the
video analysis and management module 120 selects proper useful segments and to
generate an adapted surgical video 128 containing the selected useful segments for
the robotic surgical system 104 to download.

[0044] For example, if a surgeon is planning to perform a complex surgery
using the robotic surgical system 104, but does not know which of three techniques
should be used for a specific step, the robotic surgical system 104 could download
useful segments corresponding to the three techniques so that the surgeon can

choose the proper video during the operation. This is beneficial especially when
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the robotic surgical system 104 is no longer connected to the network 108 and the
videos would not be available otherwise.

[0045] Similar to the user profiles 124, the video analysis and management
system 110 may build and maintain system profiles (not shown in Figure 1) for the
robotic surgical systems 104. The system profile for a robotic surgical system 104
can include a schedule of the robotic surgical system 104 where a scheduler enters
information about the upcoming procedures (e.g., procedure type, surgical tools to
be used, patient name, surgeon name, patient height, weight, comorbidities, etc.).
Based on the schedule, the video analysis and management module 120
automatically selects the useful segments that are most relevant to the scheduled
procedures for the robotic surgical system 104 to download. For instance, if a new
surgical tool is going to be used in an upcoming procedure (as specified in the
schedule), the corresponding useful segment can be made available on the robotic
surgical system 104. The selection of the useful segments for the robotic surgical
system 104 can be further based on information such as the preferences of the
surgeon. The downloaded videos can be timely displayed on the robotic surgical
system 104 when the corresponding step is performed or the surgical tool is used.
[0046] It should be appreciated that while the video analysis and
management module 120 is illustrated as being separate from the robotic surgical
system 104, it can be implemented as a part of a robotic surgical system 104, for
example, to process the surgical videos 106 recorded by that robotic surgical
system 104, or surgical videos 106 recorded by other robotic surgical systems 104.
A user 112 can thus request the adapted surgical video 128 by interacting with the
robotic surgical system 104 directly or through a user computing device 114
communicatively connected to the robotic surgical system 104.

[0047] It should be further appreciated that while Figure 1 illustrates that
the same network 108 is utilized for the communication between the robotic
surgical system 104 and the video analysis and management system 110, and the
communication between the user computing device 114 and the video analysis and
management system 110, different networks can be employed. For example,
surgical videos 106 can be transmitted from the robotic surgical system 104 to the
video analysis and management system 110 over an intranet, whereas the adapted
surgical videos 128 can be transmitted from the video analysis and management

system 110 to the user computing device 114 over an external network with a
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secured channel. Likewise, the adapted surgical videos 128 can be downloaded by
the robotic surgical systems 104 over a different network.

[0048] Figure 2 shows a block diagram illustrating aspects of a video
analysis and management module 120 configured to identify useful segments from
the surgical videos 106. Figure 2 will be described below in conjunction with
Figures 3A, 3B and 4. As shown in Figure 2, the video analysis and management
module 120 includes a useful segment identifier 202 configured to identify useful
segments from surgical videos 106 and an indexer 204 configured to generate
useful segment information 126 for the identified useful segments and to annotate
the surgical videos 106. The video analysis and management module 120 shown
in Figure 2 further includes a search engine 206 configured to process a request
for video 220 and to identify the useful segments that satisfy the request for video
220 based on the useful segment information 126. The video analysis and
management module 120 further employs a surgical video adapter 218 to combine
the identified useful segments to generate an adapted surgical video 128 in
response to the request for video 220.

[0049] In some aspects, the useful segment identifier 202 is configured to
identify useful segments from a single surgical video 106. The useful segment
identifier 202 accesses user activities 122 describing operations on the surgical
video 106 performed by users who have watched the surgical video 106, i.e. viewers
of the surgical videos 106. The operations can include, but are not limited to,
starting and stopping the video, fast-forwarding the video, replaying the video,
skipping the video, editing the video, commenting on the video, or bookmarking
the video. These operations of a viewer reflect the viewer’s opinion regarding the
various portions of the surgical video 106. For example, if a viewer thinks a
segment of the surgical video 106 is not useful, he would fast-forward or even skip
the segment. On the other hand, if a viewer finds a segment useful, he would
pause and rewind the segment to watch the segment several times. Likewise,
operations of a viewer such as editing, commenting or bookmarking a segment of
the video also show that the viewer finds the segment helpful and worth adding
notes thereto.

[0050] These user activities 122 thus provide valuable information about
the surgical video 106 which can be utilized to identify and recommend useful

segments for users who have not watched the surgical video 106. In some
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implementations, the user activities 122 utilized to identify useful segments are
from reviewers who are similar to the users who will watch the surgical video 106
in the future. In other words, the users and the viewers are from the same group
of individuals. This is because different users may have different opinions about
the usefulness of a video segment. For instance, a video segment involving a
special type of suturing skill might be of interest to a surgeon, but might not be
useful for a maintenance person who is interested in viewing how a surgical tool
functions during operation. The video analysis and management module 120
determines if viewers and users are from the same group based on the information
of the users and viewers, such as their information contained in the user profiles
124. However, using the same population for both viewers and users of the video
is not required.

[0051] According to some aspects, the useful segment identifier 202
analyzes the user activities 122 to determine popularity scores for segments of the
surgical video 106. Figure 3A shows an example of a diagram 300A showing the
popularity scores of portions of a surgical video based on user activities 122 of
viewers of the surgical video 106. In the example shown in Figure 3A, the surgical
video 106 is divided into segments having a fixed duration, such as a 5-minute
duration. The popularity scores of the segments are measured as the number of
viewers who actually watched the segment. Whether a viewer has watched a
segment can be determined based on the user activities 122. For example, if a
viewer does not skip or fast-forward the segment, the segment can be marked as
having been watched by the viewer. Similarly, if the segment was played back at
its normal speed while the reviewer watching the video, the segment can be
determined as having been watched by the viewer. In further examples, the
popularity scores can also be determined by assigning different weights to different
viewers and their respective activities. For example, a well-known surgeon who
has watched the video is assigned more weight in determining the popularity score
than a viewer who is less experienced, such as a resident. Similarly, the number
of cases that a reviewer has performed can also be utilized as a factor in
determining the weight of a viewer. For instance, a viewer who has performed a
large number of surgeries is assigned a higher weight than a viewer who has
performed a small number of surgeries. Various other ways of assigning weights

to different viewers and their corresponding activities can be utilized.
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[0052] Those segments having the highest popularity scores, i.e. watched
by most reviewers or the highest number of viewers, can be identified as useful
segments. Alternatively, or additionally, video segments whose popularity scores
are higher than a predetermined threshold, i.e. watched by more than a
predetermined number of viewers, are identified as useful segments. On the other
hand, the useful segment identifier 202 can determine segments corresponding to
a portion of the video as not useful segment(s) of the video if the number of users
that did not watch the portion of the video meets or exceeds the predetermined
threshold. In addition to, or instead of, the number of viewers who watched the
segment, the useful segment identifier 202 can also utilize other factors to
determine the popularity scores of the segments, such as the number of
annotations received on a segment including comments or bookmarks, the number
of replays of a segment, and so on.

[0053] Figure 3B shows another example of a popularity score diagram
300B for a surgical videos 106. In the popularity score diagram 300B, the
popularity score of a segment is also computed as the number of reviewers who
have watched the segment, but the division of the surgical videos 106 are
performed based on bookmarked or other annotations added to the surgical video
106. In other words, instead of using a fixed duration for partitioning the surgical
videos 106 into segments, the diagram 300B determines the segments based on
the existing bookmarks or annotations. For example, the first segment is defined
as the portion of the surgical videos 106 between the first bookmark M1 and the
second bookmark M2; the second segment is defined as the portion of the surgical
videos 106 between the second bookmark M2 and the third bookmark M3; and so
on.

[0054] By determining segments using bookmarks or other annotations of
the video, the extracted useful segments are more likely to contain a complete task
or event than the useful segments extracted based on the fixed time duration as
shown in diagram 300A. Thus, in some implementations, the surgical videos 106
can be pre-processed to include annotations specifying phases, steps or stages of
the surgical procedure, or even tasks or events occurred during the surgical
procedure, such as using machine learning techniques to automatically detect the
phases, steps, stages, tasks and events from the surgical videos 106 and insert the

corresponding annotations into the surgical videos 106. The annotations can also,
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or instead, be added manually by experts. In another example, log data obtained
from the robotic system where the surgical video is captured can also be utilized to
determine the segments of the video. For instance, the log data can include
information indicating when a specific surgical tool is loaded to the robotic system
during the surgical procedure. Such information can help to determine the stage
or tasks of the surgical procedure involved in the portion of the surgical video
before and after the loading of the tool. Similarly, the log data can also include
information regarding when the camera is moved from one location to another
which can provide some indication about the stage or the task of the surgical
procedure. These log data can be utilized to annotate the surgical video so that
segmentation of the video can be performed based on the annotation. Other log
data collected from the robotic surgical system can be utilized in a similar way.
[0055] These annotations, such as tags, category labels can also be searched
and used to match the request by a user if the user requests a certain category of
videos. In further implementations, the usefulness of the segments can be further
provided explicitly by viewers. For example, the video analysis and management
system 110 can request viewers to score the usefulness of each segment, such as
on a 1-10 scale. The video analysis and management module 120 can use these
explicit scores provided by the viewers to determine and extract useful segments.
In another example, the video analysis and management module 120 compares the
current segments of the video with the search queries of the users or the video
segments that users have shown interest in watching, to make further video
segment recommendations. Based on these video segment recommendations, the
video analysis and management module 120 can adjust the segmentation of the
video and thus the boundaries of the useful segments 208.

[0056] Apart from identifying useful segments 208, the useful segment
identifier 202 or other modules further generates recommendations for playing
back the surgical video 106. For example, if the video analysis and management
module 120 determines that a majority of the viewers of the surgical video 106
have skipped a certain segment, the video analysis and management module 120
can recommend a user to skip the segment. The recommendation can be generated
by, for example, modifying the surgical video 106 so that that segment is skipped
while being played back. Similarly, if the video analysis and management module

120 determines that most of the viewers (e.g. the a majority of the viewers) fast-
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forwarded a segment while watching it, the video analysis and management
module 120 can cause the segment to be automatically fast-forwarded while being
played back. For example, the video analysis and management module 120 can
generate and associate metadata with the surgical video 106 to indicate that the
playback speed associated with that segment of the surgical video 106 is higher
than normal. The automated fast-forward speed can be determined based on the
fast-forward speeds used by the viewers, such as by taking the average, mean, or
weighted average of those fast-forward speeds.

[0057] The useful segment identifier 202 can further identify useful
segments based on multiple surgical videos 106 of a surgical procedure. Figure 4
shows an example of identifying useful segments based on multiple surgical videos
106. In this example, videos of four different surgeries performing the same
surgical procedure are analyzed. The useful segment identifier 202 normalizes the
four surgical videos so that corresponding segments can be found in these videos.
For example, the useful segment identifier 202 correlates a segment from a first
video with the segments in a second video and identifies the segment in the second
video having the highest correlation as the corresponding segment to that in the
first video. The correspondence between the segments in different videos can be
identified in a similar way. As a result, the useful segment identifier creates a
table where each row represents a segment with each column providing the start
time for that segment in the corresponding video. Various other ways of
normalizing the surgical videos can be utilized. After normalization, the useful
segment identifier 202 can determine that segments 406A-406D correspond to the
same task, such as an anastomosis. The normalization can be performed using
existing labels, bookmarks or annotations indicating the tasks or events occurred
in the videos if these annotations are available. In some implementations, the
normalization further involves normalizing the time scale of the surgical videos
106 so that the tasks or events are temporally aligned.

[0058] Based on the normalized surgical videos, the useful segment
identifier 202 can identify useful segments as those segments that have common
characteristics among the surgical videos 106. For example, the useful segment
identifier 202 generates user activity maps 404 as shown in Figure 4 based on the
user activities 122. The user activity maps can be generated as described above

with respect to Figures 3A and 3B, that is, based on the number of reviewers of
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respective segments. Other factors, such as the number of comments received, or
the number of replays of the respective segments can also be utilized to generate
the user activity maps. Each of the user activity maps corresponds to one surgical
video and represents the popularity scores for the segments in that surgical video.
In one example, the useful segment identifier 202 utilizes the user activity maps
to determine the common characteristics among the multiple surgical videos. In
the example shown in Figure 4, the useful segment identifier 202 uses the user
activity maps 404 to determine that those segments around time T'1 have common
characteristics of high popularity score (e.g. the number of segments having a
popularity score higher than a first threshold is higher than a second threshold)
and thus can be identified as useful segments. Similarly, the segments 406A-406D
around time T2 also share common high popularity score and thus can be identified
as useful segments.

[0059] In addition to segments with common characteristics, the useful
segment identifier 202 can also utilize the user activity maps to identify a segment
that has different characteristics than other corresponding segments as a useful
segment. In the example shown in Figure 4, the user activity maps 404 show that
segment 408 in video 1 has a high popularity score whereas its corresponding
segments in other videos have close to zero popularity scores. This difference
indicates that segment 408 might contain useful content that is not observed in
other videos, such as an unexpected bleeding event, or other uncommon events in
a surgical procedure. The useful segment identifier 202 thus identifies those
segments that are distinct from their corresponding segments as useful segments.
[0060] It should be understood that while the above example describes
using user activities to derive characteristics for identifying useful segments, other
characteristics can also be utilized. For example, the useful segment identifier 202
can analyze properties of video frames, such as luminance values, color values,
motion vectors of the video frame blocks, or any combination of these properties to
derive characteristics.

[0061] After identifying the useful segments, the useful segment identifier
202 further annotates the surgical videos 106 to add indications of the useful
segments to the surgical videos 106 to generate annotated surgical videos 118. For
example, useful segment identifier 202 can generate and associate to the surgical

video 106 metadata to specify the start and end time of each of the identified useful
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segments. In another example, the useful segment identifier 202 can change the
content of the surgical video 106 to provide indications of the useful segments, such
as by inserting one or more frames before the start frame of a useful segment, or
by adding text or graphics to one or more frames of the useful segments to
distinguish the useful segments from other frames of the surgical video.
Additional information, such as the subject of the useful segments can be
identified, for example, based on the events or tasks detected by the machine
learning techniques, tools used in the useful segments based on the log data of the
robotic surgical system, and so on. These types of additional information can be
associated with the useful segments as metadata and be utilized to retrieve
relevant video segments, for example, based on user query. Various other
mechanisms can be utilized to annotate the surgical videos 106 to generate the
annotated surgical videos 118.

[0062] Based on the identified useful segments 208, the indexer 204
generates useful segment information 126, that includes the information about the
useful segments 208 and can be stored as an index or database tables. Figure 5
shows an example of a data structure of a data entry 502, such as a row in a
database table, in the useful segment information 126. The data entry 502 is
established for each useful segment and contains keywords 504 describing the
subject of the content contained in the segment, such as the surgical skills involved
in this segment, the surgical tool used in the segment, the event captured by the
segment, and so on.

[0063] The data entry 502 shown in Figure 5 also includes a category 506
describing the category of the useful segment, such as a medical event category
including events such as bleeding, a medical task category covering tasks such as
suturing or anastomosis, or other categories. The keywords 504 and the category
506 of the useful segment can be extracted from the surgical videos 106 if the
surgical videos 106 already contain such information, be generated using machine
learning models, or be manually labeled by experts after watching the useful
segment.

[0064] The data entry 502 further includes a confidence level 508 indicating
how confident the system is when determining the segment as a useful segment.
In one example, the confidence level 508 can include the popularity score generated

when determining the useful segment. The higher the popularity score is, the
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higher the confidence level is. As will be discussed below, the confidence level 508
can be utilized by the video analysis and management module 120 to select useful
segments to be included in the adapted surgical video 128 in response to a request
for video.

[0065] The data entry 502 also includes other information about the useful
segment, such as the time duration 510, the file size 512 and the location 514 of
the useful segment in the corresponding annotated surgical video 118. The time
duration 510 can be utilized, for example, to determine if the adapted surgical
video 128 exceeds the watch time limit of a requesting user. The file size 512 is
useful when determining if the adapted surgical video 128 exceeds the file size
limit of a requesting surgical robot. The location 514 is utilized to retrieve the
useful segments from the respective annotated surgical videos 118 to generate the
adapted surgical video 128.

[0066] Based on the useful segment information 126, the search engine 206
of the video analysis and management module 120 is able to satisfy a request for
video from a user or a robotic surgical system 104. Upon receiving the request for
a video, the search engine 206 searches the useful segment information 126 to
select useful segments 208 that meet the criteria of the user request, such as
containing the same or similar subject as specified in the request or derived based
on user’s profile, meeting the watch time limit, meeting the size limit, and so on.
In some implementations, the search engine 206 selects the useful segments 208
in descending order of the confidence levels of the useful segments. In other words,
the useful segment having a higher confidence level is selected before a useful
segment having a lower confidence level.

[0067] The selected useful segments are then combined by the surgical
video adapter 218 to generate the adapted surgical video 128. The surgical video
adapter 218 can utilize any video processing technologies to combine these useful
segments, including decoding the useful segments, adjusting the frame resolutions
of the useful segments to be consistent throughout the adapted surgical video 128,
adjusting the frame rates of the useful segments, adjusting the compression rate
of these useful segments, inserting transition frames between useful segments, re-
encoding the combined useful segments using a single video coding standard and

SO Oon.
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[0068] Referring now to Figure 6, where an example of a process 600 for
identifying useful segments in a single surgical video and serving the useful
segments for consumption by users. The example process 600 will be discussed
with respect to the example environment 100 shown in Figure 1, but may be
employed according to any suitable system according to this disclosure.

[0069] At block 602, the video analysis and management system 110
accesses a surgical video 106 from which useful segments are to be identified. The
surgical video 106 can be received from a robotic surgical system 104 or be accessed
from the datastore 116 where the surgical video 106 is received and stored
beforehand. Atblock 604, the video analysis and management system 110 accesses
user activities 122 associated with the surgical video 106. As discussed above in
detail with regard to FIG. 2, the user activities 122 describe operations with regard
to the surgical video 106 by viewers, i.e. users who have watched the surgical video
106. The operations include, but are not limited to, starting and stopping the
video, fast-forwarding the video, replaying the video, skipping the video, editing
the video, commenting on the video, bookmarking the video, or any combination of
these. The user activities 122 can be obtained by the video analysis and
management system monitoring the operations of the viewers. Alternatively, the
video analysis and management system 110 can obtain user activities associated
with the video by causing another system to monitor the operations of the viewers.
[0070] At block 606, the video analysis and management system 110
identifies useful segments based on the user activities 122, In one example, the
video analysis and management system 110 divides the surgical video 106 into
segments, such as based on a fixed duration or based on bookmarks added to the
surgical video 106. The video analysis and management system 110 generates a
popularity score for each of the segments. For example, the video analysis and
management system 110 can generate the popularity score for a segment based on
factors such as the number of viewers of the segment, the number of comments
added to the segment, the number of bookmarks added by viewers to the segment,
how well the video segment's annotations match against the user's search queries,
or any combination of these. The video analysis and management system 110
calculates a weighted summation of the values of these factors, and normalize the

sum to a scale, such as 1-10 scale or 0-1 scale, to determine the popularity score.
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[0071] Based on the popularity score, the video analysis and management
system can determine a segment as a useful segment if the segment has the
highest popularity score. Alternatively, a segment can be determined to be a useful
segment if the popularity score of the segment is higher than a predetermined
threshold. Other ways of determining useful segments based on the popularity
scores can be used. Other ways of determining useful segments without popularity
scores can also be utilized, such as using a machine learning model taking user
activities of a segment as input and outputting an indication of whether the
segment is a useful segment. In some examples, the identified useful segments
and non-useful segments can be overridden by a user who manually specifies the
usefulness of a segment, e.g., a professor or head of surgery. Other mechanisms of
identifying useful segments described above with regard to FIGS. 2-3 can also be
utilized.

[0072] At block 608, the video analysis and management system 110
modifies the surgical video 106 to include an indication of the identified useful
segments and to generate an annotated surgical video 118. For example, the video
analysis and management system 110 can generate and associate with the surgical
video 106 metadata to specify the start and end time of each of the identified useful
segments. Metadata may be inserted within the video file itself or may be stored
in a separate data file, or may be stored in one or more records in a database. In
another example, the video analysis and management system 110 can change the
content of the surgical video 106 to provide indications of the useful segment, such
as by inserting one or more frames before the start frame of the useful segment, or
by adding text or graphics to one or more frames of the useful segments to
distinguish the useful segments from the rest frames of the surgical video. Various
other mechanisms described above with regard to FIGS. 1-2 can be utilized to
generate the annotated surgical video 118 to indicate the identified useful
segments.

[0073] At block 610, the video analysis and management system 110
receives a request for the video. As discussed above in detail with regard to FIG.2,
the request might be received from a user who has not watched the surgical video
106. The request may specify the watch time limit indicating the maximum
amount of time that the user will spend watching the video. The request may

further specify the subject that the user is interested in.
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[0074] In order to enable the user to efficiently consume the surgical video
106 within the watch time limit, the video analysis and management system 110,
at block 612, generates an adapted surgical video 128 based on the useful segments
identified at block 606. The video analysis and management system 110 selects a
number of useful segments for the adapted surgical video 128 so that the time span
of the adapted surgical video 128 is no greater than the watch time limit. In one
example, useful segments having higher popularity scores are selected before
useful segments with lower popularity scores are selected. If the request includes
the subject that the user is interested in, the video analysis and management
system 110 selects the useful segments that match the subject for the generation
of the adapted surgical video 128. The video analysis and management system 110
may also access a user profile 124 of the user to select useful segments that match
the user profile 124, such as by matching typical surgical procedures performed by
the user or educational interests of the user.

[0075] Once the useful segments have been selected, a new video is
generated by concatenating the segments together into a single video. In some
examples, one or more frames may be inserted between individual segments to
identify the beginning or end of a particular segment. In some examples, the
individual segments may each be separately transmitted to the user for individual
viewing. The names of the individual videos may indicate the content of the
segment, such as based on keywords associated with the segment in the metadata
or information about the surgical procedure from the original video. Other
mechanisms of generating an adapted surgical video 128 described above with
regard to FIG. 2 can also be utilized. The video analysis and management system
110 then transmits the adapted surgical video(s) 128 to the requesting user at
block 614.

[0076] Referring now to Figure 7, where an example process 700 for
identifying useful segments in multiple surgical videos and serving the useful
segments for consumption is illustrated. The example process 700 will be
discussed with respect to the example environment 100 shown in Figure 1, but
may be employed according to any suitable system according to this disclosure.
[0077] At operation 702, the video analysis and management system 110
accesses multiple surgical videos 106 for the same surgical procedure. The

multiple surgical videos 106 can be obtained from multiple robotic surgical systems
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104 performing the same surgical procedure or from the same robotic surgical
system 104 that performed the same surgical procedure at different time. The
surgical videos 106 can be transmitted from the robotic surgical systems 104 to the
video analysis and management system 110 and stored in the datastore 116 for
analysis.

[0078] At block 704, the video analysis and management system 110
identifies useful segments from the multiple surgical videos 106. In one example,
portions of the multiple surgical videos that have common characteristics, such as
being watched by a large number of users, can be identified as useful segments of
the surgical videos. In another example, the video analysis and management
system 110 also identifies a portion of a surgical video that is different from the
corresponding portions of other surgical videos as a useful segment. As discussed
in detail above with regard to FIGS. 2 and 4, the commonality of or difference
among the multiple surgical videos can be measured based on the user activities
with regard to the videos during playback of the videos, or other characteristics of
the surgical videos, such as luminance values of video frames, color values of the
video frames, motion vectors of the video frame blocks, and any combination
thereof. For example, multiple users may have replayed a segment of a video
showing a suturing operation, while skipping over the same suturing operation in
other videos for the same procedure. Thus, the video segment may be identified as
useful.

[0079] At block 706, the video analysis and management system 110
modifies the surgical videos 106 to include indications of the identified useful
segments. The modification of each surgical video 106 can be performed in a way
similar to that described with regard to block 608, such as by adding metadata, or
by modifying the content of the surgical video 106. At block 708, the video analysis
and management system 110 generates useful segment information 126 for the
surgical videos 106. In one example, the useful segment information 126 can be
stored as an index or a database table that includes a data entry for each of the
useful segments. A data entry includes information about the useful segment such
as the keywords, the category, the confidence, the time duration, the file size, the
location of the useful segment, and so on. Other mechanisms of generating and
storing useful segment information 126 that are described above with regard to

FIGS. 2 and 5 can also be utilized.

25



WO 2020/197799 PCT/US2020/022540

[0080] At block 710, the video analysis and management system 110
receives a request for video. The request can be a request from a user to watch
surgical videos, or a request to download surgical videos to a robotic surgical
system 104. The request can include information such as the watch time limit, the
file size limit of the requested video, the subject of the video, and so on.

[0081] In response to the request, the video analysis and management
system 110, at block 712, queries the useful segment information 126 to identify
the useful segments that satisfy the request as described above in detail with
regard to FIG. 2. For example, the video analysis and management system 110
can identify the useful segments that match the subject specified in the request or
in a user profile and select a number of useful segments, in a descending order of
confidence levels of the useful segments, so that the total time duration of the
selected useful segments does not exceed the watch time limit. Similarly, for a
request to download, the video analysis and management system 110 selects useful
segments that match the robotic surgical system 104, e.g. involving surgical
operations to be performed on the robotic surgical system 104, and that have a
total size no greater than the size limit of the surgical robot.

[0082] At block 714, the video analysis and management system 110
combines the selected useful segments to generate an adapted surgical video 128.
For example, the video analysis and management system 110 may, among others,
decode the useful segments, adjust the frame resolutions, frame rates, or
compression rates of these useful segments, insert transition frames between
useful segments, and re-encode the combined useful segments to generate a single
video file or multiple video files as the adapted surgical video 128. Other
mechanisms of generating an adapted surgical video 128 described above with
regard to FIG. 2 can also be utilized. The video analysis and management system
110 then transmits the adapted surgical video 128 to the requesting user.

[0083] Referring now to Figure 8, Figure 8 shows an example computing
device 800 suitable for use in example systems or methods for identifying useful
segments in surgical videos and providing the useful segments to users for efficient
surgical video consumption. The example computing device 800 includes a
processor 810 which is in communication with the memory 820 and other
components of the computing device 800 using one or more communications buses

802. The processor 810 is configured to execute processor-executable instructions
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stored in the memory 820 to perform identifying useful segments of surgical videos
for efficient consumption of the surgical videos according to different examples,
such as part or all of the example processes 600 and 700 described above with
respect to Figures 6-7. The computing device, in this example, also includes one
or more user input devices 870, such as a keyboard, mouse, touchscreen,
microphone, etc., to accept user input. The computing device 800 also includes a
display 860 to provide visual output to a user.

[0084] The computing device 800 can include or be connected to one or more
storage devices 830 that provides non-volatile storage for the computing device
800. The storage devices 830 can store system or application programs and data
utilized by the computing device 800, such as modules implementing the
functionalities provided by the video analysis and management module 120. The
storage devices 830 might also store other programs and data not specifically
identified herein.

[0085] The computing device 800 also includes a communications interface
840. In some examples, the communications interface 840 may enable
communications using one or more networks, including a local area network
(“LAN”); wide area network (“WAN”), such as the Internet; metropolitan area
network (“MAN”); point-to-point or peer-to-peer connection; etc. Communication
with other devices may be accomplished using any suitable networking protocol.
For example, one suitable networking protocol may include the Internet Protocol
(“IP”), Transmission Control Protocol (“I'CP”), User Datagram Protocol (“UDP”),
or combinations thereof, such as TCP/IP or UDP/IP.

[0086] While some examples of methods and systems herein are described
in terms of software executing on various machines, the methods and systems may
also be implemented as specifically configured hardware, such as field-
programmable gate array (FPGA) specifically to execute the various methods. For
example, examples can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in a combination thereof. In one
example, a device may include a processor or processors. The processor comprises
a computer-readable medium, such as a random access memory (RAM) coupled to
the processor. The processor executes computer-executable program instructions
stored in memory, such as executing one or more computer programs. Such

processors may comprise a microprocessor, a digital signal processor (DSP), an
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application-specific integrated circuit (ASIC), field programmable gate arrays
(FPGAs), and state machines. Such processors may further comprise
programmable electronic devices such as PLCs, programmable interrupt
controllers (PICs), programmable logic devices (PL.Ds), programmable read-only
memories (PROMs), electronically programmable read-only memories (EPROMs
or EEPROMSs), or other similar devices.

[0087] Such processors may comprise, or may be in communication with,
media, for example non-transitory computer-readable storage media, that may
store instructions that, when executed by the processor, can cause the processor to
perform the steps described herein as carried out, or assisted, by a processor.
Examples of non-transitory computer-readable media may include, but are not
limited to, an electronic, optical, magnetic, or other storage device capable of
providing a processor, such as the processor in a web server, with computer-
readable instructions. Other examples of media comprise, but are not limited to,
a floppy disk, CD-ROM, magnetic disk, memory chip, ROM, RAM, ASIC,
configured processor, all optical media, all magnetic tape or other magnetic media,
or any other medium from which a computer processor can read. The processor,
and the processing, described may be in one or more structures, and may be
dispersed through one or more structures. The processor may comprise code for
carrying out one or more of the methods (or parts of methods) described herein.
[0088] The foregoing description of some examples has been presented only
for the purpose of illustration and description and is not intended to be exhaustive
or to limit the disclosure to the precise forms disclosed. Numerous modifications
and adaptations thereof will be apparent to those skilled in the art without
departing from the spirit and scope of the disclosure.

[0089] Reference herein to an example or implementation means that a
particular feature, structure, operation, or other characteristic described in
connection with the example may be included in at least one implementation of the
disclosure. The disclosure is not restricted to the particular examples or
implementations described as such. The appearance of the phrases “in one
example,” “in an example,” “in one implementation,” or “in an implementation,” or
variations of the same in various places in the specification does not necessarily
refer to the same example or implementation. Any particular feature, structure,

operation, or other characteristic described in this specification in relation to one
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example or implementation may be combined with other features, structures,
operations, or other characteristics described in respect of any other example or
implementation.

[0090] Use herein of the word “or” is intended to cover inclusive and
exclusive OR conditions. In other words, A or B or C includes any or all of the
following alternative combinations as appropriate for a particular usage: A alone;

B alone; C alone; A and B only; A and C only; B and C only; and A and B and C.
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CLAIMS

That which is claimed is:

1. A method comprising:

accessing a video of a surgical procedure;

accessing user activities of a plurality of users who have watched the video
of the surgical procedure, the user activities comprising operations performed
during playback of the video;

dividing the video into a plurality of segments;

determining a popularity score for each of the plurality of segments based
on the operations;

identifying one or more useful segments from the plurality of segments
based on the popularity scores;

generating metadata for the video of the surgical procedure to include an
indication of the identified one or more useful segments; and

associating the metadata with the video of the surgical procedure.

2. The method of claim 1, wherein the operations of the plurality of users
comprise starting the video, stopping the video, fast-forwarding the video,
replaying the video, skipping the video, editing the video, creating a clip from the

video, commenting on the video, or bookmarking the video.

3. The method of claim 1, wherein the popularity score is determined based
on a number of users that watched a segment of the video, and wherein identifying
the one or more useful segments of the video comprises:

in response to determining that the popularity score of segment meets or
exceeds a threshold, identifying the segment of the video as a useful segment of

the video.

4. The method of claim 1, wherein the popularity score is determined based
on a number of users that annotated a segment of the video, and wherein
identifying the one or more useful segments of the video comprises:

in response to determining that the popularity score meets or exceeds a

threshold, identifying the segment of the video as a useful segment of the video.
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5. The method of claim 1, further comprising:

identifying a portion of the video that does not contain a useful segment
based on the operations of the plurality of users;

generating additional metadata for the video of the surgical procedure to
include an indication of the identified portion of the video; and

associating the additional metadata with the video of the surgical

procedure.

6. The method of claim 5,

wherein identifying the portion of the video comprises identifying a portion
of the video that is not of interest to the plurality of the users based on the
operations, and

wherein generating additional metadata for the video of the surgical
procedure to include an indication of the identified portion of video comprises
generating the additional metadata to indicate that the portion of the video is not

to be played back in a normal speed of the video.

7. The method of claim 1, further comprising:

receiving a request to watch the video, the request comprising a watch time
limit specifying the maximum amount of time that a user associated with the
request will spend watching the video; and

generating an adapted video by combining one or more of the one or more
useful segments to create the adaptive video having a time duration no greater

than the watch time limit.

8. The method of claim 7, further comprising:

generating and associating with the video of the surgical procedure
additional metadata to include an indication of a subject contained in the identified
one or more useful segments that is extracted based on machine learning
techniques;

accessing a user preference associated with the user, the user preference

specifying a subject that the user is interested in watching; and
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generating the adapted video by including, based on the additional
metadata, the one or more useful segments of the video that contain the subject

that the user is interested in watching.

9. A method comprising:

accessing a plurality of videos of a surgical procedure;

normalizing the plurality of videos to identify corresponding segments of
the plurality of videos;

determining, for each video of the plurality of videos, a plurality of video
segments;

identifying one or more useful segments in the plurality of videos based on
common characteristics between corresponding video segments of the plurality of
videos or based on different characteristics between corresponding video segments
of the plurality of videos; and

generating metadata for the plurality of videos of the surgical procedure to
include an indication of the identified one or more useful segments; and

associating the metadata with the plurality of videos of the surgical

procedure.

10. The method of claim 9, wherein the common characteristics of the plurality
of videos comprise user activities of a plurality of users who have watched the
plurality of videos, the user activities comprising operations of the plurality of

users performed during playback of the plurality of videos.

11. The method of claim 9, further comprising:

receiving a request to watch a video, the request comprising a watch time
limit specifying the maximum amount of time that a user associated with the
request will spend in watching the video; and

generating an adapted video by combining one or more of the one or more
useful segments of the plurality of videos to create the adapted video having a time

duration no greater than the watch time limit.

12. The method of claim 11, further comprising:
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accessing a user preference associated with the user, the user preference
specifying a subject that the user is interested in watching; and

generating the adapted video by including the one or more useful segments
of the plurality of videos that contain the subject that the user is interested in

watching.

13. The method of claim 9, further comprising:

receiving a request to download a video to a surgical robot, the request
specifying a size of the video to be downloaded and a surgical operation to be
performed on the surgical robot;

identifying, from the one or more useful segments of the plurality of videos,
a plurality of useful segments that are relevant to the surgical operation;

generating an adapted video based on the plurality of useful segments that
has a size no greater than the size of the video to be downloaded to the surgical
robot; and

transmitting the adapted video to the surgical robot.

14. A method comprising:

accessing a video;

monitoring operations performed by a plurality of users during playback of
the video for each respective user of the plurality of users;

identifying one or more useful segments from the video based on the
operations;

generating metadata for the video to include an indication of the identified
one or more useful segments; and

associating the metadata with the video.

15. The method of claim 14, wherein the video comprising a video of a surgical
procedure.
16. The method of claim 14, wherein identifying one or more useful segments

from the video based on the operations comprises:
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in response to determining that a number of users that watched a segment
of the video meets or exceeds a threshold, identifying the segment of the video as

a useful segment of the video.

17. The method of claim 14, further comprising:

receiving a request to watch the video, the request comprising a watch time
limit specifying the maximum amount of time that a user associated with the
request will spend watching the video; and

generating an adapted video by combining one or more of the one or more
useful segments to create the adaptive video having a time duration no greater

than the watch time limit.

18. The method of claim 17, further comprising:

accessing a user preference associated with the user, the user preference
specifying a subject that the user is interested in watching; and

generating the adapted video by including the one or more useful segments

of the video that contain the subject that the user is interested in watching.

19. A computing device comprising:
a processor; and
a non-transitory computer-readable medium having processor-executable
instructions stored thereupon, which, when executed by the processor, cause the
processor to:
access a video of a surgical procedure;
access user activities of a plurality of users who have watched the
video of the surgical procedure, the user activities comprising operations
performed during playback of the video;
divide the video into a plurality of segments;
determine a popularity score for each of the plurality of segments
based on the operations;
identify one or more useful segments from the plurality of segments
based on the popularity scores;
generate metadata for the video of the surgical procedure to include

an indication of the identified one or more useful segments; and
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associate the metadata with the video of the surgical procedure.

20. A non-transitory computer-readable medium comprising processor-
executable instructions to cause a processor to:

access a plurality of videos of a surgical procedure;

normalize the plurality of videos to identify corresponding segments of the
plurality of videos;

determine, for each video of the plurality of videos, a plurality of video
segments;

identify one or more useful segments in the plurality of videos based on
common characteristics between corresponding video segments of the plurality of
videos or based on different characteristics between corresponding video segments
of the plurality of videos;

generate metadata for the plurality of videos of the surgical procedure to
include an indication of the identified one or more useful segments; and

associate the metadata with the plurality of videos of the surgical

procedure.
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