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(54) AUTOMATED OBJECT AND ACTIVITY TRACKING IN A LIVE VIDEO FEED

(57) An apparatus is provided for automated object
and activity tracking in a live video feed. The apparatus
receives and processes a live video feed to identify a
plurality of objects and activities therein. The apparatus
also generates natural language text that describes a
storyline of the live video feed using the plurality of objects

and activities so identified. The live video feed is proc-
essed using computer vision, natural language process-
ing and machine learning, and a catalog of identifiable
objects and activities. The apparatus then outputs the
natural language text audibly or visually with a display of
the live video feed.
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Description

TECHNOLOGICAL FIELD

[0001] The present disclosure relates generally to ob-
ject and activity tracking and, in particular, to tracking and
describing a storyline of objects and activities within a
live video feed.

BACKGROUND

[0002] Currently, there is an increasing demand for
more sophisticated video surveillance systems. This de-
mand is primarily motivated by organizations looking to
use surveillance videos to not only enhance security ca-
pabilities, but also to increase situational awareness for
improving their business operations. For example, retail-
ers and customer-facing branch network operators utilize
insights from videos to optimize their operations and bet-
ter understand customer behaviors. In another example,
airports, train stations and other mass transit operators
monitor videos to facilitate human traffic flow, detect op-
erational incidents, and use predictive modeling to opti-
mize their operations.
[0003] With this rapid increase in the installation of vid-
eo surveillance systems, existing teams of operators for
the surveillance systems are unable to efficiently process
and maintain the vast quantity of video data that is being
generated, which may lead to a substantial amount of
unseen video footage. As a result, most video surveil-
lance installations are only used for forensic and eviden-
tial purposes after the fact. To maximize insights relevant
to the video surveillance footage, human analysts are
heavily utilized to monitor videos for activities such as
suspicious behavior, object recognition, traffic monitor-
ing, incident detection, face matching, safety alerts,
anomaly detection, and crowd counting. This manual use
of video processing is effectively inefficient and error
prone.
[0004] Therefore, it may be desirable to have a system
and method that take into account at least some of the
issues discussed above, as well as possibly other issues.

BRIEF SUMMARY

[0005] Example implementations of the present disclo-
sure are directed to an improved apparatus, method and
computer-readable storage medium for automated ob-
ject and activity tracking in a live video feed. In some
example implementations, a method is provided for au-
tomated object and activity tracking in a live video feed.
The method comprises receiving a live video feed. The
method also comprises processing the live video feed to
identify a plurality of objects and activities therein, and
to generate natural language text that describes a sto-
ryline of the live video feed using the plurality of objects
and activities so identified. The live video feed is proc-
essed using computer vision, natural language process-

ing and machine learning, and a catalog of identifiable
objects and activities. The method also comprises out-
putting the natural language text audibly or visually with
a display of the live video feed.
[0006] In some example implementations of the meth-
od of the preceding or any subsequent example imple-
mentation, or any combination thereof, the method fur-
ther comprises maintaining the catalog of identifiable ob-
jects and activities using the machine learning, including
updating corresponding objects and activities in the cat-
alog with attributes of at least some of the plurality of
objects and activities.
[0007] In some example implementations of the meth-
od of any preceding or any subsequent example imple-
mentation, or any combination thereof, the method fur-
ther comprises receiving user input specifying an object
of interest or an activity of interest, processing the live
video feed to further identify the object of interest or the
activity of interest in the plurality of objects and activities,
and spatiotemporally tracking the object of interest in the
live video feed, or generating an alert to indicate identi-
fication of the activity of interest in the live video feed.
[0008] In some example implementations of the meth-
od of any preceding or any subsequent example imple-
mentation, or any combination thereof, generating the
natural language text includes filtering the natural lan-
guage text and thereby the storyline to relate only to the
object of interest or the activity of interest.
[0009] In some example implementations of the meth-
od of any preceding or any subsequent example imple-
mentation, or any combination thereof, processing the
live video feed further includes generating a correspond-
ing database of information describing the plurality of ob-
jects and activities, and the method further comprises
receiving user input specifying a request for information
regarding at least one object or activity of the plurality of
objects and activities. In response thereto, the method
comprises querying the database based on the request,
and generating and outputting for display, natural lan-
guage text responsive to the request.
[0010] In some example implementations of the meth-
od of any preceding or any subsequent example imple-
mentation, or any combination thereof, processing the
live video feed to identify the plurality of objects and ac-
tivities includes predicting a future outcome of interest
based on identification of at least two predefined objects
or activities from the plurality of objects and activities,
and generating an alert to indicate the future outcome of
interest so predicted.
[0011] In some example implementations of the meth-
od of any preceding or any subsequent example imple-
mentation, or any combination thereof, predicting the fu-
ture outcome of interest includes identifying at least one
of the at least two predefined objects or activities within
a current frame of the live video, and another of the at
least two predefined objects or activities within the cur-
rent frame or a subsequent frame of the live video.
[0012] In some example implementations, an appara-
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tus is provided for automated object and activity tracking
in a live video feed. The apparatus comprises a processor
and a memory storing executable instructions that, in re-
sponse to execution by the processor, cause the appa-
ratus to implement a number of subsystems, such as a
receiver, identifier, and text generator that are configured
to at least perform the method of any preceding example
implementation, or any combination thereof.
[0013] In some example implementations, a computer-
readable storage medium is provided for automated ob-
ject and activity tracking in a live video feed. The com-
puter-readable storage medium is non-transitory and has
computer-readable program code portions stored therein
that, in response to execution by a processor, cause an
apparatus to at least perform the method of any preced-
ing example implementation, or any combination thereof.
[0014] These and other features, aspects, and advan-
tages of the present disclosure will be apparent from a
reading of the following detailed description together with
the accompanying drawings, which are briefly described
below. The present disclosure includes any combination
of two, three, four or more features or elements set forth
in this disclosure, regardless of whether such features or
elements are expressly combined or otherwise recited in
a specific example implementation described herein.
This disclosure is intended to be read holistically such
that any separable features or elements of the disclosure,
in any of its aspects and example implementations,
should be viewed as intended, namely to be combinable,
unless the context of the disclosure clearly dictates oth-
erwise.
[0015] It will therefore be appreciated that this Brief
Summary is provided merely for purposes of summariz-
ing some example implementations so as to provide a
basic understanding of some aspects of the disclosure.
Accordingly, it will be appreciated that the above de-
scribed example implementations are merely examples
and should not be construed to narrow the scope or spirit
of the disclosure in any way. Other example implemen-
tations, aspects and advantages will become apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings which illustrate, by
way of example, the principles of some described exam-
ple implementations.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0016] Having thus described example implementa-
tions of the disclosure in general terms, reference will
now be made to the accompanying drawings, which are
not necessarily drawn to scale, and wherein:

Figure 1 is an illustration of a system for automated
object and activity tracking in a live video feed, ac-
cording to example implementations of the present
disclosure;
Figure 2 illustrates a suitable identifier of Figure 1,
according to some example implementations;

Figure 3 illustrates a suitable live video feed and cor-
responding text display, according to some example
implementations;
Figure 4 is a flow diagram illustrating various oper-
ations of a method for automated object and activity
tracking in a live video feed, in accordance with an
example implementation; and Figure 5 illustrates an
apparatus according to some example implementa-
tions.

DETAILED DESCRIPTION

[0017] Some implementations of the present disclo-
sure will now be described more fully hereinafter with
reference to the accompanying drawings, in which some,
but not all implementations of the disclosure are shown.
Indeed, various implementations of the disclosure may
be embodied in many different forms and should not be
construed as limited to the implementations set forth
herein; rather, these example implementations are pro-
vided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the disclosure to
those skilled in the art. For example, unless otherwise
indicated, reference to something as being a first, second
or the like should not be construed to imply a particular
order. Also, for example, reference may be made herein
to quantitative measures, values, relationships or the like.
Unless otherwise stated, any one or more if not all of
these may be absolute or approximate to account for
acceptable variations that may occur, such as those due
to engineering tolerances or the like. Like reference nu-
merals refer to like elements throughout.
[0018] Example implementations of the present disclo-
sure are generally directed to object and activity tracking
and, in particular, to tracking and describing a storyline
of objects and activities within a live video feed. Example
implementations will be primarily described in conjunc-
tion with applications for video surveillance and analytic
systems. It should be understood, however, that example
implementations may be utilized in conjunction with a
variety of other applications, such as other applications
within the aerospace industry and outside of the aero-
space industry.
[0019] Example implementations of the present disclo-
sure are more particularly directed to a system configured
to receive video feed (e.g., via a video camera), and
trained to automatically recognize various objects and
activities present in the video feed, using a combination
of computer vision, natural language processing, and
machine learning models. The system is configured re-
ceive user input or queries specified by a human operator
and, in response, infer the objects or activities of interest
to the human. Further based on the user queries, the
system is configured to automatically focus its identifica-
tion process on the objects and activities of interest for
tracking and alert purposes. The system also generates
real-time comprehensible storylines that describe the ob-
served or identified objects and activities by tracking their
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spatiotemporal relations across multiple frames of the
video feed.
[0020] Figure 1 illustrates a system 100 for automated
object and activity tracking in a live video feed, which
may simply be referred to as the "system" herein. The
system is configured to perform a number of different
functions or operations, either automatically, under direct
operator control, or some combination of thereof. In some
examples, the system is configured to perform one or
more of its functions or operations automatically, that is,
without being directly controlled by an operator. Addition-
ally or alternatively, in some examples, the system is con-
figured to perform one or more of its functions or opera-
tions under direct operator control.
[0021] In accordance with example implementations
of the present disclosure, the system 100 is configured
to perform various functions or operations to track objects
and activities within a live video feed, and generate a
storyline describing the objects and activities. In some
example implementations, the system is configured to
receive and process a live video feed. In these example
implementations, the system is configured to process the
live video feed to identify a plurality of objects and activ-
ities therein, and to generate natural language text that
describes a storyline of the live video feed using the plu-
rality of objects and activities so identified. The live video
feed is processed using computer vision, natural lan-
guage processing and machine learning, and a catalog
of identifiable objects and activities.
[0022] The system is then configured to output the nat-
ural language text audibly or visually with a display of the
live video feed.
[0023] The system 100 may include one or more of
each of a number of different subsystems (each an indi-
vidual system) coupled to one another for performing one
or more functions or operations. As shown in Figure 1,
in some examples, the system includes a receiver 102,
identifier 104, and text generator 106 coupled to one an-
other. Although shown as part of the system, the receiver,
identifier or text generator may instead be separate from
but in communication with the system. It should also be
understood that either of the subsystems may function
or operate as a separate system without regard to others
of the subsystems. And further, it should be understood
that the system may include one or more additional or
alternative subsystems than those shown in Figure 1.
[0024] As explained in greater detail below, the receiv-
er 102, identifier 104 and text generator 106 are config-
ured to perform respective functions or operations of the
system 100. In some implementations, the receiver is
configured to receive a live video feed. In some exam-
ples, a user specifies the source of the live video for re-
ceipt by either a live stream link or a video file. The iden-
tifier is configured to process the live video feed to identify
a plurality of objects and activities therein. As discussed
herein the receiver and text generator may be operatively
coupled to each other to function as a video-to-text (or
captioning) engine, and the identifier and text generator

may be operatively coupled to each other to function as
an end-to-end query and response engine. The receiver
functions as an initial processing unit, which receives a
live video stream or video file as input and splits the live
video into individual image frames.
[0025] To initially process a live video feed, the receiver
102 is configured to extract frames from video at a rapid
pace. In some examples, the pace at which the videos
frames are extracted is relevant to an allowable data
transmission bandwidth of the system. The identifier 104
then identifies or recognizes different regions and objects
of interest within the frame. Upon identification, the text
generator 106 produces one or more natural language
text strings describing the different regions and objects
of interest within the frame that are recognizable by the
system. The text strings are then fed into a query engine
of the identifier to determine the best matching answer
or response for user-initiated queries.
[0026] As indicated above, the live video feed is proc-
essed using computer vision, natural language process-
ing and machine learning, and a catalog of identifiable
objects and activities. Before the identifier 104 and text
generator 106 are utilized, they require a one-time train-
ing process. The inputs to the training process consist of
a set of video frames and corresponding captions in
which each image-caption pair constitutes one training
instance which, in some examples, a large number of
domain-appropriate training instances are prepared by
a human expert.
[0027] The training instances are used to tune the
weights of the neural networks, using a backpropagation
algorithm, for example. In some implementations, the
identifier 104 is trained by machine learning techniques,
such as deep learning neural networks or other suitable
methods, to automatically detect attributes of objects and
activities. The identifier may also be trained with both
visual features and linguistic inputs, such as texts,
speeches, and the like, such that it becomes capable of
automatically interpreting and describing, in real-time,
video scenes in linguistic outputs (e.g., text and speech).
For training purposes, in some examples, the system is
configured to maintain the catalog of identifiable objects
and activities using the machine learning. This may in-
clude, for example, updating the corresponding objects
and activities in the catalog with attributes of at least some
of the plurality of objects and activities.
[0028] In some examples, the training process in-
cludes each extracted frame being processed using a
neural network (e.g., a convolutional neural network) that
produces a matrix of appearance features for different
regions of the frame. In these examples, the matrix is
passed into another convolutional neural network that
selects a predetermined number of frame regions (re-
gions of interest) which may be specified based on the
user input, and outputs three matrices containing coor-
dinates for the selected regions (four per region). The
convolutional neural network also outputs a probability
for each region that indicates the likelihood that the cor-
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responding region is of interest, and a set of features for
each region, respectively. The features for the regions
of interest are then passed into a pair of fully connected
neural network layers that produce a compact, fixed-
sized encoding of the features for each region which re-
sult in a stacked matrix. The stacked matrix is passed
into a language model that is constructed from a recurrent
neural network (e.g., Long Short Term Memory Network
(LSTM)).
[0029] Further in these examples, the visual features
for the frame regions are input into the recurrent neural
network and a token (e.g., a word) is sampled. The sam-
pled token is then input into the LSTM and another token
is sampled, and this process continuously loops until an
end token is produced. The series of sampled words form
sentential descriptions, or captions, of the regions. In a
more particular example, the identifier 104 is configured
to detect and recognize object and activities (e.g., hu-
mans and objects) that have been previous identified.
The identifier is also configured to analyze the spatial
distances between the objects and activities within the
regions of interest, match those object and activities with
the natural language text descriptions that it have been
previously sampled, and output sentential descriptions
that are determined to be best matching with the regions
of interest.
[0030] The sequential descriptions, along with the co-
ordinates of the corresponding regions of interest are
stored in memory for use in providing responses to que-
ries received by the human user. However, only gener-
ated descriptions, which correspond to frames that sig-
nificantly differ from the previous frame, will be stored in
memory. For example, if a description is not sufficiently
different from a description generated from the previous
frame it will be rejected and not stored in memory. In
some alternative examples, a separate engine is config-
ured to assess the difference image between successive
frames and only processes frames that are sufficiently
different from the previous frame. Furthermore, only a
predetermined number of descriptions are stored in
memory such that when the memory becomes full, the
oldest descriptions are purged from the memory to allo-
cate storage space for newer descriptions.
[0031] In some examples, each sentential description
is given an identification number and stored in memory
with others previously generated descriptions. The entire
set of descriptions are converted into fixed-size memory
vectors which is computed by embedding each descrip-
tion in a continuous space. These steps form an embed-
ding matrix that represents the entire set. The sequential
descriptions are then written to the memory up to a fixed
buffer size, which can be predefined by a default setting
or by the user from the system graphical user interface
(GUI).
[0032] Figure 2 illustrates a suitable example of an
identifier 200 that may in some examples correspond to
the identifier 104 of Figure 1. As shown, in some imple-
mentations, the identifier includes a query engine 202,

tracker 204, alert engine 206, predictor 208 and database
210 coupled to one another for performing one or more
functions or operations to process and analyze the live
video feed. In some examples, the query engine is con-
figured to receive user input that specifies an object of
interest or an activity of interest, and process the live
video feed to further identify the object of interest or the
activity of interest in the plurality of objects and activities.
In these examples, the tracker is configured to spatio-
temporally track the object of interest in the live video
feed. In some examples, the tracker is configured to track
the spatial and temporal information for each of the plu-
rality of objects and activities within the catalog independ-
ent of the object or activity being of interest. Further in
the examples, the alert engine is configured to generate
an alert to indicate identification of the activity of interest
in the live video feed.
[0033] In some examples, the identifier 200 is config-
ured to process the live video feed to generate a corre-
sponding database 210 of information that describes the
plurality of objects and activities. In these examples, the
query engine 202 is configured to receive user input that
specifies a request for information regarding at least one
object or activity of the plurality of objects and activities,
and query the database based on the request. For ex-
ample, the user can submit a query that includes open-
ended, free-form, natural language questions about the
live video feed. These questions may further indicate
where the identifier 200 should focus the analytical and
recognition resources of the system. Based on this spec-
ified analysis, the system can generate a natural lan-
guage answer or a warning message that is relevant to
the user’s questions or interests. In some examples, the
user input is further utilized as a means to train the iden-
tifier 200 for automated recognition of objects and activ-
ities of interest to the user. For instance, in one example,
the query engine is trained based on combinations of
user input and corresponding responses such that upon
receiving a user input, the query engine is configured to
infer the correct response as opposed to querying the
database based on the request.
[0034] In some examples, the identifier 200 is config-
ured to process the live video feed to predict a future
outcome. In particular, the predictor 208 is configured to
predict a future outcome of interest based on identifica-
tion of at least two predefined objects or activities from
the plurality of objects and activities. This may include,
for example, identifying at least one of the at least two
predefined objects or activities within a current frame of
the live video, and another of the at least two predefined
objects or activities within the current frame or a subse-
quent frame of the live video. In response, the alert engine
206 is configured to generate an alert to indicate the fu-
ture outcome of interest so predicted. For example, in
response to detecting or predicting any suspicious be-
havior or anomalies that are relevant to the plurality of
objects and activities identified within the live video, the
alert engine may rapidly transmit warning messages to
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users through interfaces such as electronic mail, graph-
ical user interfaces of the display and the like.
[0035] In a more particular example, a human user
queries a question q, and selects objects or activities of
interest by clicking on the objects or activities of interest
with a mouse. The user may also specify a duration of
interest. The query engine then embeds the query and
other inputs into another matrix B. In this matrix, the ques-
tion is defined by an internal state vector. A match is
performed between the internal state vector and the
memory of the stored ith description, mi, by taking the
inner product followed by a multinomial logistic regres-
sion (e.g., softmax regression). These steps form a con-
tinuous representation for both the sequential description
x and q in the probability form, pi, which is also considered
as the probability of match formed over the descriptions.
[0036] Further, in these examples, a multi-step mech-
anism is applied in which the continuous representation
is processed by multiple computational hops to deter-
mine answers that best match the set of inputs given by
the user. In some examples, the system is trained by
backpropagation to perform the computational steps au-
tomatically. The number of step computations are sup-
ported by stacking multiple layers of memory embedding
matrix and another corresponding matrix. These layers
are formed such that the sum of the output and the input,
from the query, forms the next layer of input. The system
then predicts the best match answer. This final prediction
is generated by the sum of an output vector and the input
query internal state through a computed attention weight
matrix and a multinomial logistic regression (e.g., soft-
max regression). The attention weight matrix is formed
during training process, such as a backpropagation al-
gorithm, as described above. In some examples, system
learns from sufficient domain-specific training data to that
the system will provide answers that are relevant to the
user’s specific domains.
[0037] Referring again to Figure 1, using the plurality
of objects and activities identified by the identifier 104,
the text generator 106 may then be configured to gener-
ate natural language text that describes a storyline of the
live video feed, and output the natural language text au-
dibly or visually with a display of the live video feed. Figure
3 illustrates an exemplary video feed 302 and display
304 with corresponding natural language text that de-
scribes the storyline of the live video feed. In some ex-
amples, the text generator is configured to filter the nat-
ural language text and thereby the storyline to relate only
to the object of interest or the activity of interest. In some
examples in which the query engine 202 is configured to
receive user input that specifies a request for information
regarding at least one object or activity of the plurality of
objects and activities, and query the database based on
the request, the text generator 106 is configured to gen-
erate and output for display, natural language text re-
sponsive to the request. In some implementations, the
text generator is further configured to generate a text log
in which the natural language text that describes the sto-

ryline or the live video feed, or is more particularly re-
sponsive to a user request, is logged into searchable
formats for rapid retrieval purposes during subsequent
user request.
[0038] Figure 4 illustrates a flowchart including various
operations of a method 400 for automated object and
activity tracking in a live video feed. As shown at block
402, the method includes receiving a live video feed. The
method also includes processing the live video feed to
identify a plurality of objects and activities therein, and
to generate natural language text that describes a sto-
ryline of the live video feed using the plurality of objects
and activities so identified, as shown in block 404. The
live video feed is processed using computer vision, nat-
ural language processing and machine learning, and a
catalog of identifiable objects and activities. The method
also includes outputting the natural language text audibly
or visually with a display of the live video feed, as shown
in block 406.
[0039] According to some example implementations
of the present disclosure, the system 100 and its subsys-
tems and/or components including the receiver 102,
identifier 104 and text generator 106 may be implement-
ed by various means. Similarly, the identifier 200 and its
respective subsystems and/or components may be im-
plemented by various means. Means for implementing
the systems, subsystems and their respective elements
may include hardware, alone or under direction of one
or more computer programs from a computer-readable
storage medium.
[0040] In some examples, one or more apparatuses
may be provided that are configured to function as or
otherwise implement the systems, subsystems, tools and
respective elements shown and described herein. In ex-
amples involving more than one apparatus, the respec-
tive apparatuses may be connected to or otherwise in
communication with one another in a number of different
manners, such as directly or indirectly via a wired or wire-
less network or the like.
[0041] Figure 5 illustrates an apparatus 500 according
to some example implementations of the present disclo-
sure. Generally, an apparatus of example implementa-
tions of the present disclosure may comprise, include or
be embodied in one or more fixed or portable electronic
devices. Examples of suitable electronic devices include
a smartphone, tablet computer, laptop computer, desk-
top computer, workstation computer, server computer or
the like. The apparatus may include one or more of each
of a number of components such as, for example, a proc-
essor 502 (e.g., processor unit) connected to a memory
504 (e.g., storage device).
[0042] The processor 502 is generally any piece of
computer hardware that is capable of processing infor-
mation such as, for example, data, computer programs
and/or other suitable electronic information. The proces-
sor is composed of a collection of electronic circuits some
of which may be packaged as an integrated circuit or
multiple interconnected integrated circuits (an integrated
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circuit at times more commonly referred to as a "chip").
The processor may be configured to execute computer
programs, which may be stored onboard the processor
or otherwise stored in the memory 504 (of the same or
another apparatus).
[0043] The processor 502 may be a number of proc-
essors, a multi-processor core or some other type of proc-
essor, depending on the particular implementation. Fur-
ther, the processor may be implemented using a number
of heterogeneous processor systems in which a main
processor is present with one or more secondary proc-
essors on a single chip. As another illustrative example,
the processor may be a symmetric multi-processor sys-
tem containing multiple processors of the same type. In
yet another example, the processor may be embodied
as or otherwise include one or more application-specific
integrated circuits (ASICs), field-programmable gate ar-
rays (FPGAs) or the like. Thus, although the processor
may be capable of executing a computer program to per-
form one or more functions, the processor of various ex-
amples may be capable of performing one or more func-
tions without the aid of a computer program.
[0044] The memory 504 is generally any piece of com-
puter hardware that is capable of storing information such
as, for example, data, computer programs (e.g., compu-
ter-readable program code 506) and/or other suitable in-
formation either on a temporary basis and/or a perma-
nent basis. The memory may include volatile and/or non-
volatile memory, and may be fixed or removable. Exam-
ples of suitable memory include random access memory
(RAM), read-only memory (ROM), a hard drive, a flash
memory, a thumb drive, a removable computer diskette,
an optical disk, a magnetic tape or some combination of
the above. Optical disks may include compact disk - read
only memory (CD-ROM), compact disk - read/write (CD-
R/W), DVD or the like. In various instances, the memory
may be referred to as a computer-readable storage me-
dium. The computer-readable storage medium is a non-
transitory device capable of storing information, and is
distinguishable from computer-readable transmission
media such as electronic transitory signals capable of
carrying information from one location to another. Com-
puter-readable medium as described herein may gener-
ally refer to a computer-readable storage medium or
computer-readable transmission medium.
[0045] In addition to the memory, the processor may
also be connected to one or more interfaces 508 for dis-
playing, transmitting and/or receiving information. The
interfaces may include a communications interface (e.g.,
communications unit) and/or one or more user interfaces.
The communications interface may be configured to
transmit and/or receive information, such as to and/or
from other apparatus(es), network(s) or the like. The
communications interface may be configured to transmit
and/or receive information by physical (wired) and/or
wireless communications links. Examples of suitable
communication interfaces include a network interface
controller (NIC), wireless NIC (WNIC) or the like.

[0046] The user interfaces may include a display 510
and/or one or more user input interfaces 512 (e.g., in-
put/output unit). The display may be configured to
present or otherwise display information to a user, suit-
able examples of which include a liquid crystal display
(LCD), light-emitting diode display (LED), plasma display
panel (PDP) or the like.
[0047] The user input interfaces 512 may be wired or
wireless, and may be configured to receive information
from a user into the apparatus, such as for processing,
storage and/or display. Suitable examples of user input
interfaces include a microphone, image or video capture
device, keyboard or keypad, joystick, touch-sensitive
surface (separate from or integrated into a touchscreen),
biometric sensor or the like. The user interfaces may fur-
ther include one or more interfaces for communicating
with peripherals such as printers, scanners or the like.
[0048] As indicated above, program code instructions
may be stored in memory, and executed by a processor,
to implement functions of the systems, subsystems and
their respective elements described herein. As will be
appreciated, any suitable program code instructions may
be loaded onto a computer or other programmable ap-
paratus from a computer-readable storage medium to
produce a particular machine, such that the particular
machine becomes a means for implementing the func-
tions specified herein. These program code instructions
may also be stored in a computer-readable storage me-
dium that can direct a computer, a processor or other
programmable apparatus to function in a particular man-
ner to thereby generate a particular machine or particular
article of manufacture. The instructions stored in the com-
puter-readable storage medium may produce an article
of manufacture, where the article of manufacture be-
comes a means for implementing functions described
herein. The program code instructions may be retrieved
from a computer-readable storage medium and loaded
into a computer, processor or other programmable ap-
paratus to configure the computer, processor or other
programmable apparatus to execute operations to be
performed on or by the computer, processor or other pro-
grammable apparatus.
[0049] Retrieval, loading and execution of the program
code instructions may be performed sequentially such
that one instruction is retrieved, loaded and executed at
a time. In some example implementations, retrieval, load-
ing and/or execution may be performed in parallel such
that multiple instructions are retrieved, loaded, and/or ex-
ecuted together. Execution of the program code instruc-
tions may produce a computer-implemented process
such that the instructions executed by the computer,
processor or other programmable apparatus provide op-
erations for implementing functions described herein.
[0050] Execution of instructions by a processor, or stor-
age of instructions in a computer-readable storage me-
dium, supports combinations of operations for perform-
ing the specified functions. In this manner, an apparatus
500 may include a processor 502 and a computer-read-
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able storage medium or memory 504 coupled to the proc-
essor, where the processor is configured to execute com-
puter-readable program code 506 stored in the memory.
It will also be understood that one or more functions, and
combinations of functions, may be implemented by spe-
cial purpose hardware-based computer systems and/or
processors which perform the specified functions, or
combinations of special purpose hardware and program
code instructions.
[0051] Further, the disclosure comprises embodi-
ments according to the following clauses:

Clause 1. An apparatus for automated object and
activity tracking in a live video feed, the apparatus
comprising a processor and a memory storing exe-
cutable instructions that, in response to execution
by the processor, cause the apparatus to at least:

receive a live video feed;
process the live video feed to identify a plurality
of objects and activities therein, and to generate
natural language text that describes a storyline
of the live video feed using the plurality of objects
and activities so identified, wherein the live video
feed is processed using computer vision, natural
language processing and machine learning, and
a catalog of identifiable objects and activities;
and
output the natural language text audibly or vis-
ually with a display of the live video feed.

Clause 2. The apparatus of Clause 1, wherein the
memory stores further executable instructions that,
in response to execution by the processor, cause
the apparatus to maintain the catalog of identifiable
objects and activities using the machine learning,
including the apparatus being caused to update cor-
responding objects and activities in the catalog with
attributes of at least some of the plurality of objects
and activities.

Clause 3. The apparatus of any one of Clauses 1-2,
wherein the memory stores further executable in-
structions that, in response to execution by the proc-
essor, cause the apparatus to at least:

receive user input specifying an object of interest
or an activity of interest;
process the live video feed to further identify the
object of interest or the activity of interest in the
plurality of objects and activities; and
spatiotemporally track the object of interest in
the live video feed, or generate an alert to indi-
cate identification of the activity of interest in the
live video feed.

Clause 4. The apparatus of Clause 3, wherein the
apparatus that generates the natural language text

filters the natural language text and thereby the sto-
ryline to relate only to the object of interest or the
activity of interest.

Clause 5. The apparatus of any one of Clauses 1-4,
wherein the apparatus that processes the live video
feed further includes the apparatus being caused to
generate a corresponding database of information
describing the plurality of objects and activities, and
the memory stores further executable instructions
that, in response to execution by the processor,
cause the apparatus to at least:

receive user input specifying a request for infor-
mation regarding at least one object or activity
of the plurality of objects and activities; and in
response thereto,
query the database based on the request; and
generate and output for display, natural lan-
guage text responsive to the request.

Clause 6. The apparatus of any one of Clauses 1-5,
wherein the apparatus being caused to process the
live video feed to identify the plurality of objects and
activities includes being caused to at least:

predict a future outcome of interest based on
identification of at least two predefined objects
or activities from the plurality of objects and ac-
tivities; and
generate an alert to indicate the future outcome
of interest so predicted.

Clause 7. The apparatus of Clause 6, wherein the
apparatus being caused to predict the future out-
come of interest includes being caused to at least
identify at least one of the at least two predefined
objects or activities within a current frame of the live
video, and another of the at least two predefined ob-
jects or activities within the current frame or a sub-
sequent frame of the live video.

Clause 8. A method for automated object and activity
tracking in a live video feed, the method comprising:

receiving a live video feed;
processing the live video feed to identify a plu-
rality of objects and activities therein, and to gen-
erate natural language text that describes a sto-
ryline of the live video feed using the plurality of
objects and activities so identified, wherein the
live video feed is processed using computer vi-
sion, natural language processing and machine
learning, and a catalog of identifiable objects
and activities; and
outputting the natural language text audibly or
visually with a display of the live video feed.
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Clause 9. The method of Clause 8 further comprising
maintaining the catalog of identifiable objects and
activities using the machine learning, including up-
dating corresponding objects and activities in the cat-
alog with attributes of at least some of the plurality
of objects and activities.

Clause 10. The method of any one of Clauses 8-9
further comprising:

receiving user input specifying an object of in-
terest or an activity of interest;
processing the live video feed to further identify
the object of interest or the activity of interest in
the plurality of objects and activities; and
spatiotemporally tracking the object of interest
in the live video feed, or generating an alert to
indicate identification of the activity of interest in
the live video feed.

Clause 11. The method of Clause 10, wherein gen-
erating the natural language text includes filtering
the natural language text and thereby the storyline
to relate only to the object of interest or the activity
of interest.

Clause 12. The method of any one of Clauses 8-11,
wherein processing the live video feed further in-
cludes generating a corresponding database of in-
formation describing the plurality of objects and ac-
tivities, and the method further comprising:

receiving user input specifying a request for in-
formation regarding at least one object or activity
of the plurality of objects and activities; and in
response thereto,
querying the database based on the request;
and
generating and output for display, natural lan-
guage text responsive to the request.

Clause 13. The method of any one of Clauses 8-12,
wherein processing the live video feed to identify the
plurality of objects and activities includes:

predicting a future outcome of interest based on
identification of at least two predefined objects
or activities from the plurality of objects and ac-
tivities; and
generating an alert to indicate the future out-
come of interest so predicted.

Clause 14. The method of Clause 13, wherein pre-
dicting the future outcome of interest includes iden-
tifying at least one of the at least two predefined ob-
jects or activities within a current frame of the live
video, and another of the at least two predefined ob-
jects or activities within the current frame or a sub-

sequent frame of the live video.

Clause 15. A computer-readable storage medium for
automated object and activity tracking in a live video
feed, the computer-readable storage medium having
computer-readable program code stored therein
that, in response to execution by a processor, cause
an apparatus to at least:

receive a live video feed;
process the live video feed to identify a plurality
of objects and activities therein, and to generate
natural language text that describes a storyline
of the live video feed using the plurality of objects
and activities so identified, wherein the live video
feed is processed using computer vision, natural
language processing and machine learning, and
a catalog of identifiable objects and activities;
and
output the natural language text audibly or vis-
ually with a display of the live video feed.

Clause 16. The computer readable storage medium
of Clause 15 having computer-readable program
code stored therein that, in response to execution
by a processor, causes the apparatus to further at
least maintain the catalog of identifiable objects and
activities using the machine learning, including the
apparatus being caused to update corresponding
objects and activities in the catalog with attributes of
at least some of the plurality of objects and activities.

Clause 17. The computer readable storage medium
of any one of Clauses 15-16 having computer-read-
able program code stored therein that, in response
to execution by a processor, causes the apparatus
to further at least:

receive user input specifying an object of interest
or an activity of interest;
process the live video feed to further identify the
object of interest or the activity of interest in the
plurality of objects and activities; and
spatiotemporally track the object of interest in
the live video feed, or generate an alert to indi-
cate identification of the activity of interest in the
live video feed.

Clause 18. The computer readable storage medium
of any one of Clauses 15-17, wherein the apparatus
being caused to generate the natural language text
includes being caused to filter the natural language
text and thereby the storyline to relate only to the
object of interest or the activity of interest.

Clause 19. The computer readable storage medium
of any one of Clauses 15-18, wherein the apparatus
being caused to process the live video feed further
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includes the apparatus being caused to generate a
corresponding database of information describing
the plurality of objects and activities, and the com-
puter readable storage medium having computer-
readable program code stored therein that, in re-
sponse to execution by a processor, causes the ap-
paratus to further at least:

receive user input specifying a request for infor-
mation regarding at least one object or activity
of the plurality of objects and activities; and in
response thereto,
query the database based on the request; and
generate and output for display, natural lan-
guage text responsive to the request.

Clause 20. The computer readable storage medium
of any one of Clauses 15-19, wherein the apparatus
being caused to process the live video feed to identify
the plurality of objects and activities includes being
caused to at least:

predict a future outcome of interest based on
identification of at least two predefined objects
or activities from the plurality of objects and ac-
tivities; and
generate an alert to indicate the future outcome
of interest so predicted.

Clause 21. The computer readable storage medium
of Clause 20, wherein the apparatus being caused
to predict the future outcome of interest includes be-
ing caused to at least identify at least one of the at
least two predefined objects or activities within a cur-
rent frame of the live video, and another of the at
least two predefined objects or activities within the
current frame or a subsequent frame of the live video.

[0052] Many modifications and other implementations
of the disclosure set forth herein will come to mind to one
skilled in the art to which the disclosure pertains having
the benefit of the teachings presented in the foregoing
description and the associated drawings. Therefore, it is
to be understood that the disclosure is not to be limited
to the specific implementations disclosed and that mod-
ifications and other implementations are intended to be
included within the scope of the appended claims. More-
over, although the foregoing description and the associ-
ated drawings describe example implementations in the
context of certain example combinations of elements
and/or functions, it should be appreciated that different
combinations of elements and/or functions may be pro-
vided by alternative implementations without departing
from the scope of the appended claims. In this regard,
for example, different combinations of elements and/or
functions than those explicitly described above are also
contemplated as may be set forth in some of the append-
ed claims. Although specific terms are employed herein,

they are used in a generic and descriptive sense only
and not for purposes of limitation.
[0053] Many modifications and other implementations
of the disclosure set forth herein will come to mind to one
skilled in the art to which the disclosure pertains having
the benefit of the teachings presented in the foregoing
description and the associated drawings. Therefore, it is
to be understood that the disclosure is not to be limited
to the specific implementations disclosed and that mod-
ifications and other implementations are intended to be
included within the scope of the appended claims. More-
over, although the foregoing description and the associ-
ated drawings describe example implementations in the
context of certain example combinations of elements
and/or functions, it should be appreciated that different
combinations of elements and/or functions may be pro-
vided by alternative implementations without departing
from the scope of the appended claims. In this regard,
for example, different combinations of elements and/or
functions than those explicitly described above are also
contemplated as may be set forth in some of the append-
ed claims. Although specific terms are employed herein,
they are used in a generic and descriptive sense only
and not for purposes of limitation.

Claims

1. An apparatus for automated object and activity track-
ing in a live video feed (500), the apparatus (500)
comprising a processor (502) and a memory (504)
storing executable instructions that, in response to
execution by the processor (502), cause the appa-
ratus (500) to at least:

receive a live video feed;
process the live video feed to identify a plurality
of objects and activities therein, and to generate
natural language text that describes a storyline
of the live video feed using the plurality of objects
and activities so identified, wherein the live video
feed is processed using computer vision, natural
language processing and machine learning, and
a catalog of identifiable objects and activities;
and
output the natural language text audibly or vis-
ually with a display of the live video feed.

2. The apparatus of Claim 1, wherein the memory (504)
stores further executable instructions that, in re-
sponse to execution by the processor (502), cause
the apparatus (500) to maintain the catalog of iden-
tifiable objects and activities using the machine
learning, including the apparatus (500) being caused
to update corresponding objects and activities in the
catalog with attributes of at least some of the plurality
of objects and activities.
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3. The apparatus of any one of Claims 1-2, wherein the
memory (504) stores further executable instructions
that, in response to execution by the processor (502),
cause the apparatus (500) to at least:

receive user input specifying an object of interest
or an activity of interest;
process the live video feed to further identify the
object of interest or the activity of interest in the
plurality of objects and activities; and
spatiotemporally track the object of interest in
the live video feed, or generate an alert to indi-
cate identification of the activity of interest in the
live video feed.

4. The apparatus of Claim 3, wherein the apparatus
that generates the natural language text filters the
natural language text and thereby the storyline to
relate only to the object of interest or the activity of
interest.

5. The apparatus of any one of Claims 1-4, wherein the
apparatus that processes the live video feed further
includes the apparatus being caused to generate a
corresponding database of information describing
the plurality of objects and activities, and the memory
(504) stores further executable instructions that, in
response to execution by the processor (502), cause
the apparatus to at least:

receive user input specifying a request for infor-
mation regarding at least one object or activity
of the plurality of objects and activities; and in
response thereto,
query the database based on the request; and
generate and output for display, natural lan-
guage text responsive to the request.

6. The apparatus of any one of Claims 1-5, wherein the
apparatus being caused to process the live video
feed to identify the plurality of objects and activities
includes being caused to at least:

predict a future outcome of interest based on
identification of at least two predefined objects
or activities from the plurality of objects and ac-
tivities; and
generate an alert to indicate the future outcome
of interest so predicted.

7. The apparatus of Claim 6, wherein the apparatus
being caused to predict the future outcome of interest
includes being caused to at least identify at least one
of the at least two predefined objects or activities
within a current frame of the live video, and another
of the at least two predefined objects or activities
within the current frame or a subsequent frame of
the live video.

8. A method for automated object and activity tracking
in a live video feed (400), the method comprising:

receiving a live video feed (402);
processing the live video feed to identify a plu-
rality of objects and activities therein, and to gen-
erate natural language text that describes a sto-
ryline of the live video feed using the plurality of
objects and activities so identified, wherein the
live video feed is processed using computer vi-
sion, natural language processing and machine
learning, and a catalog of identifiable objects
and activities (404); and
outputting the natural language text audibly or
visually with a display of the live video feed (406).

9. The method of Claim 8 further comprising maintain-
ing the catalog of identifiable objects and activities
using the machine learning, including updating cor-
responding objects and activities in the catalog with
attributes of at least some of the plurality of objects
and activities.

10. The method of any one of Claims 8-9 further com-
prising:

receiving user input specifying an object of in-
terest or an activity of interest;
processing the live video feed to further identify
the object of interest or the activity of interest in
the plurality of objects and activities; and
spatiotemporally tracking the object of interest
in the live video feed, or generating an alert to
indicate identification of the activity of interest in
the live video feed.

11. The method of Claim 10, wherein generating the nat-
ural language text includes filtering the natural lan-
guage text and thereby the storyline to relate only to
the object of interest or the activity of interest.

12. The method of any one of Claims 8-11, wherein
processing the live video feed further includes gen-
erating a corresponding database of information de-
scribing the plurality of objects and activities, and the
method further comprising:

receiving user input specifying a request for in-
formation regarding at least one object or activity
of the plurality of objects and activities; and in
response thereto,
querying the database based on the request;
and
generating and output for display, natural lan-
guage text responsive to the request.

13. The method of any one of Claims 8-12, wherein
processing the live video feed to identify the plurality

19 20 



EP 3 333 851 A1

12

5

10

15

20

25

30

35

40

45

50

55

of objects and activities includes:

predicting a future outcome of interest based on
identification of at least two predefined objects
or activities from the plurality of objects and ac-
tivities; and
generating an alert to indicate the future out-
come of interest so predicted.

14. The method of Claim 13, wherein predicting the fu-
ture outcome of interest includes identifying at least
one of the at least two predefined objects or activities
within a current frame of the live video, and another
of the at least two predefined objects or activities
within the current frame or a subsequent frame of
the live video.

15. A computer-readable storage medium (504) for au-
tomated object and activity tracking in a live video
feed, the computer-readable storage medium (504)
having computer-readable program code (506)
stored therein that, in response to execution by a
processor (502), cause an apparatus to at least:

receive a live video feed;
process the live video feed to identify a plurality
of objects and activities therein, and to generate
natural language text that describes a storyline
of the live video feed using the plurality of objects
and activities so identified, wherein the live video
feed is processed using computer vision, natural
language processing and machine learning, and
a catalog of identifiable objects and activities;
and
output the natural language text audibly or vis-
ually with a display of the live video feed.
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