US 20190215421A1

a2 Patent Application Publication (o) Pub. No.: US 2019/0215421 A1

asy United States

PARTHASARATHI et al.

(43) Pub. Date: Jul. 11, 2019

(54) DETECTING ERRORS IN THE TIMING
BETWEEN SUBTITLES AND SHOT
CHANGES

(71) Applicant: NETFLIX, INC., Los Gatos, CA (US)

(72) Inventors: Murthy PARTHASARATHI, San Jose,
CA (US); Andrew SWAN, San Jose,
CA (US); Yadong WANG, Campbell,
CA (US): Thomas E. MACK, Los
Gatos, CA (US)

(21) Appl. No.: 15/863,772
(22) Filed: Jan. 5, 2018

Publication Classification
(51) Imt. Cl

HO04N 5/14 (2006.01)
HO4N 21/44 (2006.01)
HO4N 21/488 (2006.01)
HO4N 21/43 (2006.01)
HO4N 9/89 (2006.01)

(52) US.CL
CPC ... HO4N 5/147 (2013.01); HO4N 21/44008
(2013.01); HO4N 9/89 (2013.01); HO4N

21/4302 (2013.01); HO4N 21/4884 (2013.01)

(57) ABSTRACT

In various embodiments, a subtitle timing application
detects timing errors between subtitles and shot changes. In
operation, the subtitle timing application determines that a
temporal edge associated with a subtitle does not satisfy a
timing guideline based on a shot change. The shot change
occurs within a sequence of frames of an audiovisual
program. The subtitle timing application then determines a
new temporal edge that satisfies the timing guideline relative
to the shot change. Subsequently, the subtitle timing appli-
cation causes a modification to a temporal location of the
subtitle within the sequence of frames based on the new
temporal edge. Advantageously, the modification to the
subtitle improves a quality of a viewing experience for a
viewer. Notably, by automatically detecting timing errors,
the subtitle timing application facilitates proper and efficient
re-scheduling of subtitles that are not optimally timed with
shot changes.
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DETECTING ERRORS IN THE TIMING
BETWEEN SUBTITLES AND SHOT
CHANGES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention relate gen-
erally to audiovisual processing and, more specifically, to
detecting errors in the timing between subtitles and shot
changes.

Description of the Related Art

[0002] Subtitles enable viewers who suffer from hearing
loss or who do not understand the spoken dialog associated
with an audiovisual program, such as a feature length film or
a television program, to follow the spoken dialog. While the
viewer is watching the video component of the audiovisual
program on a display screen, the viewer also reads the
subtitles displayed in a subtitle area of the display screen. To
generate each subtitle, a professional subtitler typically
defines, without limitation, text, a start timecode, and an end
timecode. The text corresponds to a particular portion of the
spoken dialog, while the start timecode and end timecode
designate an interval of time during playback of the audio-
visual program when the text is displayed.

[0003] Inan attempt to optimize the quality of the viewing
experience for the viewer, the subtitler attempts to synchro-
nize the subtitle to the corresponding spoken dialog. How-
ever, because of the manner in which the mind and eyes of
a viewer process data, the timing of the subtitle relative to
shot changes can impact the quality of the viewing experi-
ence. In particular, empirical studies have shown that, when
a subtitle appears less than twelve frames before a shot
change, the viewer actually reads the subtitle twice—once
when the subtitle appears and once when the shot change
occurs. As a general matter, having to read a given subtitle
multiple times diminishes the overall quality of the viewing
experience. Empirical studies also have shown that, when a
subtitle appears or disappears less than twelve frames from
a shot change, a viewer can experience a flickering effect
that also can diminish the overall quality of the viewing
experience.

[0004] To address the above problems, some providers of
audiovisual programs specify guidelines setting forth the
appropriate timing between subtitles and shot changes. One
limitation of these guidelines, however, is that generating
and scheduling subtitles is primarily a manual process, and
many audiovisual programs include thousands of shot
changes and require subtitles in numerous languages. Con-
sequently, manual attempts to ensure that each subtitle
satisfies the timing requirements set forth in the guidelines
can be error-prone and prohibitively time consuming. As a
result, subtitles oftentimes are not properly timed with shot
changes, and the overall quality of the viewing experience
suffers accordingly.

[0005] As the foregoing illustrates, what is needed in the
art are more effective techniques for ensuring proper timing
between subtitles and shot changes.

SUMMARY OF THE INVENTION

[0006] One embodiment of the present invention sets forth
a computer-implemented method for detecting timing errors
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between subtitles and shot changes. The method includes
performing one or more operations, via a processor, to
determine that a first temporal edge associated with a first
subtitle does not satisfy a timing guideline relative to a first
shot change that occurs within a sequence of frames of an
audiovisual program; performing one or more additional
operations, via the processor, to select a second temporal
edge that satisfies the timing guideline relative to the first
shot change; and causing a temporal location of the first
subtitle within the sequence of frames to be modified based
on the second temporal edge.

[0007] One advantage of the disclosed techniques is that
automatically detecting errors in the timing between sub-
titles and shot changes facilitates modifying the subtitles to
increase the overall quality of the viewing experience. In
particular, specifying the timing error associated with a
given subtitle facilitates efficient re-scheduling of the sub-
title to eliminate unnecessary re-reading of the subtitle or
perceived flickering caused by a shot change that is tempo-
rally proximate to the subtitle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited
features of the present invention can be understood in detail,
a more particular description of the invention, briefly sum-
marized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is
to be noted, however, that the appended drawings illustrate
only typical embodiments of this invention and are therefore
not to be considered limiting of its scope, for the invention
may admit to other equally effective embodiments.

[0009] FIG. 1 is a conceptual illustration of a system
configured to implement one or more aspects of the present
invention;

[0010] FIG. 2 is a more detailed illustration of the subtitle
timing application of FIG. 1, according to various embodi-
ments of the present invention;

[0011] FIG. 3 illustrates different examples of different
subtitle timing errors that can be identified by the subtitle
timing application of FIG. 1, according to various embodi-
ments of the present invention; and

[0012] FIG. 4 is a flow diagram of method steps for
detecting timing errors between subtitles and shot changes,
according to various embodiments of the present invention.

DETAILED DESCRIPTION

[0013] In the following description, numerous specific
details are set forth to provide a more thorough understand-
ing of the present invention. However, it will be apparent to
one of skilled in the art that the present invention may be
practiced without one or more of these specific details.
[0014] The disclosed techniques may be used to optimize
the timing between subtitles and shot changes for an audio-
visual program. For each subtitle, a subtitle timing applica-
tion determines whether the timing of the subtitle satisfies
guidelines for the timing between subtitles and shot changes.
As part of determining whether a given subtitle satisfies the
guidelines, the subtitle timing analyzer compares the timing
of the subtitle to the timing of the shot changes. If the
subtitle timing analyzer determines that the start or end of
the subtitle does not satisfy the guidelines, then the subtitle
timing analyzer determines a guidance edge that satisfies the
guidelines.
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[0015] For each incorrectly timed subtitle, the subtitle
timing analyzer sets a timing error equal to the difference
between the guidance edge and the incorrectly timed start or
end of the subtitle. After processing all of the subtitles, the
subtitle timing analyzer displays a subtitle graphical user
interface that visually depicts the timing errors and the shot
changes. Advantageous, unlike manual approaches to
enforcing the guidelines, the subtitle timing application
ensures that incorrectly timed subtitles are correctly identi-
fied in a non-prohibitive amount of time. Further, because
the timing error specifies a length (e.g., time or number of
frames) between the guidance edge and the incorrectly timed
edge, the subtitle timing application facilitates a proper
re-positioning of each subtitle that is incorrectly timed with
the shot changes.

System Overview

[0016] FIG. 1 is a conceptual illustration of a system 100
configured to implement one or more aspects of the present
invention. As shown, the system 100 includes, without
limitation, a program database 120, a shot change detection
application 140, compute instances 110, input devices 102,
and a display device 104. For explanatory purposes, multiple
instances of like objects are denoted with reference numbers
identifying the object and parenthetical numbers identifying
the instance where needed.

[0017] In various embodiments, the system 100 may
include any number of program databases 120, any number
of compute instances 110, any number of input devices 102
and any number of display devices 104. In the same or other
embodiments, any number of the components of the system
100 may be distributed across multiple geographic locations
or included in one or more cloud computing environments
(i.e., encapsulated shared resources, software, data, etc.) in
any combination.

[0018] As shown for the compute instance 110(1), each of
the compute instances 110 includes, without limitation, a
processor 112 and a memory 116. The processor 112 may be
any instruction execution system, apparatus, or device
capable of executing instructions. For example, the proces-
sor 112 could comprise a central processing unit (CPU), a
graphics processing unit (GPU), a controller, a microcon-
troller, a state machine, or any combination therecof. The
memory 116 stores content, such as software applications
and data, for use by the processor 112 of the compute
instance 110.

[0019] The processor 112 may receive input via any
number (including zero) of the input devices 102 and
generate pixels for display on any number (including zero)
of the display devices 104. The input devices 102 may
include various types of input or input/output devices, such
as a mouse, a keyboard, a microphone, a touch-based input
device integrated with a display device 104 (i.e., a touch
screen), and the like, for providing input data to the proces-
sor 112. The display device 104 may be any device capable
of displaying images and/or video content. Such devices
include, without limitation, a game console, a smartphone, a
smart television (TV), a laptop 106, a tablet 107, and a
desktop computer 108. In alternate embodiments, the system
100 may include any number and/or type of input devices
102, display devices 104, output devices, and/or input/
output devices in any combination.

[0020] The memory 116 may be one or more of a readily
available memory, such as random access memory (RAM),
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read only memory (ROM), floppy disk, hard disk, or any
other form of digital storage, local or remote. In some
embodiments, a storage (not shown) may supplement or
replace the memory 116. The storage may include any
number and type of external memories that are accessible to
the processor 112. For example, and without limitation, the
storage may include a Secure Digital Card, an external Flash
memory, a portable compact disc read-only memory (CD-
ROM), an optical storage device, a magnetic storage device,
or any suitable combination of the foregoing.

[0021] In general, the compute instances 110 included in
the system 100 are configured to implement one or more
applications. More specifically, the compute instances 110
included in the system 100 perform operations involved in
the generation and verification of audiovisual programs 130.
Examples of audiovisual programs 130 include feature
length files, episodes of television programs, and music
videos, to name a few.

[0022] As shown, the program database 120 includes,
without limitation, any number of the audiovisual programs
130. Each of the audiovisual programs 130 includes, without
limitation, a visual component 132, a shot change list 150,
a frame rate 136, an audio component 134, and any number
of subtitle lists 170. The visual component 132 includes any
number of different shot sequences (not shown), where each
shot sequence includes a set of frames that usually have
similar spatial-temporal properties and run for an uninter-
rupted period of time.

[0023] The frame at which one shot sequence ends and a
different shot sequence begins is referred to herein as a shot
change 152. As a general matter, each frame included in the
visual component 132 is related to a particular time during
the playback of the audiovisual program 130 via the frame
rate 136. In some embodiments, the frame rate 136 specifies
the number of frames that are displayed to the viewer per
second and is also referred to as “frames per second.” For
instance, may audiovisual programs 130 are associated with
a frame rate 136 of 24 frames per second. The shot change
list 150 includes, without limitation, the shot changes 152
that occur during the playback of the audiovisual program
130.

[0024] The audio component 134 includes audio content
(i.e., spoken dialog and other sounds) associated with the
audiovisual program 130 and is typically synchronized to
the video component 132. The subtitle lists 170 enable
viewers who suffer from hearing loss or who do not under-
stand the spoken dialog to follow the spoken dialog. Each of
the subtitle lists 170 is associated with a different language
and includes, without limitation, any number of subtitles 172
associated with the language. For example, the subtitle list
170(1) could include English subtitles 172, the subtitle list
170(2) could include French subtitles 172, the subtitle list
170(3) could include Hindi subtitles 172, etc.

[0025] While the viewer is watching the video component
132 of the audiovisual program 130 on a display screen, the
viewer also reads the subtitles 170 displayed in a subtitle
area of the display screen. To generate each of the subtitles
170, a professional subtitler typically generates, without
limitation, text, a subtitle start, and a subtitle end (not shown
in FIG. 1). The text corresponds to a particular portion of the
spoken dialog, while the subtitle start and the subtitle end
designate an interval of time during playback of the audio-
visual program 130 when the text is displayed. The subtitle
172 may specify the subtitle start and the subtitle end in any
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technically feasible format. For instance, in some embodi-
ments, the subtitle start is specified as a start timecode and
the subtitle end is specified as an end timecode.

[0026] Inan attempt to optimize the quality of the viewing
experience for the viewer, the subtitler attempts to synchro-
nize each of the subtitles 172 to the corresponding spoken
dialog. However, because of the manner in which the mind
and eyes of a viewer process data, the timing of each of the
subtitles 172 relative to the shot changes 152 can impact the
quality of the viewing experience. In particular, empirical
studies have shown that, when the subtitle 172(x) appears
less than twelve frames before the shot change 152(y), the
viewer actually reads the subtitle 172(x) twice—once when
the subtitle 172(x) appears and once when the shot change
152(y) occurs. As a general matter, having to read a given
subtitle 152 multiple times diminishes the overall quality of
the viewing experience. Empirical studies also have shown
that, when the subtitle 172(x) appears or disappears less than
twelve frames from the shot change 152(y), a viewer can
experience a flickering effect that also can diminish the
overall quality of the viewing experience.

[0027] To address the above problems, some providers of
audiovisual programs 130 specify guidelines setting forth
the appropriate timing between the subtitles 172 and the shot
changes 152. One limitation of these guidelines, however, is
that generating and scheduling the subtitles 172 is primarily
a manual process, and many audiovisual programs 130
include thousands of the shot changes 152 and require the
subtitles 172 in numerous languages. Consequently, manual
attempts to ensure that each of the subtitles 172 satisfies the
timing requirements set forth in the guidelines can be
error-prone and prohibitively time consuming. As a result,
the subtitles 172 oftentimes are not properly timed with the
shot changes 152, and the overall quality of the viewing
experience suffers accordingly.

Optimizing Timing of Subtitles to Shot Changes

[0028] To enable users to efficiently and properly modify
the temporal positions of the subtitles 172 to satisfy guide-
lines for the timing between the subtitles 172 and the shot
changes 152, the system 100 includes, without limitation, a
shot change detection application 140 and a subtitle timing
application 180. For explanatory purposes only, a “user”
refers to any person that executes the subtitle timing appli-
cation 180. One example of a user is a subtitler.

[0029] In operation, the shot change detection application
140 receives the video component 132 and performs any
number of shot detection operations to generate the shot
change list 150. The shot change detection application 150
then stores the shot change list 150 in the program database
120. As described in greater detail in conjunction with FIG.
2, the subtitle timing application 180 then acquires the shot
change list 150, the subtitle list 170, and the timing guideline
185. More precisely, the subtitle timing application 180
retrieves the shot change list 150 and the subtitle list 170
from the program database 120 and receives the timing
guideline 185 in any technically feasible fashion.

[0030] In alternate embodiments, the subtitle timing appli-
cation 180 may acquire the shot change list 150, the subtitle
list 170, and the timing guideline 185 in any technically
feasible fashion. For instance, in some embodiments, the
subtitle timing application 180 may receive the shot change
list 150 directly from the shot change detection application
140. In other embodiments, the subtitle timing application
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180 may execute one or more shot detection algorithms to
generate the shot change list 150, and the system 100 may
omit the shot change detection application 140. In various
embodiments, the timing guideline 185 is not an input to the
subtitle timing application 180. Instead the timing guideline
185 is integrated into the functionality of the subtitle timing
application 180.

[0031] The timing guideline 185 specifies one or more
rules for the timing between the subtitles 172 and the shot
changes 152. More specifically, the timing guideline 185
specifies a minimum frame gap (e.g., 12 frames) or a
minimum time gap (e.g., 0.5 seconds) between each shot
change 152 and each temporal edge of each subtitle 172
when the temporal edge of the subtitle 172 is not coincident
with the shot change 152. As referred to herein, a temporal
interval is a time interval or a frame interval, and is
associated with two “temporal edges,” one temporal edge at
the start of the temporal interval and another temporal edge
at the end of the temporal interval. Accordingly, the subtitle
start of the subtitle 172 and the subtitle end of the subtitle
172 are the temporal edges of the subtitle 172.

[0032] As shown, the subtitle timing application 180
resides in the memory 116 of the computer instance 110(1)
and executes on the processor 112 of the compute instance
110(1). For each of the subtitles 172 included in the subtitle
list 170, the subtitle timing application 180 analyzes the
subtitle 172 in conjunction with the shot changes 152
included in the shot change list 150 to determine whether the
subtitle 172 satisfies the timing guideline 185. As part of
determining whether the subtitle 172 satisfies the timing
guideline 185, the subtitle timing application 180 analyzes at
least one of the temporal edges of the subtitle 172. If both
of the temporal edges of the subtitle 172(x) satisfy the timing
guideline 185, then the subtitle timing application 180
determines that the subtitle 172 satisfies the timing guideline
185,

[0033] If, however, a temporal edge of the subtitle 172(x)
does not satisfy the timing guideline 185, then the subtitle
timing application 180 determines a guidance edge. The
guidance edge specifies a new position for the temporal edge
that satisfies the timing guideline 185. The subtitle timing
application 180 then subtracts the frame associated with the
temporal edge from the frame associated with the guidance
edge to determine a timing error associated with the tem-
poral edge.

[0034] In alternate embodiments, in addition to or instead
of the timing guideline 185 that specifies a minimum gap
between temporal edges of the subtitles 172 and the shot
changes 152, the subtitle timing application 180 may acquire
and apply any number and type of timing guidelines 185 in
any technically feasible fashion. For instance, in some
embodiments, the subtitle timing application 185 may
acquire the timing guideline 185(x) that specifies a minimum
gap (e.g.. 2 frames) between sequential subtitles 152. The
subtitle timing application 185 may then perform compari-
son operations between the subtitles 152 to identify any
violations of the timing guideline 185(x).

[0035] In the same or other embodiments, the subtitle
timing application 185 may acquire the timing guideline
185(y) that specifies a maximum reading speed. For each
subtitle 172, the subtitle timing application 185 may divide
the number of characters included in the text of the subtitle
172 by the amount of time the subtitle is on the screen
(subtitle end-subtitle start) to compute a reading speed. If
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the reading speed of the subtitle 172 exceeds the maximum
reading speed, then the subtitle timing application 185 may
identify an error associated with the timing guideline 185(y)
and the subtitle 172.

[0036] Subsequently, the subtitle timing application 180
generates a subtitle graphical user interface (GUI) 190
depicting a timeline that includes, without limitation, any
number and combination of the shot changes 152, the
subtitles 172, the guidance edges, and the timing errors. The
subtitle GUI 190 may provides any number and type of
visual components (e.g., interface widgets, search widgets,
panels, tabs, etc.) that enable the user to quickly and
efliciently select and re-position subtitles 172 having timing
errors via the input devices 102.

[0037] In alternate embodiments, the subtitle GUI 190
may enable the user to playback portions of the video
component 132 or the audio component 134. In the same or
other embodiments, the subtitle GUI 190 may depict a
waveform associated with the audio component 132 in the
timeline. In some embodiments, the subtitle timing applica-
tion 180 may output error messages in any technically
feasible fashion instead of or in addition to generating the
subtitle GUI 190. For example, the subtitle timing applica-
tion 180 could generate text messages or verbal messages
specifying the timing errors instead of generating the subtitle
GUI 190.

[0038] It will be appreciated that the system 100 shown
herein is illustrative and that variations and modifications
are possible. For example, the functionality provided by the
subtitle timing application 180 and the shot change detection
application 140 as described herein may be integrated into or
distributed across any number of software applications (in-
cluding one) and any number of components of the system
100. Further, the connection topology between the various
units in the system 100 may be modified as desired.
[0039] Note that the techniques described herein are illus-
trative rather than restrictive, and may be altered without
departing from the broader spirit and scope of the invention.
For instance, in some embodiments, many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments and techniques. As a general matter,
the techniques outlined herein are applicable to automati-
cally detecting any number and type of errors in the timing
of the subtitles 172 based on the shot changes 152.

Detecting Subtitles that Violate Timing Guidelines

[0040] FIG. 2 is a more detailed illustration of the subtitle
timing application 180 of FIG. 1, according to various
embodiments of the present invention. As shown, the sub-
title timing application 180 includes, without limitation, a
change zone generator 220, a change zone list 230, a subtitle
analyzer 250, a recommendation list 270, and a subtitle
graphical user interface (GUI) generator 290. In general, the
subtitle timing application 180 acquires the shot change list
150, the timing guideline 185, and the subtitle list 170,
generates the subtitle GUI 190, and causes the display
device 104 to display the subtitle GUI 190.

[0041] As shown, each of the subtitles 172 included in the
subtitle list 170 include, without limitation, text 212, a
subtitle start 214 and a subtitle end 216. The text 212
corresponds to a particular portion of the spoken dialog of
the audio component 134 of the audiovisual program 130.
The subtitle start 214 and the subtitle end 216 indicate a
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temporal interval during a playback of the audiovisual
program 130 over which the text is displayed. More pre-
cisely, the subtitle start 214 specifies a time or frame during
the playback at which the text 212 begins to be displayed to
the viewer. By contrast, the subtitle end 216 specifies a time
or frame during the playback at which the text 212 ceases to
be displayed to the viewer. The subtitle start 214 and the
subtitle end 216 may be specified in any technically feasible
format. For instance, in some embodiments, the subtitle start
214 is specified as a start timecode and the subtitle end 216
is specified as an end timecode.

[0042] As shown, the change zone generator 220 acquires
the shot change list 150 and the timing guideline 185. The
change zone generator 220 may acquire the shot change list
150 in any technically feasible fashion. For example, the
change zone generator 220 could retrieve the shot change
list 150 from the program database 120, receive the shot
change list 150 from the shot change detection application
140, or generate the shot change list 150.

[0043] The timing guideline 185 specifies a minimum
frame gap or a minimum time gap between each shot change
152 and each temporal edge of each subtitle 172 when the
temporal edge of the subtitle 172 is not coincident with the
shot change 152. The change zone generator 220 may
acquire the timing guideline 185 in any technically feasible
fashion. For instance, in some embodiments, the change
zone generator 220 may receive a value (e.g., 12 frames or
0.5 seconds) for the minimum frame gap or the minimum
time gap via the subtitle GUI 190. In alternate embodiments,
the change zone generator 220 is configured to implement a
predetermined minimum frame gap or a predetermined
minimum time gap.

[0044] The change zone generator 220 generates the
change zone list 230 based on the shot change list 150 and
the timing guideline 185. As shown, the change zone list 230
includes, without limitation, one or more change zones 232.
The number of change zones 232 included in the change
zone list 230 is equal to the number of shot changes 152
included in the shot change list 150. Each of the change
zones 232 specifies an temporal interval and includes, with-
out limitation, a zone start 234 and a zone end 236. As
described previously herein in conjunction with FIG. 1, a
temporal interval is a time interval or a frame interval, and
is associated with two “temporal edges,” one temporal edge
at the start of the temporal interval and another temporal
edge at the end of the temporal interval. Accordingly, the
zone start 234 and the zone end 236 of the change zone 232
are the temporal edges of the change zone 232.

[0045] For each of the shot changes 152 included in the
shot change list 150, the change zone generator 220 gener-
ates the corresponding change zone 232 based on shot
change 152 and the timing guideline 185. More precisely, for
the shot change 152(x), the change zone generator 220
generates the change zone 232 that spans from (shot change
152(x)-minimum frame/time gap) to (shot change 152(x)+
minimum frame/time gap). Consequently, if the minimum
frame gap is 12, then each of the change zones 232 spans 24
frames. Notably, based on the timing guideline 185, any
temporal edge of any of the subtitles 172 that lies within a
particular change zone 232 is required to be coincident with
the shot change 152 associated with the change zone 232 or
one of the temporal edges of the change zone 232.

[0046] For explanatory purposes only, the subtitle timing
application 180, the change zone generator 220, the subtitle
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analyzer 240, and the subtitle GUI generator 290 are
described as performing operations based on a temporal
metric of frames. However, as persons skilled in the art will
recognize, each of the subtitle timing application 180, the
change zone generator 220, the subtitle analyzer 240, and
the subtitle GUI generator 290 may convert values for times
1o values for frames and vice versa based on the frame rate
136. For example, if the timing guideline 185 specified a
minimum time gap of 0.5 seconds and the frame rate 136
was 24 frames per second, then the change zone generator
220 would compute the minimum frame gap of 12 frames.
[0047] The subtitle analyzer 240 receives the change zone
list 230 from the change zone generator 220, acquires the
shot change list 150, acquires the subtitle list 170 and
generates the recommendation list 270. The subtitle analyzer
240 may acquire the shot change list 150 and the subtitle list
170 in any technically feasible fashion. For instance, in
some embodiments, the subtitle analyzer 240 may receive
the shot change list 150 from the change zone generator 220
or the subtitle timing application 180. In the same or other
embodiments, the subtitle analyzer 240 may retrieve the
subtitle list 170 from the program database 120.

[0048] As shown, the subtitle analyzer 240 analyzes each
of the subtitles 172(x) included in the subtitle list 170
independently with respect to the timing guideline 185. In
operation, for the subtitle 172(x), the subtitle analyzer 240
first determines whether the subtitle start 214(x) is coinci-
dent with one of the shot changes 152 included in the shot
change list 150, coincident with one of the temporal edges
of one of the change zones 232, or lies outside all of the
change zones 232. In general, as part of comparing the
subtitle start 214(x) to the shot changes 152 and the temporal
edges of the change zones 232, the subtitle analyzer 240 may
perform any number of conversions between times and
frames based on the frame rate 136.

[0049] If the subtitle start 214(x) is coincident with one of
the shot changes 152, coincident with one of the temporal
edges of one of the change zones 232, or lies outside all of
the change zones 232, then the subtitle analyzer 240 deter-
mines that the subtitle start 214(x) satisfies the timing
guideline 185. Otherwise, the subtitle analyzer 240 deter-
mines that the subtitle start 214(x) does not satisfy the timing
guideline 185.

[0050] If the subtitle analyzer 240 determines that the
subtitle start 214(x) does not satisfy the timing guideline
185, then the subtitle analyzer 240 generates a recommen-
dation 250 that describes the violation of the subtitle start
214(x) and recommends a specific corrective action. The
recommendation 250 includes, without limitation, an error
edge 252, a guidance edge 254, and a timing error 256. In
general, the error edge 252 specifies the temporal edge of the
associated subtitle 172 that violates the timing guideline
185. The guidance edge 254 specifies the closest location to
the error edge 252 that satisfies the timing guideline 185.
The error edge 256 specifies a difference between the
guidance edge 254 and the error edge 252 and, consequently,
indicates the magnitude of the timing violation associated
with the error edge 252.

[0051] Because the subtitle start 214(x) violates the timing
guideline 185, the subtitle analyzer 240 sets the error edge
252 equal to the subtitle start 214(x). To determine the
guidance edge 254, the subtitle analyzer 240 identifies the
change zone 232(y) that surrounds the error edge 252. The
change zone 232(y) spans from the zone start 234(y) to the
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zone end 236(y) and is associated with the shot change
152(y) that lies within the change zone 232(y). Subse-
quently, the subtitle analyzer 240 determines which of the
zone start 234(y), the zone end 236(y), and the shot change
152(y) is the closest edge to the error edge 252. Finally, the
subtitle analyzer 240 sets the guidance edge 254 equal to the
closest edge.

[0052] The subtitle analyzer 240 subtracts the frame asso-
ciated with the guidance edge 254 from the frame associated
with the error edge 252 to compute the timing error 256. In
alternate embodiments, the subtitle analyzer 240 may deter-
mine and specify the timing error 256 in any technically
feasible fashion. Examples of formats for the timing error
256 include, without limitation, a signed number of frames,
an unsigned number of frames, a signed amount of time, and
an unsigned amount of time. For instance, in some embodi-
ments, the subtitle analyzer 240 could subtract the time
associated with the guidance edge 254 from the time asso-
ciated with the error edge 252 to determine a singed timing
error and then set the timing error 256 equal to the absolute
value of the signed timing error.

[0053] The subtitle analyzer 240 then appends the newly
generated recommendation 250 to the recommendation list
270. The recommendation list 270 includes, without limi-
tation, any number of recommendations 250, where each
recommendation 250 is associated with a different subtitle
172 that violates the timing guideline 185. As persons skilled
in the art will recognize, because the length of the temporal
interval during which a given subtitle 172 is displayed
exceeds the length of the temporal interval associated with
the change zones 232, at most one of the temporal edges of
the subtitle 172 violates the timing guideline 185. Conse-
quently, if the subtitle analyzer 240 determines that the
subtitle start 214(x) violates the timing guideline 185, then
the subtitle analyzer 240 proceeds to analyze the next
subtitle 172(x+1) without analyzing the subtitle end 216(x).
[0054] If the subtitle analyzer 240 determines that the
subtitle start 214(x) does not violate the timing guideline
185, then the subtitle analyzer determines whether the
subtitle end 216(x) violates the timing guideline 185. More
precisely, the subtitle analyzer 240 determines whether the
subtitle end 216(x) is coincident with one of the shot changes
152 included in the shot change list 150, coincident with one
of the temporal edges of one of the change zones 232, or lies
outside all of the change zones 232. In general, as part of
comparing the subtitle end 216(x) to the shot changes 152
and the temporal edges of the change zones 232, the subtitle
analyzer 240 may perform any number of conversions
between times and frames based on the frame rate 136.
[0055] If the subtitle end 216(x) is coincident with one of
the shot changes 152, coincident with one of the temporal
edges of one of the change zones 232, or lies outside all of
the change zones 232, then the subtitle analyzer 240 deter-
mines that the subtitle end 216(x) satisfies the timing guide-
line 185. Because the subtitle analyzer 240 has already
determined that the subtitle start 214(x) satisfies the timing
guideline 185, the subtitle analyzer 240 determines that the
subtitle 172 satisfies the timing guideline 185 and proceeds
to analyze the next subtitle 172(x+1).

[0056] Otherwise, the subtitle analyzer 240 determines
that the subtitle end 216(x) does not satisfy the timing
guideline 185 and generates a new recommendation 250.
The recommendation 250 describes the violation of the
subtitle end 216(x) and recommends a specific corrective
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action. Because the subtitle end 216(x) violates the timing
guideline 185, the subtitle analyzer 240 sets the error edge
252 equal to the subtitle end 216(x). The subtitle analyzer
250 then determines the guidance edge 254 and the timing
error 256 based on the error edge 252 as described above in
conjunction with the subtitle start 214(x). Finally, the sub-
title analyzer 240 appends the new recommendation 250 to
the recommendation list 270 and proceeds to analyze the
next subtitle 172(x+1).

[0057] Inalternate embodiments, the subtitle analyzer 240
may perform comparisons directly between the shot changes
152 and the subtitles 172 to determine whether each of the
subtitles 172 satisfies the timing guideline 185. In such
embodiments, the subtitle timing application 180 does not
generate the change zone list 230. Accordingly, the change
zone generator 220 is omitted from the subtitle timing
application 180.

[0058] After the subtitle analyzer 240 has analyzed all of
the subtitles 172 included in the subtitle list 170, the subtitle
GUI generator 290 receives the recommendation list 270,
generates the subtitle GUI 190, and causes the subtitle GUI
190 to be displayed to the user via the display device 104.
The subtitle graphical user interface (GUI) 190 depicts,
without limitation, any number and combination of time-
lines, the shot changes 152, the subtitles 172, the error edges
252, the guidance edges 254, and the timing errors 256. The
subtitle GUI 190 may provides any number and type of
visual components (e.g., interface widgets, search widgets,
panels, tabs, etc.) that enable the user to quickly and
efficiently select and re-position the subtitles 172 associated
with the timing errors 256 via the input devices 102.
[0059] In alternate embodiments, the subtitle timing appli-
cation 180 may facilitate the proper timing of the subtitles
152 with the shot changes 172 in any technically feasible
fashion. For instance, in some embodiments, the subtitle
GUI 190 may also include, without limitation, a display
pane that displays at least a portion of the video component
132 and a timeline reflecting at least a portion of the audio
component 134. In the same or other embodiments, the
subtitle GUI 190 may enable the user to playback portions
of the video component 132 or the audio component 134. In
some alternate embodiments, the subtitle GUI 190 may
depict a waveform associated with the audio component
132.

[0060] In various embodiments, the subtitle timing appli-
cation 180 may output error messages in any technically
feasible fashion instead of or in addition to generating the
subtitle GUI 190. For example, the subtitle timing applica-
tion 180 could generate text messages specifying the timing
errors 256 instead of generating the subtitle GUI 190. In
such embodiments, the subtitle timing application 180 may
omit the subtitle GUI generator 290.

[0061] Tt will be appreciated that the subtitle timing appli-
cation 180 shown herein is illustrative and that variations
and modifications are possible. For example the functional-
ity provided by the subtitle timing application 180, the
change zone generator 220, the subtitle analyzer 240, and
the subtitle GUI generator 290 as described herein may be
integrated into or distributed across any number of software
applications (including one) and any number of components
of the system 100.

[0062] Note that the techniques described herein are illus-
trative rather than restrictive, and may be altered without
departing from the broader spirit and scope of the invention.
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For instance, in some embodiments, many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments and techniques. As a general matter,
the techniques outlined herein are applicable to automati-
cally detecting any number and type of errors in the timing
of the subtitles 172 based on the shot changes 152.

[0063] For instance, in some alternate embodiments, the
timing guideline 185 specifies different rules for the subtitle
starts 214 and the subtitle ends 216. The timing guideline
185 specifies a start minimum frame gap between each shot
change 152 and each subtitle start 214 of each subtitle 172
when the subtitle start 214 is not coincident with the shot
change 152. In addition, the timing guideline 185 specifies
an end minimum frame gap between each shot change 152
and each subtitle end 216 of each subtitle 172 when the
subtitle end 216 is not coincident with the shot change 152.
[0064] Insuch embodiments, for each of the shot changes
152 included in the shot change list 150, the change zone
generator 220 generates a start change zone and an end
change zone instead of the single change zone 232. The start
change zone reflects the start minimum frame gap, while the
second change zone reflects the end frame gap. Subse-
quently, for each subtitle 172(x), the subtitle analyzer 240
analyzes the subtitle start 214(x) with respect to the start
change zones and the subtitle end 216(x) with respect to the
end change zones.

[0065] FIG. 3 illustrates different examples of different
subtitle timing errors that can be identified by the subtitle
timing application 180 of Figure, according to various
embodiments of the present invention. For explanatory
purposes only, the timing guideline 185 specifies that, for
each temporal edge of each of the subtitles 172 that is not
coincident with one of the shot changes 152, the gap
between the temporal edge and the shot change 152 is to be
no less than 12 frames. FIG. 3 depicts four different subtitles
172(1)-172(4) that violate the timing guideline 185.

[0066] For each of four shot changes 152, the change zone
generator 220 of FIG. 2 generates the corresponding change
zone 232. Accordingly, as shown, each of the change zones
232 spans 24 frames. In general, because the length of the
temporal interval during which a given subtitle 172 is
displayed exceeds the length of the temporal interval asso-
ciated with the change zones 232, at most one of the
temporal edges of the subtitle 172 violates the timing
guideline 185.

[0067] As shown, the subtitle start 214(1) of the subtitle
172(1) lies after the zone start 234(J) of the change zone
232(J) and before the shot change 152(J) associated with the
change zone 232(J). Accordingly, the subtitle analyzer 240
generates the recommendation 250(1) and sets the error edge
252(1) equal to the subtitle start 214(1). Because the dis-
tance between the error edge 252(1) and the zone start 234(J)
is less than the distance between the error edge 252(1) and
shot change 152(J), the subtitle analyzer 240 sets the guid-
ance edge 254(1) equal to the zone start 234(J). Finally, the
subtitle analyzer 240 subtracts the frame associated with the
guidance edge 254(1) from the frame associated with the
error edge 252(1) to compute the timing error 256(1) of 4
frames.

[0068] The subtitle end 216(2) of the subtitle 172(2) lies
after the zone start 234(K) of the change zone 232(K) and
before the shot change 152(K) associated with the change
zone 232(K). Accordingly, the subtitle analyzer 240 gener-
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ates the recommendation 250(2) and sets the error edge
252(2) equal to the subtitle end 216(2). Because the distance
between the error edge 252(2) and the zone start 234(K) is
greater than the distance between the error edge 252(2) and
shot change 152(K), the subtitle analyzer 240 sets the
guidance edge 254(2) equal to the shot change 152(K).
Finally, the subtitle analyzer 240 subtracts the frame asso-
ciated with the guidance edge 254(2) from the frame asso-
ciated with the error edge 252(2) to compute the timing error
256(2) of -3 frames.

[0069] The subtitle start 214(3) of the subtitle 172(3) lies
after the shot change 152(1) associated with the change zone
232(L) and before the zone end 236(L) of the change zone
232(L). Accordingly, the subtitle analyzer 240 generates the
recommendation 250(3) and sets the error edge 252(3) equal
to the subtitle start 214(3). Because the distance between the
error edge 252(3) and the zone end 236(L) is greater than the
distance between the error edge 252(3) and shot change
152(L), the subtitle analyzer 240 sets the guidance edge
254(3) equal to the shot change 152(L). Finally, the subtitle
analyzer 240 subtracts the frame associated with the guid-
ance edge 254(3) from the frame associated with the error
edge 252(3) to compute the timing error 256(3) of 3 frames.

[0070] The subtitle end 216(4) of the subtitle 172(4) lies
after the shot change 152(M) associated with the change
zone 232(M) and before the zone end 236(M) of the change
zone 232(M). Accordingly, the subtitle analyzer 240 gener-
ates the recommendation 250(4) and sets the error edge
252(4) equal to the subtitle end 216(4). Because the distance
between the error edge 252(4) and the zone end 236(M) is
less than the distance between the error edge 252(4) and shot
change 152(M), the subtitle analyzer 240 sets the guidance
edge 254(4) equal to the zone end 236(M). Finally, the
subtitle analyzer 240 subtracts the frame associated with the
guidance edge 254(4) from the frame associated with the
error edge 252(3) to compute the timing error 256(4) of -4
frames.

[0071] FIG. 4 is a flow diagram of method steps for
detecting timing errors between subtitles and shot changes,
according to various embodiments of the present invention.
Although the method steps are described with reference to
the systems of FIGS. 1-3, persons skilled in the art will
understand that any system configured to implement the
method steps, in any order, falls within the scope of the
present invention.

[0072] As shown, a method 400 begins at step 402, where
the subtitle timing application 180 acquires the shot change
list 150, and the change zone generator 220 generates the
change zone list 230 based on the shot change list 150 and
the timing guideline 185. The shot change list 150 may
include any number of shot changes 152 that are associated
with the audiovisual program 130. The subtitle timing
application 180 may acquire the shot change list 150 in any
technically feasible fashion.

[0073] For instance, in some embodiments, the subtitle
timing application 180 may generate the shot change list 150
based on the video component 132 of the audiovisual
program 130 using any number and type of shot detection
algorithms. In other embodiments, the subtitle timing appli-
cation 180 may receive the shot change list 150 from the
shot change detection application 140. In yet other embodi-
ments, the subtitle timing application 180 may read the shot
change list 150 from the program database 120.
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[0074] The timing guideline 185 specifies a minimum
frame gap between each shot change 152 and each temporal
edge of each subtitle 172 when the temporal edge of the
subtitle 172 is not coincident with the shot change 152. For
each shot change 152, the change zone generator 220
generates the associated change zone 232. Each of the
change zones 232 represents an interval of time surrounding
the associated shot change 152 that spans from the (shot
change 152—the minimum frame gap) to the (shot change
152+the minimum frame gap). In alternate embodiments,
the timing guideline 185 specifies a minimum time gap
instead of a minimum frame gap, and the change zone
generator 220 converts the minimum time gap to the mini-
mum frame gap based on the frame rate 136.

[0075] At step 404, the subtitle timing application 180
acquires the subtitle list 170, sets a current subtitle 172 equal
to the first subtitle 172 included in the subtitle list 172, and
sets a current edge equal to the subtitle start 214 of the first
subtitle 172. The subtitle list 170 may include any number
of subtitles 172 that are associated with the audiovisual
program 130. The subtitle timing application 180 may
acquire the subtitle list 170 in any technically feasible
fashion. For instance, in some embodiments, the subtitle
timing application 180 may read the subtitle list 170 from
the program database 120.

[0076] At step 406, the subtitle analyzer 240 determines
whether the current edge is coincident with one of the shot
changes 152, coincident with one of the temporal edges of
one of the change zones 232, or lies outside all of the change
zones 232. Notably, based on the timing guideline 185, any
temporal edge of any of the subtitles 172 that lies within a
particular change zone 232 is required to be coincident with
the shot change 152 associated with the change zone 232 or
one of the temporal edges of the change zone 232. Conse-
quently, if the current edge is coincident with one of the shot
changes 152, coincident with one of the temporal edges of
one of the change zones 232, or lies outside all of the change
zones 232, then the subtitle analyzer 240 determines that the
current edge satisfies the timing guideline 185.

[0077] In some embodiments, at step 406, the subtitle
analyzer 240 may perform comparisons directly between the
shot changes 152 and the subtitles 172 to determine whether
each of the subtitles 172 satisfies the timing guideline 185.
In such embodiments, at step 402, the subtitle timing appli-
cation 180 acquires the shot change list 150, but does not
generate the change zone list 230. Accordingly, the change
zone generator 220 is omitted from the subtitle timing
application 180.

[0078] If, at step 406, the subtitle analyzer 240 determines
that the current edge is coincident with one of the shot
changes 152, coincident with one of the temporal edges of
one of the change zones 232, or lies outside all of the change
zones 232, then the method 400 proceeds to step 408. At step
408, the subtitle timing application 180 determines whether
the current edge is the subtitle start 214 of the current
subtitle 172. If, at step 408, the subtitle timing application
180 determines that the current edge is the subtitle start 214
of the current subtitle 172, then the method 400 proceeds to
step 410. At step 410, the subtitle timing application 180 sets
the current edge equal to the subtitle end 216 of the current
subtitle 172. The method 400 then returns to step 406, where
the subtitle analyzer 240 determines whether current edge is
properly timed with the shot changes 152.
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[0079] If, however, at step 406, the subtitle analyzer 240
determines that the current edge lies within one of the
change zones 232, is not coincident with the shot change 152
associated with the change zone 232, and is not coincident
with one of the temporal edges of the change zone 232, then
the method 400 proceeds directly to step 412. At step 412,
the subtitle analyzer 240 generates a new recommendation
250 and sets the error edge 252 equal to the current edge.

[0080] At step 414, the subtitle analyzer 240 sets the
guidance edge 254 included in the recommendation 250
based on the change zone 232 surrounding the error edge
252. More specifically, the subtitle analyzer 240 determines
which of the zone start 234 of the “surrounding” change
zone 232, the zone end 234 of the surrounding change zone
232, and the shot change 152 associated with the surround-
ing change zone 232 is the closest edge to the error edge 252.
The subtitle analyzer 240 then sets the guidance edge 254
equal to closest edge to the error edge 252. At step 416, the
subtitle analyzer 240 sets the timing error 256 included in
the recommendation 250 equal to the difference between the
guidance edge 254 and the error edge 252 and appends the
recommendation 250 to the recommendation list 250.

[0081] Returning now to step 408, if the subtitle timing
application 180 determines that the current edge is not the
subtitle start 214 of the current subtitle 172, then the method
400 proceeds directly to step 418. At step 418, the subtitle
timing application 180 determines whether the current sub-
title 172 is the last subtitle 172 included in the subtitle list
270. 1f, at step 418, the subtitle timing application 180
determines that the current subtitle 172 is not the last subtitle
172 included in the subtitle list 270, then the method 400
proceeds to step 420. At step 420, the subtitle timing
application 180 sets the current subtitle 172 equal to the next
subtitle 172 included in the subtitle list 270 and sets the
current edge equal to the subtitle start 214 of the current
subtitle 172. The method 400 then returns to step 406, where
the subtitle analyzer 240 determines whether the current
edge is properly timed with the shot changes 152.

[0082] If, however, at step 418, the subtitle timing appli-
cation 180 determines that the current subtitle 172 is the last
subtitle 172 included in the subtitle list 270, then the method
400 proceeds directly to step 422. At step 422, the subtitle
GUI generator 290 generates the subtitle GUI 190 and
causes the subtitle GUI 190 to be displayed to the user. The
subtitle GUI 190 includes, without limitation, one or more of
the shot changes 172, the change zones 232, the subtitles
152, the error edges 252, the guidance edges 254, and the
timing errors 256. Subsequently, the user adjusts the tem-
poral locations of the subtitles 172 to correct the timing
errors 256. In this fashion, the subtitles 172 are properly
timed with the shot changes 152.

[0083] In alternate embodiments, the subtitle timing appli-
cation 180 may facilitate the proper timing of the subtitles
172 with the shot changes 152 in any technically feasible
fashion. For instance, in some embodiments, the subtitle
GUI 190 may also include, without limitation, a display
pane that displays at least a portion of the video component
132 and a timeline reflecting at least a portion of the audio
component 134. In other embodiments, for each of the
recommendations 250, the subtitle timing application 180
may output an error message specifying the subtitle 172
associated with the recommendation 250 and the timing
error 256.
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[0084] In sum, the disclosed techniques may be used to
guide the timing of subtitles with shot changes for an
audiovisual program. A subtitle timing application includes,
without limitation, a change zone generator, a subtitle ana-
lyzer, and a subtitle graphical user interface (GUI) generator.
Initially, for each shot change included in the audiovisual
program, the change zone generator determines a change
zone that spans from twelve frames before the shot change
to twelve frames after the shot change. Subsequently, for
each subtitle, the subtitle analyzer determines whether either
of the temporal edges (i.e., subtitle start and subtitle end) of
the subtitle is associated with a timing error based on the
change zones.

[0085] More precisely, for a given temporal edge, if the
temporal edge is coincident with a shot change, is coincident
with an edge of a change zone, or lies outside all the change
zones, then the subtitle analyzer determines that the tempo-
ral edge is not associated with a timing error. Otherwise, the
subtitle analyzer determines that the temporal edge is asso-
ciated with a timing error. The subtitle analyzer sets an
associated guidance edge to the closer of the closest edge of
the enclosing change zone and the shot change associated
with the change zone. The subtitle analyzer then sets an
associated timing error equal to the difference between the
temporal edge and the associated guidance edge. After
processing all of the subtitles, the subtitle GUT generator
displays a subtitle GUI that visually depicts, without limi-
tation, any number of the subtitles, the shot changes, the
guidance edges, and the timing errors.

[0086] Advantageously, the subtitle timing application
provides feedback that enables the user to efficiently adjust
subtitles to satisfy the guidelines for timing between sub-
titles and shot changes designed to optimize the viewing
experience for the viewer. Unlike manual approaches to
enforcing the guidelines, because the subtitle timing appli-
cation automatically and accurately computes any timing
errors, the subtitle timing application ensures that incor-
rectly timed subtitles are correctly identified in a non-
prohibitive amount of time. Further, by specifying the guid-
ance edge, the subtitle timing application prompts the user
to properly re-position each incorrectly timed subtitle in
order to optimize the viewing experience for the viewer.
[0087] 1.In some embodiments, a computer-implemented
method comprises performing one or more operations, via a
processot, to determine that a first temporal edge associated
with a first subtitle does not satisfy a timing guideline
relative to a first shot change that occurs within a sequence
of frames of an audiovisual program; performing one or
more additional operations, via the processor, to select a
second temporal edge that satisfies the timing guideline
relative to the first shot change; and causing a temporal
location of the first subtitle within the sequence of frames to
be modified based on the second temporal edge.

[0088] 2. The computer-implemented method of clause 1,
wherein the first temporal edge associated with the first
subtitle comprises either the start of the first subtitle or the
end of the first subtitle.

[0089] 3. The computer-implemented method of clauses 1
or 2, wherein performing the one or more operations to
determine that the first temporal edge associated with the
first subtitle does not satisfy the timing guideline comprises:
generating a first zone based on a frame included in the
sequence of frames and associated with the first shot change
and a minimum gap specified by the first timing guideline;
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determining that the first temporal edge lies inside the first
zone; and determining that the first temporal edge is not
coincident with either the first shot change, the start of the
first zone, or the end of the first zone.

[0090] 4. The computer-implemented method of any of
clauses 1-3, wherein performing the one or more additional
operations to select the second temporal edge comprises
computing a first distance between the first temporal edge
and the start of the first zone; computing a second distance
between the first temporal edge and the end of the first zone;
computing a third distance between the first temporal edge
and the first shot change; and if the first distance is smaller
than the second distance and the first distance is smaller than
the third distance, then setting the second temporal edge
equal to the start of the first zone: or if the second distance
is smaller than the third distance, then setting the second
temporal edge equal to the end of the first zone; or setting the
second temporal edge equal to the first shot change.

[0091] 5. The computer-implemented method of any of
clauses 1-4, wherein causing the temporal location of the
first subtitle within the sequence of frames to be modified
comprises generating a graphical user interface that depicts
the first shot change, the first subtitle, and the second
temporal edge.

[0092] 6. The computer-implemented method of any of
clauses 1-5, wherein causing the temporal location of the
first subtitle within the sequence of frames to be modified
comprises computing a timing error based on the first
temporal edge and the second temporal edge; and generating
an error message that specifies the first subtitle and the
timing error.

[0093] 7. The computer-implemented method of any of
clauses 1-6, wherein the timing guideline specifies at least
one of a minimum frame gap and a minimum time gap
between a shot change and the start of a subtitle when the
start of the subtitle is not coincident with the shot change.

[0094] 8. The computer-implemented method of any of
clauses 1-7, further comprising performing one or more
operations on the audiovisual program to identify one or
more shot changes that include the first shot change.

[0095] 9. The computer-implemented method of any of
clauses 1-8, further comprising computing a reading speed
associated with the first subtitle based on a frame rate;
determining that the reading speed associated with the first
subtitle exceeds a maximum reading speed; and generating
an error message specifying the first subtitle and the reading
speed.

[0096] 10. In some embodiments, a computer-readable
storage medium includes instructions that, when executed
by a processor, cause the processor to perform the steps of
acquiring a plurality of shot changes associated with an
audiovisual program; performing one or more operations to
determine that a first temporal edge associated with a first
subtitle does not satisfy a timing guideline relative to a first
shot change that occurs within a sequence of frames of the
audiovisual program and is included in the plurality of shot
changes; performing one or more additional operations to
select a second temporal edge that satisfies the timing
guideline relative 1o the first shot change; and causing a
temporal location of the first subtitle within the sequence of
frames to be modified based on the second temporal edge.

[0097] 11. The computer-readable storage medium of
clause 10, wherein the first temporal edge associated with
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the first subtitle comprises either the start of the first subtitle
or the end of the first subtitle.

[0098] 12. The computer-readable storage medium of
clauses 10 or 11, wherein performing the one or more
operations to determine that the first temporal edge associ-
ated with the first subtitle does not satisfy the timing
guideline comprises generating a first zone based on a frame
included in the sequence of frames and associated with the
first shot change and a minimum gap specified by the first
timing guideline; determining that the first temporal edge
lies inside the first zone; and determining that the first
temporal edge is not coincident with either the first shot
change, the start of the first zone, or the end of the first zone.

[0099] 13. The computer-readable storage medium of any
of clauses 10-12, wherein performing the one or more
additional operations to select the second temporal edge
comprises computing a first distance between the first tem-
poral edge and the start of the first zone; computing a second
distance between the first temporal edge and the end of the
first zone; computing a third distance between the first
temporal edge and the first shot change; and if the first
distance is smaller than the second distance and the first
distance is smaller than the third distance, then setting the
second temporal edge equal to the start of the first zone; or
if the second distance is smaller than the third distance, then
setting the second temporal edge equal to the end of the first
zone; or setting the second temporal edge equal to the first
shot change.

[0100] 14. The computer-readable storage medium of any
of clauses 10-13, wherein causing the temporal location of
the first subtitle within the sequence of frames to be modified
comprises computing a timing error based on the first
temporal edge and the second temporal edge; and generating
a graphical user interface depicting the first subtitle, the first
shot change, the first temporal edge, and the timing error.

[0101] 15. The computer-readable storage medium of any
of clauses 10-14, wherein causing the temporal location of
the first subtitle within the sequence of frames to be modified
comprises computing a timing error based on the first
temporal edge and the second temporal edge; and generating
a graphical user interface depicting the first subtitle, the first
shot change, the first temporal edge, and the timing error.

[0102] 16. The computer-readable storage medium of any
of clauses 10-15, wherein causing the temporal location of
the first subtitle within the sequence of frames to be modified
comprises computing a timing error based on the first
temporal edge and the second temporal edge; and displaying
at least a portion of a video component of the audiovisual
program, and one or more timelines depicting the first
subtitle, the first shot change, the timing error, and at least
a portion of an audio component of the audiovisual program.

[0103] 17. The computer-readable storage medium of any
of clauses 10-16, wherein the timing guideline specifies at
least one of a minimum frame gap and a minimum time gap
between a shot change and the start of a subtitle when the
start of the subtitle is not coincident with the shot change.

[0104] 18. The computer-readable storage medium of any
of clauses 10-17, further comprising determining that a
number of frames between the first subtitle and a second
subtitle is less than a minimum subtitle gap; and generating
an error message specifying that the number of frames
between the first subtitle and the second subtitle is less than
the minimum subtitle gap.
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[0105] 19. In some embodiments, a system comprises a
memory storing a subtitle timing application; and a proces-
sor that is coupled to the memory, wherein, when executed
by the processor, the subtitle timing application causes the
processor to perform one or more operations to determine
that the start of a first subtitle does not satisfy a timing
guideline relative to a first shot change that occurs within a
sequence of frames of an audiovisual program; perform one
or more additional operations to select a temporal edge that
satisfies the timing guideline relative to the first shot change;
and cause the start of the first subtitle within the sequence of
frames to be modified based on the temporal edge.

[0106] 20. The system of clause 19, wherein the timing
guideline specifies at least one of a minimum frame gap and
a minimum time gap between a shot change and the start of
a subtitle when the start of the subtitle is not coincident with
the shot change.

[0107] Any and all combinations of any of the claim
elements recited in any of the claims and/or any elements
described in this application, in any fashion, fall within the
contemplated scope of the present invention and protection.
[0108] The descriptions of the various embodiments have
been presented for purposes of illustration, but are not
intended to be exhaustive or limited to the embodiments
disclosed. Many modifications and variations will be appar-
ent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments.
[0109] Aspects of the present embodiments may be
embodied as a system, method or computer program prod-
uct. Accordingly, aspects of the present disclosure may take
the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, micro-code, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be referred
to herein as a “module” or “system.” Furthermore, aspects of
the present disclosure may take the form of a computer
program product embodied in one or more computer read-
able medium(s) having computer readable program code
embodied thereon.

[0110] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (FPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

[0111] Aspects of the present disclosure are described
above with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the disclo-
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sure. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, The instructions, when executed via
the processor of the computer or other programmable data
processing apparatus, enable the implementation of the
functions/acts specified in the flowchart and/or block dia-
gram block or blocks. Such processors may be, without
limitation, general purpose processors, special-purpose pro-
cessors, application-specific processors, or field-program-
mable gate arrays.

[0112] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out
of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0113] While the preceding is directed to embodiments of
the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

1. A computer-implemented method, comprising:

performing one or mote operations, via a processot, to
determine that a first temporal edge associated with a
first subtitle does not satisfy a timing guideline relative
to a first shot change that occurs within a sequence of
frames of an audiovisual program;

performing one or more additional operations, via the
processor, to select a second temporal edge that satis-
fies the timing guideline relative to the first shot
change; and

causing a temporal location of the first subtitle within the
sequence of frames to be modified based on the second
temporal edge.

2. The computer-implemented method of claim 1,
wherein the first temporal edge associated with the first
subtitle comprises either the start of the first subtitle or the
end of the first subtitle.

3. The computer-implemented method of claim 1,
wherein performing the one or more operations to determine
that the first temporal edge associated with the first subtitle
does not satisfy the timing guideline comprises:
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generating a first zone based on a frame included in the
sequence of frames and associated with the first shot
change and a minimum gap specified by the first timing
guideline;

determining that the first temporal edge lies inside the first

zone; and

determining that the first temporal edge is not coincident

with either the first shot change, the start of the first
zone, or the end of the first zone.

4. The computer-implemented method of claim 3,
wherein performing the one or more additional operations to
select the second temporal edge comprises:

computing a first distance between the first temporal edge

and the start of the first zone;

computing a second distance between the first temporal

edge and the end of the first zone;

computing a third distance between the first temporal

edge and the first shot change; and

if the first distance is smaller than the second distance and

the first distance is smaller than the third distance, then
setting the second temporal edge equal to the start of
the first zone; or

if the second distance is smaller than the third distance,

then setting the second temporal edge equal to the end
of the first zone; or

setting the second temporal edge equal to the first shot

change.

5. The computer-implemented method of claim 1,
wherein causing the temporal location of the first subtitle
within the sequence of frames to be modified comprises
generating a graphical user interface that depicts the first
shot change, the first subtitle, and the second temporal edge.

6. The computer-implemented method of claim 1,
wherein causing the temporal location of the first subtitle
within the sequence of frames to be modified comprises:

computing a timing error based on the first temporal edge

and the second temporal edge; and

generating an error message that specifies the first subtitle

and the timing error.

7. The computer-implemented method of claim 1,
wherein the timing guideline specifies at least one of a
minimum frame gap and a minimum time gap between a
shot change and the start of a subtitle when the start of the
subtitle is not coincident with the shot change.

8. The computer-implemented method of claim 1, further
comprising performing one or more operations on the audio-
visual program to identify one or more shot changes that
include the first shot change.

9. The computer-implemented method of claim 1, further
comprising:

computing a reading speed associated with the first sub-

title based on a frame rate;

determining that the reading speed associated with the

first subtitle exceeds a maximum reading speed; and
generating an error message specifying the first subtitle
and the reading speed.

10. One or more non-transitory computer-readable stor-
age media including instructions that, when executed by one
or more processors, cause the one or more processors to
perform the steps of:

acquiring a plurality of shot changes associated with an

audiovisual program;

performing one or more operations to determine that a

first temporal edge associated with a first subtitle does
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not satisfy a timing guideline relative to a first shot
change that occurs within a sequence of frames of the
audiovisual program and is included in the plurality of
shot changes;

performing one or more additional operations to select a

second temporal edge that satisfies the timing guideline
relative to the first shot change; and

causing a temporal location of the first subtitle within the

sequence of frames to be modified based on the second
temporal edge.

11. The one or more non-transitory computer-readable
storage media of claim 10, wherein the first temporal edge
associated with the first subtitle comprises either the start of
the first subtitle or the end of the first subtitle.

12. The one or more non-transitory computer-readable
storage media of claim 10, wherein performing the one or
more operations to determine that the first temporal edge
associated with the first subtitle does not satisfy the timing
guideline comprises:

generating a first zone based on a frame included in the

sequence of frames and associated with the first shot
change and a minimum gap specified by the first timing
guideline;

determining that the first temporal edge lies inside the first

zone; and

determining that the first temporal edge is not coincident

with either the first shot change, the start of the first
zone, or the end of the first zone.

13. The one or more non-transitory computer-readable
storage media of claim 12, wherein performing the one or
more additional operations to select the second temporal
edge comprises:

computing a first distance between the first temporal edge

and the start of the first zone;

computing a second distance between the first temporal

edge and the end of the first zone;

computing a third distance between the first temporal

edge and the first shot change; and

if the first distance is smaller than the second distance and

the first distance is smaller than the third distance, then
setting the second temporal edge equal to the start of
the first zone; or

if the second distance is smaller than the third distance,

then setting the second temporal edge equal to the end
of the first zone; or

setting the second temporal edge equal to the first shot

change.

14. The one or more non-transitory computer-readable
storage media of claim 10, wherein causing the temporal
location of the first subtitle within the sequence of frames to
be modified comprises:

computing a timing error based on the first temporal edge

and the second temporal edge; and

generating a graphical user interface depicting at least one

of the first subtitle, the first shot change, and the timing
error.

15. The one or more non-transitory computer-readable
storage media of claim 10, wherein causing the temporal
location of the first subtitle within the sequence of frames to
be modified comprises:

computing a timing error based on the first temporal edge

and the second temporal edge; and
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generating a graphical user interface depicting the first
subtitle, the first shot change, the first temporal edge,
and the timing error.

16. The one or more non-transitory computer-readable
storage media of claim 10, wherein causing the temporal
location of the first subtitle within the sequence of frames to
be modified comprises:

computing a timing error based on the first temporal edge

and the second temporal edge; and

displaying at least a portion of a video component of the

audiovisual program, and one or more timelines depict-
ing the first subtitle, the first shot change, the timing
error, and at least a portion of an audio component of
the audiovisual program.

17. The one or more non-transitory computer-readable
storage media of claim 10, wherein the timing guideline
specifies at least one of a minimum frame gap and a
minimum time gap between a shot change and the start of a
subtitle when the start of the subtitle is not coincident with
the shot change.

18. The one or more non-transitory computer-readable
storage media of claim 10, further including instructions
that, when executed by one or more processors, cause the
one or more processors to perform the steps of:

determining that a number of frames between the first

subtitle and a second subtitle is less than a minimum
subtitle gap; and

Jul. 11,2019

generating an error message specifying that the number of
frames between the first subtitle and the second subtitle
is less than the minimum subtitle gap.

19. A system, comprising:
a memory storing a subtitle timing application; and

a processor that is coupled to the memory, wherein, when
executed by the processor, the subtitle timing applica-
tion causes the processor to:

perform one or more operations to determine that a start
of a first subtitle does not satisfy a timing guideline
relative to a first shot change that occurs within a
sequence of frames of an audiovisual program;

perform one or more additional operations to select a
first temporal edge that satisfies the timing guideline
relative to the first shot change; and

cause the start of the first subtitle within the sequence
of frames to be modified based on the first temporal
edge.

20. The system of claim 19, wherein the timing guideline
specifies at least one of a minimum frame gap and a
minimum time gap between a shot change and the start of a
subtitle when the start of the subtitle is not coincident with
the shot change.
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