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EFFICIENT VIDEO ANNOTATION WITH OPTICAL FLOW BASED ESTIMATION
AND SUGGESTION

RELATED APPLICATION INFORMATION

{0001]  Thiy appheation claums priosity to U.S. Provisional Pat. App, Ser. No.

62/311,318 SHled on March 22, 2016, incorporated herein by referance in its entivety.

BACKGROUND
Techmeal Field
{0002] The present invention relates to video processing and more particularly to

efficient video annotation with optical flow based estimation and suggestion,

Description of the Related Art
{00031 Recent approaches m object annotation are pranarily implemented on a web-
based system in order 1o crowd-source the annotation jobs. For instance, the popular
ImageNet dataset 1s annotated using a web-based annotation system that is deployed over
the Amazon Mechanical Turk® where many workers around the world can contribute to
the annotation process. The MIT Labelme dataset 13 also annotated using a similar web-
based annotation svstem. However, both of the systems are focused on single image
annotation where no temporal consistency or motion information is available. On the
other hand, the Video Annotation Tool from Irvine, California (VATIC) focuses on the
problem of bounding box anpotation in videos. The svsten is tmplemented using a GUI
based annotation tool where workers can specify the target object type, draw boxes to

annotate an object, and provide properties of the object if i is requested. In order 1o
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expedite the annotation process, the tool provides auntomatic box annotations in between
manually annotated frames by using g simple linear imerpolation. For example, if an
object 1 has a manual box annotation at time frame 1 and time frame 10, gl the boxes in
frames from 2 0 @ are auwtomatically generated by a linear interpolation process.
However, VATIC at keast suffers from being overly complex m its use of linear
nterpolation.

{0004] Thus, there 1s a need for an etficient video annotation system,

SUMMARY

{00051 According to an aspect of the present invention, a computer-implementad
method is provided for video snnotation of g video sequence that includes a plurslity of
frames. The method inchudes storing, by a computer, information representative of a
bownching box arowd a given target object in the video sequence in both a first frame and
a last frame of the video sequence that include the target object. The method further
includes generating, by the computer based on the information, estimated box annotations
of the given target object in suggested frames from among the plurality of frames. The
sugpested frames ate determined based on an annotation wettainty measure calvulated
using a set of already provided annotations for at least some of the plurality of frames
together with optical flow information for the video sequence. The method also includes
displaving, by the computer, various ones of the estimated box annotations of the given
target object in the suggested frames.

[0006]  According to another aspect of the present invention, a computer program

product is provided for video annotation of a video sequence that includes a plurality of
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frames. The computer program product mcludes a non-iransitory computer readable
storage medivm having program instructions embodied therewith. The program
instructions are executable by a computer to cause the computer to performn g method.
The method includes storing wnformation representative of a bounding box around 8 given
target object in the video sequence m both a first frame and a last frame of the video
sequence that include the target object. The method further wnchudes gonerating, based on
the information, estimated box annotations of the given target object in suggested frames
from among the pluraliy of frames. The suggested frames are determined based on an
annotation uncertainty measure calcuiated using a set of already provided annotations for
at least some of the plurality of frames together with optical flow information for the
video sequence. The method also includes displaving vartous ones of the estimated box
annotations of the given target object in the suggested frames.

{00071 According to vet another aspect of the present imvention, a compuler processing
system is provided for video annotation of a video sequence that includes a plarality of
frames. The computer processing system includes a memory configored to store
mformation representative of a bounding box around a given target object in the video
sequence i both a first frame and a last frame of the video sequence that include the
target object. The computer processing systemn further inchudes a processor configured to
generate, based on the information, estimated box annotations of the given target object
in suggested frames from among the plurality of frames. The suggested ffames are
determined based on an annotation uncertainty measure calculated using a set of already

provided annotations for at least some of the plurality of frames together with optical

flow information for the video sequence, The computer processing system also includes

s
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a display device configurad to display various ones of the estimated box annotations of
the given target obisct in the supgested frames.

{0008] These and other features and advantages will become apparent from the
following detailed description of iflustrative embodiments thereof, which is 1o be read
connection with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

{00091 The disclosure will provide details in the following description of preferred
embodiments with reference to the following figures wherein:

{00107 FIG. 1 shows a block diagram of an exemplary processing svstem 100 1o which
the present invention may be apphied, in accordance with an embodiment of the present
veniion;

{00111 FIG. 2 shows a block diagram of an exemplary environment 200 to which the
present mvention can be applied, in accordance with an embodiment of the present
mvention; and

(60121 FIGs. 3-5 show a flow diagram of an exemplary method 300 for efficient video
annotation with optical flow based estimation and suggestion, in accordance with an

embodiment of the present mvention,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
{00131 The present invention is directed to efficient video annotation with optical flow

based estimation and suggestion.
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{0014}  Inan embodunent, a new web-based system i3 provided to effictently annotate
objects as bounding boxes in long video sequences. Object box annotations are valugble
resources to train a robust and accurate visual recognition system. However, annotating
objects m videos requares an extensive amount of manual labor, which can take months
and a high amount of other related costs. Accelerating the annotation process can reduce
the operation cost significantly and help to guickly develop an accurate recognition
system. In an embodiment, the present invention exploits temporal consistency in object
motion as well as optical flow information in order to obtain a large number of bounding
box annotations with a minimal amount of manual iabor.

JO015]  Inan embodiment, the present invention uses a web-based GUI annotation
systemn, However, unlike VATIC, the present invention (1) uses optical flows to better
focalize the bounding hoxes and (2) suggests the best frame to be annotated in order to
minimize the required amount of manual inferaction.

{0016] The present invention computes the optical flow of the video sequence and
awtomatically estimates the box location in between annotation frames using the flow
mformation with a Kalman Filtering (linear quadratic estimation) algorithm. The present
invention can provide far better estimation of the bounding boxes than linear
mnterpolation, especially when targets” motions are complicated {non-linear).

[0017] In VATIC, users have full freedom on which frames need to be annotated.
Some users may choose to annotate every frame in 8 sequential manner, which requires
much more time than necessary. Another simple alternative strategy might be annotating

every N-th frame. This strategy will reduce the required cost'time by N times. However,
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case. Moreover, the quality of annotation might be uot acceptable when a target obyject
undergoss nonlinear motion in g certain pertod of time, where more annotations are
required. The present invention automatically calculates the uncertainty of the annotation
i unlabeled frames, and saggests the best annotation frame to the users so as to punimze
the annotation loss globally (that is, across an entive video sequence).

[0018] FIG. 1 shows a block diagram of an exemplary processing system 100 to which
the invention principles may be applied, 1n accordance with an embodiment of the present
invention. The processing system 100 includes at least one processor (CPL} 104
operatively coupled to other components via a system bus 102. A cache 108, a Read
Only Memory {ROM} 108, a Random Access Memory (RAM) 110, an mputioutput {1/}
adapter 120, a sound adapter 130, a network adapier 140, a user interface adapter 150,
ard a display adapter 160, are operatively coupled to the system bug 102,

[O019] A first storage device 122 and a second storage device 124 are operatively
coupled to system bus 102 by the IYO adapter 120, The storage devices 122 and 124 can
be any of a disk storage device {e.g., a magnetic or optical disk storage device), a solid
state magnetic device, and so forth. The storage devices 122 and 124 can be the same
tvpe of storage device or different types of storage devices.

{00201 A speaker 132 is operatively coupled o system bus 102 by the sound adapter
1303, The speaker 132 can be used to provide an andible alarm or some other mdication
relating to resilient battery charging in accordance with the present mvention. A
transceiver 142 is operatively coupled to system bus 102 by network adapter 140, A

display device 162 s operatively coupled to system bus 102 by display adapter 160.
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{0021] A first user input device 152, a second user input device 154, and a third user
mput device 156 are operatively coupled to system bus 102 by user interface adapter 150,
The user input devices 152, 154, and 156 can be any of a kevboard, a mouse, a keypad,
an tmage capture device, a motion sensing device, a microphone, a device incorporating
the functionality of at least two of the preceding devices, and so forth, Of cowrse, other
tvpes of mput devices can alse be used, while maintainng the sparit of the present
mvention. The user input devices 152, 154, and 156 can be the same type of user input
device or different types of user input devices. The user input devices 152, 154, and 156
are used to mput and output information to and from system 100,

j00221  Of conrse, the processing system 100 miay also inclade other elements (not
shown), as readidy contemplated by one of skill in the art, as well as omit centamn
slements. For example, various other input devices and/or output devices can be
mchuded in processing svstemn 100, depending upon the particular implementation of the
same, as readily understood by one of ordinary skill in the art. For example, various
types of wireless and/or wired input andfor output devices can be used. Moreover,
additional processors, controllers, memories, and so forth, in varions configurations can
atso be ntilized as readily appreciated by one of ordinary skill in the art. These and other
variations of the processing systemn 100 are readily contemnplated by one of ordinary skill
in the art given the teachings of the present invention provided herem.

{0023] Moreover, it is to be appreciated that environment 200 described below with
respect to FIG. 2 is an environment for timplementing respective embodiments of the
present mvention. Part or all of processing system 100 may be implemented in one or

s

more of the elements of enviromment 206,

|
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{0024}  Further, itis to be appreciated that processing system 100 may perform at least
part of the miethod described herein including, for exanple, at least part of method 300 of
FIGs. 3-5. Sinularly, part or all of environment 200 may be used to perform at least part
of method 300 of FIGs. 3-3

[G0231  FIG. 2 shows an exemplary enviropment 200 to which the present mvention can
be applied, in accordance with an embodiment of the present mvention,

{00261 The environment includes a server 210 and a web client device (hereinafter
“web client”™ in short) 220. The web chent 220 can be any type of computer processing
device capable of video annotation in accordance with the present invention including,
but not limited to, servers, desktops, laptops, tablets, smart phones, media playback
devices, and so forth,

{0027] The server 210 at least includes a processor 211, a cache 212, a database 213,
and a network adapter 214.

{0028]  The web client 220 includes a processor 221, a memory 222, a Graphical Liser
Interface (GUI) annotation tool 223, an automatic annotation engine 224, and a network
adapter 225

{00291 A job {a video sequence) can be loaded into the server 210, The server 210 will
cache optical flows when loading the job, and store the corresponding images and optical
flows into the database 213, Once the data loading s done, users can sccess the data
through the GUI annotation tool 223 in order to annotate the data in an annotation
process. The aanotation process is described below with respect to FIG. 3

[0030]  In the embodiment shown in FIG. 2, the elements thereof are interconnected by

anetwork{s) 201, However, m other embodiments, other types of connections can also

]
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be used. Additionally, one or more elements in FIG. 2 may be implemented by a variety
of devices, which mclude but are not lnsted to, Digital Signal Processing {DSP) civcuits,
programmable processors, Application Specitfic Integrated Circwits (ASICs), Field
Programmable Gate Arravs (FPGAS), Complex Programmable Logic Devices (CPLDs),
and so forth. These and other variations of the elements of environment 200 are readily
deterrnined by one of ordinary skill i the art, given the teachings of the present invention
provided herein, while maintatming the spint of the present invention.

[0031]  FIGK. 3-5 show a How diagram of an exemplary method 300 for efficient video
annotation of a video sequence with optical flow based estimation and suggestion, in
accordance with an embodiment of the present invention. The method 300 can be
performed by a coruputer processing svstem such as, for example, server 210 m FIG. 2. A
user can iterate over the method 300

{00321 Atstep 310, for a given target obyect under consideration in the video sequence,
receive a nser input representative of a bounding box around the target object in both the
first visible frame and the last visible frame of the video sequence that include the target
object. For example, a nser can draw the bounding box, e.g., using a mouse and/or
kevboard of the GUI annotation tool 223 of the web client 220 of FIG. 2. Inan
embodiment, the determination of where 1o place the beunding box m gach frame is
based on time stamps. For example, in an embodiment, step 310 can involve navigating
through different time stamps of the video to identify the first and last frame of each
target object. The user input is received by the server 210 from the web client 210 of

FIG. 2. In an embodiment, step 310 can involve storing information relating to the user
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input, the information being representative of the bounding boxes i the first and last

frames.
(00331 At step 320, receive estimated box annotations of the given target objectin
suggested time frames, based on the wser nput (bounding boxes) received at step 310,

The suggested time frames are suggested by the server 210 and indicated to {received by}
the web client 220,

{0034]  In an embodiment, step 320 can include one or more of steps 3204, 3208,
3200, 320D, 320K, 320F, and 320G.

{0035]  Atstep 320A, receive a user inpud requesting assistance. For example, the user
input can be recetved responsive to the user pressing andfor otherwise actuating a
“Helpme!” button andfor other predesignated kev/button 1o find the optimal suggested
frame{s} of annotation and move to that optimal time frame(s}.

[0036] At step 3208, display the cwrrent estimated {and su

goested) box annotation as a

box with solid lines, and display an alternative estimated {(and suggested) box annotation
as a box with dashed lines. The current and alterative estimated box snnotations are
displayed on suggested frames of the video sequence.

{00371  In an embodiment, step 3208 includes step 32081,

{00381 At step 320B1, automatically determing (1) estimated box annotations using
optical flow information and (i) frame suggestions based on an uncertainty measore
calculated based on already provided annotations and optical flow information for the

video sequence. Both of the determunations (i) and (i) can be implemented based on a

Kalman filening framework that takes already provided annotations {e.g., in only few

1Q
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produces the best estimated bounding boxes in (or across) all frames as well as an
uncertainty measure m these frames as outputs. The present invention can fill in the
annotations with the best estimated bounding boxes and suggest the least certain frame to
the user to annotate so as to minimize the expected losy in annotation quality across the
video sequence.

[0039]  Atrstep 320C, recetve a user input regarding the current estimmated box
amotation and the alternative estimated box amnotation. The user input can be to select
one of the two, or {o request another alternative estimated box annotation. For example,
if the current estimated box annotation is acceptable, then the user can sunply press the
“g" key (indicative of “good” or “acceptable”, or some other pre-designated key) on the
kevboard to switch to the alternative. Otherwise, if the alteroative estimated box
annotation is acceptable, then the user can stmply press the “s7 key {indicative of
“switching” to the alternate estimated box annotation, or some other pre-designated key)
on the kevboard to switch o the alternative estimated box annotation. Sull otherwise, the
user can simply press the “2” key (indicative of requesting another alternative, or some
other pre-designated kev) to switch to another alternative estimated box annotation,
{00407  Asstep 320D, determing whether the user selected any of the current estimated
box annotation or the alternative estimated box annotation (hased on the user mput
recerved at step 320C). I so, then proceed 1o step 330, QOtherwise, proceed to step 320E.
{0041]  Arstep 320E, display another alternative estimated box annotation as a box
with dashed lines.

{0042} Az step 320F, recetve a user input regarding the other alternative estimated box

amiotation. For exaruple, if the alternative 15 good, then the user can stmply press the ™5™

H
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key {or some other pre~-designated key} on the keyboard to select the other alteinative
estimated box annotation.

(00431 Arstep 320G, detenmine whether the user selected the other alternative
estimated box annotation {based on the user inpui received at step 320F). 1 so, then
proceed to step 330, Otherwise, return to step 330K

[0044]  Atstep 330, deternune whether enough annotations have been provided fora
given one of the target objects. If so, then proceed to step 340, Otherwise, return to step
320 1o add further annotations {o the suggested frames and/or other (newly} suggested
frames. Otherwise, refumn to step 320 to process the next given target object. The
deterntination can be based on a threshold amount of annotations, an expected amount of
annotations, historieal annotations, and so forth,

{00437  Arstep 340, display a message indicating that a sufficient amount of
annotations has been received for the given target object and further display a validation
screen that summarnizes all the annotations of the given target object over time. Then
return 1o step 3204 to process the next target object under consideration in the video
sequence.

{00461 A description will now be given regarding specific competitivecommervial
values of the solution achieved by the present invention.

[0047]  For example, the present invention can reduce both the cost and time of the
annotation process and also can help a wser obtain high quality annotations with a minimal
amount of user training. Since the system automatically generates unlabeled bounding
boxes and suggest the best frames to be annotated, it can significantly reduce the required

number of manual inferactions by the wser. In addifion, since the present tnvention also
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provides a gwidance {optimal frame to be annotated) to the user, better quality of the
annotations is obtained,

[0048] Embodiments described heretn moay be entively hardware, entirely software or
inclading both hardware and software elements. In a preferred embodiment, the present
mvention 1s implemented i software, which meludes but 13 not imited to firmware,
restdent software, microcode, ete.

{0049] Embodiments may inclode a computer program product accessible from g
computer-usable or computer-readable mediom providing program code for use by orin
connection with a computer or any mstruction execution system. A computer-usable or
cotnputer readable medinm may include any apparatus that stores, communicates,
propagates, or transports the program for use by or in connection with the instroction
execution system, appavatus, o device. The medinm can be magnetic, optical, electronie,
electromagnetic, infrared, or semiconductor system {or apparatus or device} or a
propagation medinm. The medium may include a computer-readable storage medinm
sach as a semiconductor or solid state memory, magnetic tape, a removable computer
disketie, a random access memory (RAM]}, a read-only memory (ROM}, a rigid magnetic
disk and an optical disk, ete.

{00501  Each computer program miay be tangibly stored m a machine-readable storage
media or device {e.g., program memory o magnetic disk) readable by 4 general or
special purpose programmable computer, for configuring and controlling operation of a
computer when the storage media or device is read by the computer to perform the
procedures described herein. The inventive svstem may also be considered to be

embodied 1 # computer-readable storage medinm, configured with a computer program,
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where the storage medium so configured causes a computer to operate in a spegific and
predefined manner to perform the functions described herein.

[O051] A data processing system suttable for storing andfor executing program code
may include at least one processor coupled directly or indirectly to memory elements
through a system bus. The memory elements can include local memory emploved during
actual execution of the program code, bulk storage, and cache menories which provide
temporary storage of at least some program code to reduce the number of times code 13
retrieved from bulk storage during execution. Inpotioutput or VO devices {including but
not Hmited to keyboards, displays, pointing devices, gte.) may be coupled to the system
etther directly or through imervening VO controllers,

[0052]  Network adapters may alse be coupled to the system to enable the data
processing sysiem 1o become coupled to other data processing systems of remote printers
or storage devices through intervening private or public networks. Modems, cable
modem and Ethemet cards are just a few of the currently available types of network
adapters,

[0053] Reference in the spectfication to “one embodiment” or “an embodiment” of the
present imvention, as well as other variations thereof, means that a particular feature,
structure, characteristic, and so forth described in connection with the smbodiment 15
included in at least one embodiment of the present invention. Thas, the appearances of
the phrase “ipn one embodiment”™ or “in an embodiment”™, as well any other variations,
appearing in various places throughout the specification are not necessarily all referring

10 the same embodiment.
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{0054} Itis to be appreciated that the use of any of the following */7, “andfor™, and “st
least one of ", for examyple, in the cases of "AB”, “A andfor B” and “at least one of A and
BY, is intended to encompass the selection of the first listed option (A} only, or the
selection of'the second listed option (B} only, or the selection of both options (A and B).
As a further example, in the cases of “A, B, andior 7 and “at least oneof &, B, and €,
such phrasing is intended to encompass the selection of the first listed option (A} only, or
the selection of the second listed option (B) only, or the selection of the third listed option
{C} only, or the selection of the first and the second listed options (A and B) only, or the
selection of the first and third listed options {A and C) only, or the selection of the second
and third lsted options (B and C) only, or the selection of all three options (A and B and
). This may be extended, as readily apparent by one of ordinary skill in this and related
arts, for as many items hsted.

{00531 The foregoing is to be wilersiood as being in every respect tlustrative and
exemplary, but not restrictive, and the scope of the invention disclosed herein 1s not to be
determined from the Detailed Description, but rather from the claims as interpreted
according to the fall breadth permitted by the patent lavws. It is to be onderstood that the
embodiments shovn and described herein are only iHustrative of the principles of the
present invention and that those skilled in the art may tuplement vartous modifications
without departing from the scope and spint of the mvention. Those skilled in the art could
implement various other feature combinations without departing frons the scope and spirit
of the mvention. Having thus described aspects of the invention, with the details and
particularity required by the patent laws, what 1s claimed and desired protected by Letters

Patent is set forth m the appended claims,

o
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WHAT IS CLAIMED 1S

1. A computer-implernented method for video annotation of @ videp
sequence that includes a plurality of frames, the method comprising:

stormg, by a compuder, information representative of a bounding box around a
given target object in the video sequence in both a first frame and a last frame of the
video sequence that include the target object;

generating, by the computer based on the information, estimated box annotations
of the given target object in suggested frames from among the plarality of frames, the
suggested frames being determined based on an annotation uncertainmy measure
caloudated using 8 set of already provided ansotations for at feast some of the plurality of
frames together with optical flow information for the video sequence; and

displaying, by the computer, various ones of the estimated box annotations of the

given target object in the suggested frames.

2. The computer-implemented method of claim 1, wherein the video
sequence comprises a plurality of frames including the first frame and the last frame, and
the method further comprises identifving the first frame and the {ast frame based on time

stamps,

3. The computer-implemented method of claim 1, further comprising
rECEIVIng & user input requesting assistance to determine the suggested frames optimal for

ST

annotation front among the plarality of frames.

16
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4, The computer-tmplemented method of claim 1, wherein said generating
step penerates the estimated box annotations of the given target n the suggested frames
to include a current estimated box annotation and at least one alternate estiraated box
armotation which are subsequently displayed to a vser in said displaying step for user

selection,

5 The computer-implemented method of claim 4, wherein each of the
current estimated box annotation and the at least one alterpate estimated box annotation

are displayed to be visually distinct from each othey.

&, The computer~implemented method of clam 4, further comprising
receiving a user input o one of {i} select the current estimated box annotation, (1) select

the alternative estimated box annotation, or {111} request another alternative estimated box

anaotation.
7. The computer-implemented method of claim 1, wherein the set of already

provided annotafions is & sparse sst.

R. The computer~implemented method of claim 1, wherein the estimated box

annotations of the given target object are generated further based on the optical flow

mformation for the video sequence.

-
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9. The computer-implemented method of claim 1, wherein the estimated box
annotations of the given target object are generated further based on Kalman filtering

apphied to the video sequence.

16, The computer-implemented method of clamm 1, wherein the Kalann
filtering performs filtering using the set of already provided annotations and the optical
flow mformation to output (i} a set of best estimated bounding boxes across each of the
plarality of frames and (2} the annotation vncertamty measwe for any of the plarality of

frames that include one of the best estimated bounding boxes from the set.

11, The computeramplemented method of ¢laim 10, wherein the set of best
estimated bounding boxes 1s deternuned so as to mininnize an expected loss in annotation

quality across the video sequence.

12, The computer-implemented method of claim 10, wherein one of the
suggesied frames 15 determined by as a least certam frame regarding the annotation
uncertainty measure from among the plurality of franes so as to minimize an expectad
loss w annotation quality across the video sequence.

13, The computer-implemented method of claim 1, wherein the suggesied
frames consist of a set of least-most certain frames based on the annotation certainty

measuie.

o
prs
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14, The computer-implemented method of claim 1, further comprising

visually displaving the annotation uncertainty measure for each of the plurality of frames.

15, The computer-implemented method of claim 1, wherein the sugyested

frames are determined using Kalman filtering.

16.  The computer-implemented method of claim 1, wherein the various ones
of the estimated box annotations that are displayed are determined based on one or more

user mputs.

17, The computerimplemented method of claim 1, further comprising:

displaying a message that a sufficient amouwnt of anmotations has heen received for
the given target object; and

displaving a validation screen that summarizes all of the annotations of the given

target over thme.

18, A computer progrant product for video annotation of a video sequence that
mcludes a plurality of frames, the computer program product comprising a non-fransitory
computer readable storage meditun having program instroctions embodied therewith, the
program mstructions executable by a computer to cause the computer to perform a

method comprising:

19
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storing micrmation representative of a bounding box around a given target object
i1 the video sequence in both a first frame and a last frame of the video sequence that
include the target object;

generating, based on the mformation, estimated box annotations of the given
target object in supgested frames from amony the plurality of frames, the suggested
frames bemng detenmined based on an annotation uncertainty measure calculated using a
set of already provided annotations for at least some of the plurality of frames together
with optical flow wformation for the video sequence; and

displaving various ones of the estimated box annotations of the given target object

in the suggested frames.

19, The computer program product of claim 18, wherein the estimated box
annotations of the given target object are generated further based on Kalman filtering
applied 1o the video sequence.

20. A computer processing systerns for video annotation of a video sequence
that includes a plurality of frames, the computer processing system comprising:

a memory configured to store information representative of a bounding box
around a given target object i the video sequence in both g first frame and a last frame of
the video sequence that incluode the target object;

a processor configured to generate, based on the information, estimated box
annotations of the given target object in suggested frames from among the plorality of

frames, the suggested frames being determuned based on an annotation uncertaingy
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measure calculated using a set of already provided annotations for at least some of the
plurality of frames together with optical fow information for the video sequence; and
a display device configured to display various ones of the estimated box

armotations of the given target object in the seggested frames.
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300

For a given target object under consideration in the video
sequence, receive a user input representative of a bounding box
around the target object in both the first visible frame and the last
visible frame of the video sequence that include the target object. 310

The determination of where to place the bounding box in each
frame can be based on time stamps. Step 310 can involve

storing information relating to the user input, the information being

representative of the bounding boxes in the first and last frames.

>
\ 4
Receive estimated box annotations of the given target object in
suggested time frames, based on the user input (bounding boxes)| 320
received at step 310.

Receive a user input requesting assistance. 320A

v

Display the current estimated box annotation as a box with
solid lines, and display an alternative estimated box annotation
as a box with dashed lines. The current and alterative 320B
estimated box annotations are displayed on suggested frames
of the video sequence.

FIG. 3
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N 300

Automatically determine (i) estimated box annotations using
optical flow information and (ii) frame suggestions based on
an uncertainty measure calculated based on already
provided annotations and optical flow information for the
video sequence. Both determinations (i) and (ii) can be
implemented based on a Kalman filtering framework that

takes already provided annotations and optical flows as 320B1
inputs and produces the best estimated bounding boxes in
(or across) all frames as well as an uncertainty measure in
these frames as outputs. Step 320B1 can involve filling in
annotations with the best estimated bounding boxes and
suggesting the least certain frame to the user to annotate so
as to minimize the expected loss in annotation quality
across the video sequence.

v

Receive a user input regarding the current estimated box
annotation and the alternative estimated box annotation. The
) 320C
user input can be to select one of the two, or to request
another alternative estimated box annotation.

User
select any of the estimated box
annotations?

Yes

N

Display another alternative estimated box annotation as a box
" : 320E
with dashed lines.

FIG. 4 v
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v v 600

Receive a user input regarding the other alternative estimated
box annotation.

320F

User 320G
select the other alternative estimated box

annotation?

Enough
annotations provided for given target
object?

Display a message indicating that a sufficient amount of
annotations has been received for the given target object and
further display a validation screen that summarizes all the
annotations of the given target object over time.

340

End

FIG. 5
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