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PICTURE SELECTION FOR VIDEO SKI!

BACKGROLUND

go cditing. audio oditing, and video ediing applications

DMgital graphic design, 1ma
(hereatter collectively reforred to as media content cditing  applications or media-cditing
applications} provide graphical designers, media artists, and other users with the nocessury ools

te create a varicly of media comtent. Examples of such applications include Final Cut Pro® and

Movicdts, both sold by Apple, Tne. These applications give users the ability w edit, combing,
fransition, overlay, and piece together different media content in a varicty of manners to create a
resulting media project. The resulting media project specifies a particular sequenced composition
of any number of toxt, audic, image, andfor video content cloments that is used to croste a media
presentation,

Various media-editing applications facilitate such composition through clectronic means.

o~

pecificatly, 4 computer or other electronie device with a processor and computer readable

43

storage mediom executes the media-editing apphication. In so dotng, the computer gonerates a
graphical inferface that allows destgners to digitally manipulate graphical reprosentations of the
media content to prodace g desired resalt, However, i omany cases, the designers experionce
inconverience i manipulating graphical representations of the media content because ot the
shorteomiogs of the existing appheations. For example, when a wser goickly skims through a
video clip by moving a skinming tool across a representation of the video chip, the user may
experionce delay in viewing the protures from the video clip as some pictores in the video clip

take longer Hme to decode and display than others.
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BRIEF SUMMARY

Some embadiments of the invention provide a novel video proviow generator that quickly
generates proview displays of difforent parts of & video on a device. In sone ombodiments, the
previow generaser includes @ skimming ool {e.g. a playhead} and & picture gonerator. The
skinnning ool in these embodinents & moveable soross a representation of a video clip on the
devige in order to identify different video pictures {o.g. different ficlds or frames) within the
video clip. As the skinuming toel moves across the video chp representation {alse called video
clip eon helow), the picture gonerator identifics and prosonts different video pictures to display
it the preview for different positions of the skimming tool on the video clip. For at east some of
the positions of the skimming tool, the picture gencrator prosents a video picture that is not in the
video chp at the location identificd by the skimming tool, but rather 1§ at a ncerby location and is
caster to present in the proview than the video picture st the identificd location.

In some crabodiments, the video pictare that 18 casier 1 display s the video picture that
1s casiest fo decode. Specifically, i these emboditnents, the video ¢lip 1s stored on the device i
ant encoded manver, When the skimming tool moves fo a location on the video clip won that is

generator

&

associated with a video picture that the deviee has decoded and stored, the picture
presents the decoded version of the video prcture, However, when the skimming tool moves to @
particular location that i associated with a particular video picture for which the deviee does not
have a stored, decoded version, the ploture generator identifics a nearby video picture that s
easier to decode than the particular wideo picture and the other nearhy video pictures. After the
skimnning tool has stayed at the particudar location for & doaration of time, the plcture generstor in
some embodinonts decodes the particnlar video picture and prosonts this decoded pichwre in s
proviow display.

In some embodiments, the sasiest video mctwre 1o decode 18 the video picture that s
fastest o decode in a sot of video pictures that are nearby the particular video picture. For
instance, in some ombodiments, the nearby video pictures are the video pictures that are within
the same encoding group of pictures (L., same cncoding GOP) as the particular video picture, In
other ernbodiments, the nearby video pictures are not necessarily o the same encoding GOP as
the particular video picture, but are vidoo pictures betwesn the video picture associsted with the
previous location of the skivaming tool snd the partivular video picture associated with the
current location of the skimnung teol. Accordingly, in these embodiments, the video picturs
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sclocted as the zasiest video picture o decode may be part of the same encoding GOP as the
particular video picture or part of an encoding GOP that 15 before (or after depending on the
divection of the movement of the shimming tool) the encoding GOP of the particular viden
picture.

The picture generator in some of these embodiments dentifieys a nowby video picture for
display based on the number of reference video pictures that are divectly or indirectly refercnced
by the video picture. Therefore, for cach of the nearby pictures, the ploture generator in some
embadiments conpuies a number of reference pictures that are directly or indircetly referonced
by the picture based on an assumption that the number of reference pictares serves as a good
estimate of decoding time, After computing the number of reference pictures for cach of the
several nearby pictures, the picture generator selects the picture that bas the svaaliost computed
numbor of reference pictorcs, When muliiple pictures heve the same computed number of
reference protures, the pictare gencrator selects the pieture that s closest to the particular picture
i a display order.

Other embodimoents, however, use other techmigues to identify the casiest nearby video
picture o present or the fastest nearby wideo preture to decode. For instance, o other
erabodiments, the picture generator computes & melrie score that estimates the decoding time for
gach video pichure based on the size of the particalar picture, the size of the refurence pictures
referenced by the particular picture, and the namber of reference pictures directly or indirectly
referenced by the particular moture, Based on the computed motric scores, the pictare generstor
then selects the newrby video picture to decode and present in the preview display for a particular
location of the skimming tool that docs not have a decoded video pieture,

Also, in many examplos deseribed above and below, the skimming tool is said to move
from left to right along a timeline that spans from Jofl to right (Le.. to move from an carlior point
1 thwe 0 a later point i tine). Accordingly, seme of the discussions above and below are shout
selecting a ncarby picture frony a set of pictures that are sl or mostly before the current picture at
the current location of the plavhead, The use of thus termunology, however, should not amply that
the selection of the group or picture is always made from the pictures that precede the cuarrent
location of the skimming ool This is because, i instances when the skimming tool (o.g.,
playvhead} moves from right to loft dlong & timeline that spans from loft to vight .0, moves back
1 time), the preview generator of some embodiments identifios nearby pictures that are after the

=Y
Y
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current location of the skinuming tool {ie., that are to the right of the current location) or that are
maostly after the curvent location,

Accordingly, the preview generator of some embodiments can select the nearby group of
pictures and 8 piotuwrs in the nearby group of pletures from pictures before or after the current
locarion of the skimming tool depending on the dirgction of movement of the skimming tool. In
other words, when a skimming tool moves from g first location to a second current location in &
particelar direction {e.g., from nght to left dong a nmeline that spans from left o right), the
skimming tool sclects u noarby group of pictures that mchude only or mostly pictures that wre
between the pictures associated with the first and second locations. This iy because these in-
between pictures are the pictures over which the skimming tool has conceptually moved, which
makes one of thew a veore acceptable choice as & tomporary substitule picture for the curvent
preture gt the second current location of the skimming tool than the picture at the fivst location of
the tool or a picture beyond the second location of the wol. However, as further deseribed below,

some erbodiments do allow selection of intra-cncoded piotore that is bevond the secoud current

location of the tool . some sitnations when the moverent of the tool spans mudtiple encoding
GOPs.

Datferent applications use the preview generator of some embodiments of the mvention.
For instance, the preview generator of sorme ernbodiments s used in a media~editing application
that composites one or more media clips fo create a composite media prosentation. In these
embodiments, the preview generstor can be used to generate proviews of video clips that are pant
of & composite presentation, or that are candidates for adding to the composite presentation. In
other ernbodiments, the proview generator i used by the oporating system of tho device i order
W generate quick praviews of video oips stored on the device.

Also, while some ombodiments desoribed above and below are for gencrating proviews
of # video clip, one of ordinary skill in the art will realize that the invention can be used to
govnerate quick proviows of other sets of sssociated pictures, such as shde shows, ot
Accordmngly, the preceding Summery s intended to serve as a brief introduction to some
embodimenis of the invention. It is not meant to be an ntroduction or overview of all inventive
suljoct matter disclosed in this documont, The Detatled Doseription that follows and the
Drawings that are reforred to in the Detatled Dosoription will furthor desaribe the embodiments

described in the Summary gs well ay other embodiments, Accordingly, to undorstand all the

4



wn

WO 2012/173724 PCT/US2012/037851

cmbodiments described by this document, a full roview of the Sunmmary, Detailed Description
and the Drawings is nesded. Morcover, the claimed subject matters are not to be Hmited by the
iHustrative detatls in the Sumumary, Detatled Description and the Drawing, but rather are © be
defined by the appended claimy, because the claimed subject matters can be envbodied in other

speeific forms without depurting from the spirit of the subject mattors.

Lty



wn

.,d
i

20

WO 2012/173724 PCT/US2012/037851

BRIEF DESCRIPTION OF THE DRAWINGS

The novel foutares of the mvention are set forth in the apponded claims. However, for
purposes of explanstion, severs! cmbodiments of the invention are set forth in the following
figures.

Figare 1 tustrates an oxample of gencrating a proview when a yser skims through a
viden clip.

Figure 2 illustrates 4 process of some embodiments for generating a preview whon a user
skims through a video clip.

Figure 3 illustrates several examples of selecting pictures for a video preview when a
user skims through a video clip.

Figure 4 fllustrates several examples of selecting pictures for display when a usor skims
through ¢ video chp,

Figure 8§ conceptually tlustrates a software architecture of a medis-editing application of
some erabodiments.

Figure & conceptually Hustrates g sofbware architecture of a video decoder.

% £

Figure 7 conceptoally illustrates 8 state diagrarg of a proview genorator of

=

SO
erabodiments,

Figure 8 illustrates a process of some embodiments for selecting pictures for a video
proview when g user skims through a video chip.

Figuve ¥ illustrates additional examples of selecting pictares for a video preview when a

user skims through a video chip.

Figure 19 iltusiratos a graphical wser interface (GU) of a modia-editing applivation of
some embodiments.

Figure 11 illustrates a timeline of @ medis-cditing application having two skimming
tools,

Figure 12 tllustrates an oxample of geonorating a vidoo proview wher a user skims
through a thumbnail of a videe 13 & mediz-editing application.

Figure 13 conceptoally tllustrates the software architecture of a medis-editing application
of some embodiments.

Figure 14 illusirates an oxample of generating & vidoo proview when a usor skims

through u thombnat of 8 video in a file browser of an operating system.

)
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Figure 18 illustrates an oxample of gencrating & video proview when a user skims
through 3 video in a file browser of an operating system.
Figure 16 conceptuslly illustratex an electronic systemn 1600 with which some

enbodiments of the Investion are implemented.

3



wn

.,d
i

20

WO 2012/173724 PCT/US2012/037851

DETAILED DESCRIPTION

In the following detailed description of the invention, numerous detatds, examplss, and
gmbodiments of the Invention e sot forth und desertbed. However, it will be clear and apparent
to one skilled in the art that the invention is not limited to the embodiments set forth and that the
invention may be practiced without sonie of the spocific details and examples discussed.

Some cmbodiments of the invention provide a novel video preview gonvrator that quickly
generates proview displays of difforent parts of & video on a device. In some embodiments, the
proview generater includes a skimnuing tool {e.g., 8 plavhead) and a picture generator. The
skimming tool in these embodiments 1s movedble across a representation of a video clip on the
device i order fo identify different video pictures {e.g., different Gelds or frames) within the
video clip. As the sktmming tool moves across the video clip represestation (salse called video
clipy 1con), the picture genorator identifies and prosenis difforent video pictures to display i the
proview for differont positions of the slamming tool on the video clip. For st loast some of the
positions of the skimming tool, the picture generator presents a video pictare that i not in the
video chip at the location identificd by the skimming wool, but rather is at a pearby location and is
casier to present in the preview than the video picture at the Identified location.

lu some embodiments, the video chip is stored on the device in an encoded manner and ity
protures are required to be decoded before being presented w the preview. In these embodiments,
the video picture that is casier to display s the video piotwre that &5 casiest or fastest to decode.

When the skimovog fool moves 1o a location on the video chip 1con that is associaied with a

video pioture that the deviee has decoded and stored, the pieture generator presents the decoded

version of the video picture, However, when the skimmming fool moves to a particular location

that s associated with & particular video picture for which the device doss not have a stored,

decoded version, the picture generator identifies a nearby video picture that s casier to decode

than the particalar video picture and the other nearby video pictures. After the skimming too! hag
staved at the particular location for a duration of time, the picture goncnvor m some
embodiments decodes the particelar video piciure und presents this decoded proture in i3
proview display,

Difforent applications use the proview generator of some embodiments of the invention,
For instance, as further descrilbed bolow by roference to Figure 14, the proview generutor of

some cmbodiments ts used by the operating system of the device in order to gomerate guick
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proviews of video clips stored on the dovics, Altematively, the preview gencrator of other
crsbodiments ix ased in 8 media-editing application that composites one or more media clips to
create 1 composite media presentation, In these enabodiments, the proview geaerator o be used
o gonerate previews of vides clips that are purt of 8 composite prosentation, or that are
candidates for addmg to the composite prosentation,

Figuve 1 illustotes a GU 100 of a media-oditing apphication with such a proview
generator, Specifically, this fgore dustrates the QUT 100 at four different stages 1S, 110, 115,
and 120 thai show the proview gencrator providing a preview of soveral videos in a composite
presemtation. Each of these stages will be described i more detat! below after an mtrodoction of
the clements of GUT 100

As shown in Figure 1, the GUI 100 tncludes & composite display ares 120 (also called a
timehing below) and a proview display srea 123, The composite display area 120 includes a video
track and displays a graphical representation of the composite prosentation by displaying media
clips that forn the composite presentation. Although the composite display area 120 in thas
example only shows one media track, other embodiments may include more than one track. For
wnstance, msome embodiments, the composite display area may also welude one or more sudio
tracks, transition tracks, addittonal video tracks, cte. In other embodiments, the composite

display arvea docs not include mualtiple tracks, but rather inclodes a single track {called a sping) fo

which other clips or sequences of clips connect (also called anchor). For these embodiments, the

video track 130 represents the spine.

As shown, the video track 130 in this figure includes three video clip lcons representing
three video clips 168, 170, and 175 In some embodiments, the nwodis-cditing application
associates different horizontal locations on cuch video clip feon with 8 video picture (e, ficld
or frame) of the corresponding video clip. The vomposite display avca also includes a playhead
1335 that ts movable across the video olip fcons.

In some cmbodimonts, the preview display arca 123 displays 8 preview of the madia
presentation {o.g., video presentation) that is composited 1o the composite display area 120, As
the plavhead moves scross the timeline and scrolls over each video olip in the tmeling, the
proviow display arca displays a video ¢lip picture that correspeonds to the location of the playhead
135, Thay, ax the plavhesd 135 moves from one location to anothor on 3 video chip icon, difforent
pictures of the video colip reprosented by the differcat locations of the playvhead 135 on the video

9
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olip wcon are displayed in the preview display arca 125

Different ombodiments provide difforent techuiques for moving the plavhead 135 across
the timeline, For instance, in some cntbodiments, the playhead 133 can move seross the timeline
during & playback of the conmposite proseuntation, or as & vesult of its manual movement by a uxer,
In some embodiments, the playhead 138 manually moves across the tmeling in response to a
usier's selection of the plavhead {o.g., through & cursor sclection or a touch-sereen selection of the
playhead) and moverent of the sclected playhead across the timeling. In other embodiments, the
user does not need to select the playhoud, as the plavhead 135 nanually moves acrosy the
timehne as the user moves the cursor or touch-sereen contact across the timeling.

When the user manually moves the playhead across the timehne, the playhead 135 serves
a8 a skamming tool that allows a user o skim throogh the content of the video chps in the
composite prosentation. Difforent embodiments use difforont graphical roprosentations for the
playhead as the skiming tool, Tn the example iHlostrated in Figare 1, the plavhead 135 appoars
as & vertical Hue that spans the entire height of the compostte display area 120, The plavhead 135
along wath & pmcture generator {not showa) forms the proview gencrator of the media-editing
application 100 of some embodiments,

The operation of the GUI 100 sall now be descrnibed by reference to the state of thus GUI
during the four stages 105, 110, 115, and 1200 The first stage 105 shows an mitial state of the
GULL In this initial state, the three video clips 165, 170, and 173 are on videe track 130, The
playhead 135 s idle at & location over the second chip 170, This location corresponds to Picture
A (Uthe current pictare”™) of the second video clip 1790, For this position, the application’s picture
generator has decoded and displayed Picture A as the playvhead 133 has boon st this wdle postiion
for u sufficiently long duration of time.

The sccond stage 110 dhustrates the GLT 1D after the user has started skimmiing through
the content of the video clip 178 by moving the playhead 135 forward on the vidse track 130, In
this stage, the solid ling 160 indicates the current location of the plavhead, the dotted ling 143
indicates the plavhead’s previous location, the solid wrow 140 indicates the movement of the
playhead from location 145 to location 160, and the dotted amow 150 indicates the playhead™s
continuing movement to the right on the video track 130, The user’s movement of the playhead
133 w this example may be accomplished through sny onc of several techniques, such as through
cursor control operations {¢.g. through g click and drag operation), through touch scresn control

10
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operations {o.g., through touch screen comtact and movement on g touch sorcen display of the
device), et

As shown in the second stage 116, the playhead 135 has moved from the previous
location 145 over the second video clip 170 to the current location 160 over this video elip. This
location corresponds o the second clip™s encoded Picture €, which is now the current picture.
Singe the current picture is not decoded and stoved, the picture gencrator selects & nearby picture
that 15 fastest to decede. In some embodiments, the nearby video pictures for a carrent location of
the plavhead are the video pictures that are within the same cncoding group of pictures {Le.
same cncoding GOP) as the current picture associated with the current location of the playhead.
An encoding GOP is ¢ group of successive pictures within an encoded video strcam that baings
with an intra-picture (Lo, a picture that does not reference any other pioture) snd ends with the
preture hefore the next intra-picture. In other cmbodiments, the newrby video pictures ave not
necessarity in the same encoding GOP as the corrent picture, but are video pictures between the
video picture assoctated wath the previous tocation 145 of the playhesd and the currend picture
{Picture ) assoctated with the cwrent location 160 of the playvbead. Accordingly, in these
embaodinents, the video picture selected as the casiest video picture to decode may be partof the
same encoding GOP ag the aurent pleture or part of the encoding GOP that is before {or aftor
depending on the direction of the movement of the playhead) the encoding GOP of the carrent
pictare.

In the cxample Hlustrated in Figure 1, the picture generator of the media-editing
application identifies the nearby group of pictures as simply the group of protures that inclades
pictures between Pichure A (Lo, the picture asseciated with the previous location 1435 of the
plavhead 133) and Pactare € (L, the curtent prctwre assoviated with the cuvrant location 160 of
the playhead 135) As shown in this fgure, this group includes decoded Pioture B. For the
plavhead location 160, the sccomd stage 110 shows that the picture generator has selected and
displayed decoded Picture B bocause this picture was the closest picture in the group of ploturss
assovrated with Picture € that did not require any decoding.

The third stage 11§ tdlusteates the GUT 100 alter the user has further moved the playhead
133 to the right (v, through a click-and-drag operation, through a touch screen contact and
movement, ote from the previous location 160 over the sccond video clip 170 to the current

location 180 over this video clip, ay indicated by the solid arrow 135, This stage 115 alse
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tustrates that the playhead has stopped at the position 180, It further Hustrates that the current
location 180 corresponds o the second-clip encoded Picture E, which Iy now the current picture.

Since this current picture 18 not decoded snd stored, the application’s pisture gonerator
identifics a group of nowrby pictures for this plavhead location and seloets # nowrby picture that is
fustest to decode. Agadn, in this example, the picture generator identifics the group. of newrby
pictures as pictures betwoen the picture (Picture ) associated with the previoos plavhead
location 160 and the current picture {Picture E) associsted with the current playhead location
180, As shows, the group of nearby pictures includes Picture DL Accordingly, for the playhead
location 180, the pichure generator decodes and displays Picture B as the pichure gonerator
determines that Picture D s fastest to decode within the wenbificd group of nearby pictures.

The fourth stage 120 Hustrates the GUU 100 after the playbead 135 s wle for o duration

of time at the playvhead location 180, In some embodiments, when the playhead has stayed at a

particular location for a cortain duration of time {¢.g., 30-60 nulliscconds), and the particular

location i associated with a cwrent picture that has not yot beon decoded, the pictere generator
decodes the corrent picture (e, the video picture of the video clip dentifiod by the skinuning
tooly and prosents the carrent picture wy the proview display area 123, Accordingly, given that the
Picthire E was not decoded when the playhead reached location 180 during the thard stage, the
fourth stage 120 iltustrates that the application”s picture generator has decoded Proture B as the
playhead 135 was idle at this position for « sufficiently long duration of time, and has displayed
this decoded picture in the preview display 125

Figure 1 dlustrates the movement of the playhead from a first location o a second
location across the timeline. It should be noted that the two locations are shown significantly
apart in this feure i order to simplify the deseription of some ambodiments of the invention. In
reality, the two locations may be much closer than they appear dn this figwe as the picture
selection operativn described above s repeatedly and rapidly performed for many such location
pairs while the plavhead is being moved in some embodiments.

Figuve 2 conceptually #lusirates a process 200 that the application’s picture gencrutor
porforms in some embodiments to select and display a video picture alter movement of the
playhead from a fest focution w0 a second location in the timeline. Some cobodiments parform
this process upon ropeiving notifivation of the movement of the playhead between the first and

seoond locations. For instancs, the picturs gencrator porforms this process soveral times gs the

12
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playvhead moves between locations 145 to 160, and then betweon locations 160 to 180 mn the
cxample illustrated in Figure 1,

As shown i Figare 2, the process 200 begins by identifyving {at 203} & current viden

picture that corresponds o the current location of the playhead on the video clip ivon. Next, the

provess detornunes (at 210) whether the identificd current picture has been decoded and stored in

a cache storgge of the gpplication, In some cmbadiments, the cache storage 1s momory space
allocated for the appheation in the device’s volatile memory {22, RAM} andfor s non-volatile

raemory {e.g., disk, flash memory, ete). The amount of allocated memory s often fintte, which
int some embodiments requires purging of decoded pictures fron the allocated memory whenever
the application nsage of this merory reaches its imits,

When the process determines (at 210) that the current picture i decoded and stored in the
cache, the process selects {at 215) the identified current picture, The process then displays (at
2335} the sclected pieture. On the other hand, when the process deterrmnes {at 210) that the
current proture 18 not currently stored w the cache i a decoded vaanner, the process deternines
{at 220y whether there ave any decoded pictuves in a group of nearby pictures associated with the
current picture. As mentioned above, the group of piohures in some embodiments is an encoding
group of plohures (e, s an encoding GOP), whle in other embodiments, i i not an ancoding
group but vather is simply a set of pictures between the picture associated with the previous
posttion of the playbead (e, with the playhead’s first location) and the picture associated with
its current position (Le., with the playhead’s second location).

When the process determines {at 220) that there 1s one or more cached decoded video
pietures within the group of nearby pictures, the process selects (8t 223) a decoded meoture that is
located closest to the current pictere i the groupy of plctures associated with the current picture.

For example, in the secound stage 110 of Figure 1, Piclore B iy selected bevause Picturs B has
been decoded and stored in & cache. The procoss then displays {at 233) the selectad picture,
When the process determines (at 220 that there is no decoded video picture within the
group, the process selects and decodes {at 230) 4 video proture within the group that is fastest te
docode. In the third stage 115 of Figure 1, Pictre D s selocted from the group of nearby
pictures becauss Pictwre D s fastest to decode. The operation of selecting a picture that ix fastest
to decode within the group of nearby pictures will be explained in more detal bolow by

reference to Figures 3 and 4. After selecting the pioture {at 230), the process displays (ut 235)

\g o
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the sclected picture, After 2335, the procoss ends.

-

Figure 3 illustrates two oxamples of selocting 8 video picture for display during a
skinnping operation that nse the process 200 of Figure 2. Figare 3 illusirates those two
cxamples by illustrating the third stage 113 of Figure I, which shows the plavhead 135 moving
fromy the provious focation 160 1o the curremt location 180 over the second video clip 170, The
current location 180 camesponds to sceond-clip encoded Pioture 19, which serves as the current
picture, Since Picture 19 has not been decoded, the picture generator has to select a picture o
display in licu of Prcture 19 from a group of nearby pictures that are associated with the current
pictare,

The two examples iHustrated in Figure 3 prosent bwo variations of what the nearby group
of pictures could inchude, In both of these examples, the group of acarby pictures are pictures
that are located between the picture associated with the provious location 160 of the playhead
and the curvent picture associated with the current location 180 of the playhead 133, Also, in
both of the cxaraples, the pictures have boen encoded ssing MPEG2 and the group of pictures
inctudes four pictures 16 to 19,

I the fisst example 320, Pictare 15 &5 an Ipicture {also knowo as an intra-preture) that
does not referonce any other picture. Pieture 16 18 a Popicture. Pieture 17 8 a Bepicture. Pieture
I8 15 & Bepictare. Pictare 1918 a Peopicture, In this sequence, B-pictare 17 has been previously
decoded and stored 1 & cache storage 3035 of the application, while B-picture 18 has not been
deeoded and stored in this storage. Accordingly, when the playbead 135 reaches the location 180
that corresponds to the encoded Picture 19 in this example, the pictare geverator wentifies
Picture 17 as the picture that is closest to the current pichure that s stored in a decoded state in

-
{

the vache storage 305, Thuy, the picture generator retrieves decoded Pictare 17 from the cache

storage 303 and displays Plonwe 17 in the proview display avea 123,

1n the sceond cxample 325, Picture 13 s ap Ipicture. Ploture 16 is a P-ploturs that
refercnces Picture 135, Pioture 17 s ulso an Ipicture, Picture 18 18 & Bepictyre that reforences
Pictures 17 and 19, Picture 19 is a Popicture that reforences Picture 17, In this example, none of
the video pictures within the group has been decoded. Accordingly, when the plavhead 135
reaches the location 1RO that corresponds to the encoded Pictare 19 in this example, the picture
generator of some cmbodiments identifies # nearby picture that is fastest to decods. Some

embodiments identify the picture that s fastest to decode as the pieture with the smallest nuntber
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of reference pictures, based on the assumption that the number of reference pictures serves ax a
good estimute of decoding time. Thercfore, for cach video picture in the group of nearby
pictures, the picture generator computes a number of reforence piotures that are divectly or
indivectly reforenced by the picture. After computing the number of reference pictures for cach
of the noarby pictures, the picture gensrator sclects # video picturs that has the smallest number
of computed reference pictures. In the sccond example 325, the T-picture 17 hay the smallest
nantber of referonce picture as this picture 18 an intra-picture that does not reference any other
framz. Thercfore, the picture gonerator selocts Picture 17 for display in the preview,

Figure 3 lusivates two examples of selecting o picture for display when at loust one
piciure within & nearby group of picturcs 1 a cached decoded pic.tm"c or an intra-pioture,
Figure 4 ustrates three additional exarmples 420, 430, and 440 of sele s pretwre for display
during the skimming operation. The newrby group of pictures in none of these three examples
includes a cached, decoded proture or an intra-picture. In other words, cach of those examples in
Figare 4 ilfustrates a case where the application’s picture generator has to select a nearby picture
that has to be decoded before 1t can be presented in hew of the current picture.

Like Figare 3, Figore 4 ilustrates s oxamples by reference to the third stage 113 of
Figure 1. In this stage, the plavhead 135 has moved from the previoas location 160 1o the aurvent
location IR0 over the second video clip 170, and the current location 18 corresponds o encoded
Picture 19, which serves as the cwrrent picture. Again, since Picture 19 has not been decoded, the
picture generator bas to select g picture to display in hew of Picture 19 from & group of nearby
pictures that are associated with the current picture.

The three examples tHustrated in Figure 4 prosent different variations of what the noarby

group of pictures could include and how they could be encoded. In these examples, the group of
acarby pictures are pictwres that are focated between the picture 13 associated with the provious
location 160 of the plavhead and the current picture 19 associated with the current location 180
of the plavhead 135, Also, in these examples, the group of piotures includes four pictares 16 w
19

In the fust encoding example 420 of Figure 4, an MPEG2 encoder has been used o
encode the pictures of the second video clip 170, Also, in this example, (1} Picture 15 s an b
picture that does not reforence any othor pictures, (2} Picture 16 ix a B-picture that reforences
Pictures 15 and 17, (3) Picturs 17 is 8 P-pictare that references Picture 13, {4) Picture 18 is 3 B-

i
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picture that dircetly references Pilotures 17 and 20, {3) Picture 19 18 8 B-picture that dircotly
references Pictures 17 and 20, and (6) Picture 20 iy & Pepicture that divectly refercnces Picture 17,
Pietures 18, 19 and 20 can be viewed as indireetly referencing Pioture 15 through their divsct
reference to Ploture 17, In other words, these three pictures are indirectly dependent on the
decoding of Picture 13 through their divect dcpmde‘ncc ot the ducoding of Picture 17,

Given that the current picture 19 is not stored in & decoded state m the cache, the picture
generator needs to sclect and decede s picture from the group of nearby pictures. When none of
the nearby pictures in the group is stored m a decoded state, the picture generator of some
ernbodiments sclects & nearby video picture that bas the smallest numiber of reference pictures.
Different ombodiments provide differemt mothods to compute the number of reference pictures
for a video pictare. In some crabodiments, the picture generatar first identifics the closest intra-

picture in a decode order from which a decoder can start decoding in order to decode the

particnlar preture (Lo, the farthest fotra-picture i the decode order that is directly or indireetly

reforenced by the pm‘i‘im‘iﬁr pietare). The picture generstor thon counts from the particelar
picture to the identified intra-picture 1 the decode order, the number of reference pictores that
are directly or indivectly reforenced by the parvticular proture,

The first example 420 shows the decode order of its set of pictures. Ty this decode order,
the I-Picture 15 comes first as ttis an intra-picture, does pot reference any other prohure, and 1
prior to the other picturey in the display order. Picture 15 1s followed by Pictare 17, which even
though is after Picture 16 in the display order, is necded for the decoding of Picture 16 {as well
ay several other pictures). Next in the decode order is Pictare 16, which is a Bepichwre that
directly references both Pichures 135 and 17, and is bofore Pictwre 18, 19, and 28 in the display
order, Picture 16 18 followed by Picturs 20, which even though i after Pictures 18 and 19 in the
display order, is needed for the deceding of these two pictures. Pictwre 20 alse indirecily
reforences {Le., indirectly depends on the decoding ofy Plcture 15 through its divect reforence to
Picture 17, Picture 20 is then followed by Pictures 18 and 19, which dircetly reforence Pictures
17 and 20, and indircctly reference Prcture 15,

In this example, the closest intra-picture from which a decoder can start decoding in order
o decode Pictare 19 i Pictare 13 (Lo the farthest intra~picture in the decode order that is
divectly or indirectly reforenced by Picture 19 i Picture 13). Therofors, from Picturs 19

o

Pictarz 15 in the decode order, the picture generator counts the number of reference pictures that

fan
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are directly or indirectly referenced by Picture 19, There are five different pictures between
Pictwre 19 to Picture 13, However, among these five pictures, ouly Picture 20, Picture 17, and
Pictwre 15 are directly or ndirectly reforonced by Picture 190 Thus, the picture gonerator
determines that Picture 19 has 8 count of three reference pictures. In other words, a decoder is
required to decode three other pictures in order t docode Pioture 190 In counting the number of
reforence pctures that are directly or mdirectly referred to by a particular picture, the mictwre
generator of some ombodiments does nod count any reference picture that it has previously
counted w a direct ov indirect reference of the particular proture, Thas, for Pictare 19, the picnwre
generator counts Picture 17 only onee, oven though Picture 19 directly references Piotare 17 and
indirectly references it through Picture 20

Similarly, the closest intra-picture from which a decoder can start decoding in order o
decode Picture I8 s Picture 15, Therefore, from Picture 18 1o Picture 13 in the decode order, the
pictare gencrator counts the number of pictures that sre directly or indirectly veforenced by
Pictare 1R, Among the four difforent pictures botween Pricture 18 to Picture 15, only Pieture 20,
Picture 17, and Picture 13 are veforenced by Picture 18, Thus, the pichure genorator determines
that Ploture I8 hag a count of three reference pictures. To other words, a decoder s required to
decode three other pictures in order to decode Picture 18,

gengrator deternungs that Picture 16 has a count of

foe

Using the same method, the pietare
two reference picteres, while Picture 17 has a count of one reference pictare. Therefore, in the
first example 420, Picture 17 15 selected for decoding and display {as indicated by the thickened
border) in Hew of Pictwre 19, becawse Pigture 17 has the fowest counted number of divect and
direct reforoncs pictures within the group.

The first example 420 sllustrates performing a picture selection operation on a sot of
MPEG2 encoded pictares that have a restrictive picture dependency structure. For example, none
of the B-pictures {pictures that reforence more than one othor picture) encoded with MPEG2 can
b referenced by any othey picture. Other encading methods {o.g., H.264) allow a dependency
structure that s more liberal, For example, H.204 allows a pictare that references more than one
other picture to be reforenced by another picture.

The second example 430 illustrates pocforming a picture selection operation on 8 set of
pictures that have been encoded with such an oncoding method. As shown, the dependency

structure of Pictures 135 to 20 15 wdontical to that of the first example except for Bicture 19, In the

i
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coend example, instead of referencing Picture 17 and Picturs 20, which are pictures that directly
refercnce only ong other picture, Pictuwrs 19 reforences Pictare 18 (e, 8 picture that references
nrore than one picture) and Pietare 20,
As in the first example 420, the picture gencrator for the second example 430 initially
identifics a group of nearby pictures that inchudes Pictures 16 to 19, and then computes the

munber of reforence pictures that are divectly or in.direcﬂy referenced ‘l:ay‘ cach 'picture i the

15, Picture 17, Picturs 16, Picture 20, Pieture 18, and Picture 19,

Inthis exmtn.pie, the closest intrw~pictore from which s decoder can start decoding in order
0 decode Picture 19 is Picture 15, Therefore, from Picture 1930 Pictare 15 10 the decode order,
the pichwe gonevator counts the number of refurence pictures that sve ducetly or inducetly
reforenced by Pioture 190 There are five difforent pictores from Ploture 19 to Picture 130 Among
the fve pictares, Picture 20, Picture 18, Proture 17, snd Pictore 15 are divectly or indueotly
veforenced by Pietwre 190 Thas, the picture gencrator detormimes that Pictare 19 has fowr
reference pichures, In other words, a decoder is required o decode four other protures in order to
decode Pleture 190 Given that the picture referencing s the same for the remaiing Prctures 15-
18 1 the first and second examples 420 and 430, the picture generator computes the same counts
for Pictures 15-18 in the same manner i these fwo examples. Similardy, i the second example
430, the pictare generator ends up selecting Pictare 17 (a8 wdicated by the thackened border) as
having the smallest reference picture count within the identified group of Prctures 1519, In the
second example 430, the pictare generatoy thus decodes Pioture 17 and displays this picture in
lieu of Picture 19,

The finst and sccond examples 420 and 430 tlostrate scoparios where plotwres are
sclocted for display from sncoded videos having a closed-GOP structure. In a closed-GOP
structure, none of the pictures In the wideo reforences any pictwre that is located buofore the
closest preceding ivtra~picturs in a decode order. On the other hand, video pictures in an open-
GOP structurs may reforence video pctures located prior to the closest preceding intra-pictare m
a decode order

The third cxample 440 iflustrates a sconario whore a picture s selected for display from
an encoded viden having an opua-GOP structure. In this example, the sequence of plotwrss

includes (1) Picture 15, which ig an picture that does not reforence any other picture, {3) Picturs
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16, which is a B-picture that directly reforences Pictures 15 and 17, (3) Picture 17, which ix a P-
picture that directly reforences Picture 15, () Pictures 18 and 19, which are B-pictures that
divgetly reforence Pictures 17 and 20, and (5) Picture 20, which is an picture that does not

eference any other picture. As in the fivst and second examples 420 and 430, Pictures {¥ and 19

¢

an be viewed as indivectly referencing Picture 15 through their divect reference to Pieture 17, In
other words, these two pictures are indivectly dependent on the decoding of Picture 15 through
their direct dependence on the decoding of Picture 17.

Also as in the fivst and second cncoding examples 420 and 430, the picture generator for
the third example 440 initally dentifies @ group of nearby pictures assoctated with Picture 19
that includes Pictures 16 @0 19, and then computes the number of reference pictures that arg
divectly or indivectly reforenced by cach picture i the group. In the third cxample, the decode
order of the set of pictures is as follows: Pletare 15, Picture 17, Picture 16, Picturg 20, Picture 18,
and Preture 19, In this decode order, Ploture 15 comes first a8 it is an Intra-picture, does not
reforence any other poture, and is priov to the other pictures i the display order, Prchwre 15 18

followed by Pichwre 17, as it s a Pepictare that jost divectly reforences Picture 13 and i3

~y
[l

reforentced by Picture 16, Pictare 17 precedes i the decode order Ploture 18220 (ncluding §-

~
i
i

Picture 20) bocause Picture 17 is before these pictures i the display order and does not refer to

any of these pictures directly or indirectly for ws decoding. After Picture 17, the decode order bas
Picture 16, since it i3 a Bopicture that diveetly references Pictare 15 and Pleture 17,

Picture 16 s followed by Pleture 20, which even though is after Pictures 18 and 19 10 the
display ovder, is noeded for the decoding of Pictwres 18 and 19, as it §s an intra-plohae, does not
reference any other picture, and is reforenced by Piotures 18 and 19 Next in the decodes order are
Pictwros 18 and 19, which are B-pictures that dircotly veference both Pictures 17 and 20, and
indirectly reference Pioture 13, As shown in thas example, Pictures 15, 16, and 17 belong to the
same encoding GOP (Le.. GOP A}, and Pictares 18, 19, and 20 bolong to another encoding GOP
{i.c,, GOP B),

in the first and second encoding examples 420 and 430, the closest intra-pieture that a
decoder can start decoding for a particular picture always belongs to the same cncoding GOP ag
the partivelar ploturs does. This third example 440 titustrates that i an open-GOP structure, the
closost intra-picture that a decoder can start decoding for a particular picture may belong to the

encading GOP befors the encoding GOP of the particular picture. In addition, mniike cnceding
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examples 420 and 430 1n which all the pictures within the group of noarby pictures are picturss
that belong to the same encoding GOP, the oxample 440 Hlustrates that pictures in the group of
aearby pictures may bolong to diffvrent encoding GOPs in some smbodiments,

Even though Picture 19 in the example 440 belongs to encading GOP B, the closest intra-

picture from which a decoder can start decoding in order to decode Picttee 19 18 Pleture 13 of

encoding GOP A, Therefbre, from Picture 19 o Picture 13 in the decode order, the picture

generator counts the number of reforence pictures that are directly or indirectly referenced by
Picture 19, Pictures 15, 17, and 20 are divectly or indivectly reforenced by Picture 19, Thus, the

picture generator determines that Picture 19 bas & count of three reforence pictures. In other
words, @ decoder is roguired o decode three other prctures in order to decode Picture 19, Using
the same method, the picture ponerator determunes that Picture 1R also has a count of three
reforence pictures, Picturs 17 has a count of one refercnce picture, and Picture 16 has a count of
two referonce pretures, In addition, Pictare 20 has g count of zere reforence picture as Pacture 20
1s an intra-prctuve that docs pot reference o any other picture. After determining the namber of
reference pictures for cach picture in the group, the picture generator of some embodiments
sefects Pleture 17 {as indicated by the thickesed border) for decoding and display in licn of the
Picthire 19, because Picture 17 has the fewest computed mumber of veforence pictures within the
group of nearby pictares,

Othier cmbodinents may compute the number of referenced pictured andfor select the
substitute picture for display differently. For jostance, in the example 440, Picture 20 precedes
the carrent pichre in the decode order even though Picture 20 is after the current picturs in the
display order. The pioture generator of some embodiments not only includes Picture 20 as part of
the group of nearby pictures for the purposes of counting the number of referenced pictures, bt
also ingludes Picturs 20 in the group of picturss from which the generator can pick the substitute
picture to show in place of the current pictwre at the current location of the playvhead, Thus, in
these embodiments, the picture geonorator selocts Picture 20 as Picture 20 has the smallest
number of reference pictures within this group of nearby pictures, This selection is based o an
assumption that #t Is appropriate 1o select & picture that Is beyvond the cwrrent focetion of the
plavhead m the dircction of the playhead motion (Lo, v thix cxample, is shoad of the current
Picture 19}, because the display of the selected moture doos not have (o signify an exact location

of the playvhead but rathor a relative position within the conposite prosentation. Morcover, given
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that Picture 20 s the -Pictre associsted with the Picture 19, in some ways it is more
representative of Picture 19 than the provious encoding GOP's encoding Picture 17,

Seviral additionsl examples of selecting video pictures for decoding will be described
further below by refercnce to Figure 9. In that example, ax well as the examples described sbove
by reforence to Figures 3 and 4, the videe pictures are encoded bused on the MPEG2 or H.264
encoding standards, Howewer, one of ordinary skill in the art will realize that the pictwre
solection operabion may be performed the same way on videos that are encoded with other
encading mothods.

Furthormore, iy many examples described shove and below by reference to Figures 1, 3,
4, 9, 11, 14, and 15, the playbead or skimining tool is shown to move from lelt to right along a
timeling that spans from left to right {Le., to move from an carlier point in tume to a latey point in
time). Accordingly, much of the discussions above and below are about selecting a nearby
pictare frowm a st of pictures that are typically before the current picture st the current location of
the plavhead. The wse of thus forminology, however, should not fmaply that the selection of the
group or picture is abways wade from the pictures that precede the corront location of the
skivaming tool This s because, moinstances when the skimuning tool {e.g., playhead) moves
from right to left slong a timehine that spans from left to right (e, mioves back in time), the
preview generator of some embodiments tdentifies nearby pictures that are after the carrent
location of the skimming tool {Le., that are o the night of the current focation) or that are wostly
after the current location of the skimming tool.

Accordingly, the proview gonerator of some embodiments can select the nearby group of
pictures and a pictere in the noarby group of pictures from pictures bofore or after the cumrent
location of the skimming tool depending on the direction of movemant of the skirming tool. In
other words, when a skinuming teol moves from a first location to a sccond current location in a
particular divection (e, from rght o left along a timeline that spany from feft to right), the
skinuning tool selevts a nearby group of pictures that inclade only or mostly picturcs that are
between the pictures associated with the first and sccond locations, This is becsuse these in-
betwoen pictures are the pictures over which the skinuning tool has conceptually moved, which
makes one of them a more acooptable chelcn as & tomporary substitute picture for the current
picture at the sccond current location of the skinuning tool than the picture at the first locution of
the tool or a picture boyond the second location of the tool, However, as described above by
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reforence to the encoding exampls 440 of Figure 4, some cmbodimants do allow sclection of
intra~-encoded picture that is bevond the scoond current location of the tool in some situgtions
when the movement of the tool spans multipls encoding GOPs.

Adso, as described above by reforence to Figures 3 and 4, the pictere generator of some
smbodiments identifies @ pioture that s “fastest™ 1o decode based on ity numtber of divect and
indireet reference pictures, Other embodiments, however, use different rechniques @ select the
casiost nearby video picture to present or the fastest noarby video picture fo decede. For instance,
inather crrbodiments, the picture generator computes a metric score that estimates the decoding
time for cach video picture based on the size of the particalar picture, the stz of the reference
pictures, and the number of refevence pictures of the particudar picture. Based on the compuied
metrie scores, the pcture generator selocts the nearby viden picture to decode and present the
proview display for a particular location of the skimming tool that does not have g decoded video
plotare,

Several move detatled orbodiments of the invention are deserbed in the sections below,
Section 1 further describes the preview gensrator of the media-editing application. Section 1
follows with a deseniption of a process that the proview geverator performs i some
erabodiments to identify and prosent a wew pleture each time the plavhead moves to a new
location, Next, Section I deseribes the medis-editing application of some embodiments i1 more
detail. Section IV then desertbes the archiiecture of the medis-editing apphoation of some
embodiments. Section V' follows with a description of other applications that can utihize some
erabodiments of the invention. Fually, Scction VI deseribes an eloctronic system that
implements soms covbodiments of the invention.

L PREVIEW GENERATOR
Figuve 8 concepiually illustrates a proview gonerator 300 of a media~editing application

of some wmbodiments. Whenever a plavhead scrolls across one or more video olips of a

composite presentation that w defined v a timeling, the preview genctator quickly pencratos
successive preview displays of the video pictures that are at or near the location of the playhead,

in order to provide fecedback regarding the content of the composite prescotation at different
Ipcations of the playhead. When the playhead moves to a location on a video clip won that &
assoctated with a video picture that the device has decoded and stored, the pictrs pencrator
presents the decoded version of the video picture. However, when the playvhead moves © &
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particular location that is associated with & paicular video picture for which the deviee does not
have a stored, decoded version, the plctwrs gencrator identifics a nearby video picture that is

sasior to decode than the particular video picture and the other aearby video pictures, After the

plavhead has stayed at the particular location for # duration of time, the ploture Zencralor in soms

smbodiments: decodes the particular video micture and presents this decoded picture in its
preview display,

As shown in Figure §, the proview penerator 300 includes a playhead processor 544, a
prcture identifier 513, and a decoder 525, The picture identifier 313 and the decoder 323 together
form a picture generator 510 of the preview generator. The picture generator identifies andfor
decodes g video picture cach time that the playvhead processor 540 notifies the picture genorstor
that the playhead w at a vew location. Specifically, through the wterface module 303, the
playvhead processor 340 receives nput that spectfies an intoraction with the playhesd. To some
crabodiments, the interface may be o user intorface that relays 8 user input {2.g., 8 cursortouch-
seveen selection, movement, or drag operation), or another module’s torface that relays wput,
agsociated with the plavhead,

The playbead processor analyzes such inpat. When this processor 340 deternunes that an
input specifies a now location for the playhead in the timeline, It calls the pleture identifier 313
of the picture generator 5180 1 order fo Infhiate & pichure generation process that, for the now
location of the playhead, geversies a new picture for the preview display. This processor also
inttiates a tmer cach time that 1t calls the picture wdentifier 1o generate 8 new video picture for
the proview display. This timer expires cach time that the playhead stays at o location for a
particular period of time becawse, during this period, the playhead processor does not detect a
aew movenient of the plavhead and thereby does pot re-initialize the timer. Upoyn the expiration
of the timaer, the playhesd processor directs the picture gencrator 510 io decode the video picture
associated with the current location of the playhead, if the picture generator did not display thig
video picture when it was called last,

0 some embodimoents, the picture dentifior 3135 performx the provess 200 that was
duseribed above by reforence to Figare 2, with the exception of the decoding operation 230 of
this process, which 15 performed by the decoder 323, Specifivally, cach time that the playvhead

provessor notifies the picturs dentifior of & now location for the plavhead, the picture identificr
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porforms v series of operations to identify a video pmcture for displaying in the proview display
arca.

For cxample, for a now location of the playhead, the picture identificr 318 may detornimne
that a current ploture associated with the current lecation s currently storad in s decoded format
in the storage 335 of the application. In some embodiments, the storage 535 is memory space
allocated for the media application i a deviee's voelatile memory (2g., RAM) andfor its non-
volatile memory {e.g., disk, flash memory, et In some embodiments, the storage 5§35 has a
portion that stores deceded version of the video pictures that the preview penerator 500 has
decoded in providing a proview of the video. The amount of memory allocated to the cache
storage for storing the decoded video pictures is often finite, which In some embodiments
reguires purging of decoded pictures from the allocsted memory whenever the application usage

b=

of this momory reaches its Hmits, When the picture identifior 515 determines that the corrent

picture i decoded and stored 1o the cache storage, the picture ideatifier 515 stores the cuvent

picture to the fravne buffer 53435, from which i cay be retneved and displayed i the preoview
display area of the medis~-editing application.

Alfernatively, for a new location of the playbead, the pictore wWoentifier 315 may
determing that a corrent picture assoctated with the aurrent location s not curvently stored 1 2
decoded format in the cache storage. In this siteation, the picture wdentifier has to identify &
group of nearby video pictures that are associated with the current pileture. It then has fo
determine whether this group has a decoded picture in the cache storage. I so, i retrieves this
decoded picture and stores it in the frame buffer 343 for display. Otherwise, it hay to wentify a
pieture 1 the group that 1s fastost to decode, retricve the encoded preture from the storage 533,
direct the decoder 525 to decode this preture, and then store the resalting decoding framu in the
frame buffor 545 for display.

The decoder 323 in some embodiments is 2 typical video decoder that is used to decode
an oneaded videe picture. Figare 6 tustrates un cxample of the decodor 525, Ax shown in
Figure 6, the decoder 523 moludes an iverse quantizer unit 608, an mverse diserete cosine
transtorm (1DCT)Y wnit 610, and & motion-compensation, intra~-prediction anit 615, The nverse
quantizer unil S5 recorves an cnvoded picture and porforms a quantization inversion on the
encoded picture. The nverse DOT wntt 610 performs DOT inversion on the pioturs. The vait 613

uses content of anothor ptoture(s) (Le., reforence picture(s) and temporal prediction information)
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or content within the same picture to compensate the output of the inverse DCT unit 610 in order
to reconstruct and devode the picture. In some embodiments, the operation of motion
compensation for a pioture requires decoding of one or more other reference pictures,

The oporation of the proview generator 300 will now be described by reforence to Figare
7. This figure prosents the stute dingram 700 that represcuts vartous operations of the préview
generator 300 in some cmbodiments. One of ovdinary skill in the art will recognize that the state
diagram does not describe all states of the preview generator, but mstead speaifically portaing to
1ts opervations during skining of the compaosite prascitation.

As shown in Figure 7, an inttial state of the preview generator is a start state 702, The
preview gencrator enters this state differently in different embodiments of the invention. In some
eranbodimoents, 1t enters this state when & playhead is selected (e, through a cusor or touch-
screen selection operation) i the tmeline, In these or other embodiments, the proview gencrator
can coter the start state without the playhead being selected by a user. For tustance, as further
described below by reference to Figare 11, the media~editing application of some erobodiments
detoets when a cursor or touch-sereen contact has entered the timeline, dyvamically produces s
skivoming playbead at the location of the cursorfcontact, and moves the playhead with the
movernent of the cursor/contact. In some of these embodiments, the preview generator entevs the
start state cach time that the media application detects that the cursor or touch-sercen contact bas
just entered the timeline.

From the start state 702, the proview generator immediately transibions to the wait state
T03 in some casex, or o the sclect-picture state 710 w other cases. For instance, when the

-
S

proview generator enters s stat state 702 upon selection of # playhead, the proviow generator of
some ambodiments transitions to the wail state 703 1o wait for a detected movament of the
playvhead. Altermatively, when the preview generator enters its start state 702 upon the cursor ov
touch-sereen contact ontering the timeline, the proview penorator of some cmbodiments
transitions to the select-picture state 710,

When the proview generator 3 in ils wail state 7035, s stays within this state antil ity
playhead provessor 340 defeets (13 a terminating event or (2) 8 movement of the playhead.
Different ovents can serve as  torminating ovents in different cmbodiments. I soms

smbodiments, the torminating event can includs the de-seloction of the playhead, the departure

3
(4]



wn

.,d
i

20

WO 2012/173724 PCT/US2012/037851

of the cursor or the touchscreen contact from the timehine, ote. Upon detecting 8 torminating

event, the proview gonerator transitions to ond state 733 1o terminate its operation.

When the proview gencrator detects a movament of the playhead while this pencrator is

in s wait 7035, the proview gonerator transitions to select-picture state 710, At state 710, the

proview gonerator selocts a picture for displaving using the process deseribed above by referenes

to Figures 1, 2, 3, snd 4. & more detailed elaboration of this process will be described below by
reference to Figures 8 and 9. In some embodiment, the picture identifier 5135 of the preview
generator performs the pichure selection aperation in the state 710,

After selecting (ut state 710) for display in the proview, the preview generator transitions
to either state 715 or 717 depending on whether the picture selected at 710 18 @ decoded pioture,
When the selected pictwre s not a decoded one (e, when the picture wlentifier identifies a
nearby picture that 18 not stored in @ decoded state), the pleture identifior 315 fransitions 1o stats
717, where it divects the decoder 525 to decode the selected picture. Uipon veceiving the decoded
preture from the decoder, the ploture identifier transitions o the display-pieture state 7135,

The pictare wdentifier also transtiions from state pictore-select 710 to the display-picture

%43

state 718 when i scloots ot 710 a picture that is decoded. At state 715, the picture wdentifier stores

[

the selocted, decoded picture in the frame boffer for display in the proview display area of the
medis-editing application. Afler storing the selected, decoded picture for display, the preview
gengrator transitions to the movement-detect state 720, The preview genevator stays af the

movement state so long as (1) the playbead processor has not detected any other playhead

movemant and {2} an idbog time period has not expired.

When the proview genorator receives additional movements of the playvboad while the

h=

generator 1 i the movement-detect state 720, the preview gonerator transitions o state 7H),

which was deseribed above., Alternatively, when the preview generator docs not reeeive any

movement of the plavhead for the duration of idling time period while it s 0 the movement-
detect state, the proview generator transttions o either state 705 or 723, Upon the oxpivation of
the wdling time poriod, the picture generator transitions to the wait state 708 when the last pieture
that was displayed {at 715} in the preview display area is a decoded version of the current pictare
assoctated with the current playhead location, The operation of the pictare generator during the
watl stute 705 was described ghove,

Alterpatively, upon the expuation of the idling time periad, the picture gencrator
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transitions from movement-detect state 720 to the decode state 725, when the last picture that
was displayed (at 713) in the proview display area was ong of the nearby pictores instead of the
current picture assoctated with the current plavhead location. In the decode state 725, the
plavhead procossor directs the pictiwe identifier o decode the current plcture, which in turn
causes the picture identifier to direct the decoder o porform this decode operation. After
recinving the decoded current mcture, the picture idemtifior transitions o state 730, where #
stores the selected, decoded picture in the frame butfer for display in the preview display area of
the media-cditing application. After storing the selected, decoded picture for display, the proview
generator transitions to the wait state 705, which was described above,
i, PICTURE SELECTION PROQCESS

Figure & conceptustly lustrates a process 800 that the apphication’s picture gonerator

performs i some embodimonts o sclect and display ¢ video picture aficr movement of the

plavhead from a first location to a second location i the timeling. Some embodiments perform

this process upon recoiving votification of the movement of the playhead between the first and
second locations (at 710 of Figure 7). The process 800 is identical to the process 200 of Figure
2 except that the process ROO explains the step of selecting a pioture that is easiest 1o decode {step
230 of Figare 2} m more detafl. Furthermore, the process 800 will be described by reforence to
Figure 9, which provides an example of performing several different steps of the process 800 by
the picture generator of some embodiments. Specifically, Figure 9 llustrates an example of the
picture selection process in forms of four different stages: 908, 910, 915, and 920. As shown in
Figure 9, the video track 130 includes three video clip icons representing three video olips 168,
178, and 175, The series of video pictures below the video track 130 represent the video pictures
that are associated with differont locations of the chip fcons. In addition, Figure 9 also shows the
cache storage 833 for storing decoded pictures that have been decoded by the proview geserator
when the preview genorator provides a proview of the video.

In the first stage 903 of Figare 9, the playhead 135 is idle {10, not moving) at & location
of the second video clip 170, Thix location corresponds to Picturs 3 of the second video clip 170,
For this location, the media~editing proview gonerator decodes and displays Pichue 5 as the
selection tool 135 has been at this idle location for a sufficiently long duration of time. In this
example, Picture 5 s a B-picture that direetly reforences Pieture 4 and Picturs 6 (Lo, devoding of
Pictarz 5 is dependent on decoding of Pictures 4 and 63, Thas, in order for the preview gencrator

2
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to docode snd display Picture 3, the proviow genorator alse decodes Pictures 4 and 6, In some
cribodiments, after the proview generator docodos the picturss for presenting i a proview
display arcy, the proview generator stores the decoded pictures in @ storage {o.g., cache storage
335 for subﬁcqmnt use, As shown in this frst stage 2035, after docoding Pictures 4, 8, and 6, the
application’s preview generator stores the decoded versions of Pictures 4, §, and 6 in the cache
storage 535,

In the second stage 910, the user has started skireming through content of the videe clip
170 by moving the playhead 135 forward {(c.g. through a click-and-dvag operation, through a
touch streen contact and wmovement, et} In this stage, the sohd line %45 indicates the curvent
location of the plavhead 943, The dotled line 935 indicates the playhesd’s previous location, The

solid arvow 925 fndicates the movement of the playhead from location 933 to location 943, The
dotted arrow 930 indicates the pluvhead’s continuing movement to the right on the video track
130, As shown in the sccond stage 910, the plavhesd 133 has moved from the previous focation
935 over the second video olip 170 to the corront location 43 over the second video clip 170

The picture generator of some embodiments begins executing the process 800 of Figure
8§ at the stage 910, as the picture generator receives movement of the playhead 135 from location
933 1o location 943, Referring back to Figure §, the process 800 begins by identifying (at 8051 »
carrent video pichure that corresponds to the curvent location of the playhead on the video clip
icon. Referving to Figure 9, the pictare generstor identifies Picture 9 as the current picture that
corresponds to the curvent location 9435 of the playhead 133 in the second stage 910

Referring back to Figure §, the process then determines {at 818) whether the identified
current picture has been decoded and stored in cache storage of the applicstion. In some

nbodiments, the cache storsge is momery space allocated for the application in the device's
volatite memory {e.g, RAM} and/or its non~veolatile memory {o.g.. disk, flash memory, otc.). The
anount of allocated memory s often finite, which in some cmbodiments roquires purging of
decoded pictures from the alocated memory whenever the application ussge of this memory
resches its limits,

When the process determines {at 810) that the carvent picture 18 decoded and stored in the
cache, the process selvets (at 813) the wentificd current picture. The provess thon displays (at
835} the selected picture. On the other hand, when the procoss detormines {at 810} that the
current picturs is not currently stored in the cache in o decoded manner, the process determines
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{ut 820} whether there are sny decoded pictures in & group of noarby picturss associated with the
current picture. When the process determines (at 820) that there s one or more cached decoded
video pictures within the group of nearby pictures, the process selects {at 82357 a decoded picture

that s located closest to the cwrrent picture in the group of pictures sssociated with the current

picture, The process thon displays (st 833) the selocted cached und decoded picture.

Referring to the second stage 910 of Figare 9, since the current picture, Picture 9, s not
currently stored in the cache in a decoded mamer, the picture gencrator dentifies a group of
nearby pictures for this playhead location 945 and detornunes whether there are any decoded
pictares 1o the group of nearby pictures. For this playhead location 945, the picture generator
weniithies a gronp of nearby pictures that include pictures between Picture 5 (Lo, the picturs
assoctated with location 935 of the playhead) and Picture 9 (Lo, the curvent picture assoctatod

with the location 945 of the playhead). As shown in this second stage, the group of nearby

pictares inchudes Pictare 6 1o Pictee 9. Among the pictures 1 the group, the pictm‘e gema‘atmf

determines that only Picture & has been previously decoded and stored {during the first stage
903} i the cache stovage 535 while Pictares 7 through 9 bave not beon decoded and stored in the
stovage. Accordingty, when the plavhead reaches the location 943 that corresponds to Picture 9
i this stage, the picture gonerator selocts Picture 6 {as indicated by the thuckened border) as the

proture that s closest to the corrent picture and that 13 stored 1w a decoded state in the cache
storage S33. Thas, the pictare geperator retrieves decoded Picture 6 from the cache storage 333
and displays Picture 6 1o the preview display area.

Ruoferring back to Figure 8, when the process detormines {at 8207 that there 18 no decoded
video picture within the group, the process determines (at 830} whether thore is any intra-picture
in the group of nearby pictures. When the process detenmings (at X30) that thore s one or more
intra-pictures within the group of nearby piotures, the process seleets {at &35} an ntra-picture
thut i3 located closest to the current picture in the group of pictures ssociated with the curvent
picture, The process then displays (ut 835) the selected intra-picture,

Referring to the third stage 9135 of Figure 9, the playhead 133 15 shown to have moved
further to the right {e.g., through a click-and-drag operation, through a touch screen contact and
movement, ete. ) 10 the stage 913, the solid line 93¢ indicates the current location of the playhead
135, The dotted line 943 indivates the playhead’s previous location. The sohid arrow 940
indivates the movement of the playhead from location 943 to location 950, The dotted arrow 255
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indicates the playvhead’s continuing movement to the right on the video track 130, As shown in
the sccond stage 910, the playhead 133 has moved from the previous location 9435 over the
secend video clip 170 to the current location 930 over the seeoud video olip 170, The stage 913
further Hustrates that the current location 930 corrosponds to Picture 13 of the second clip 170,
which 18 now the current picture.

Given that the gurrent Pigtare 13 i not stored in 8 decoded state in the cache stovage 533,
ihe picture gencrator needs to select & pictare from a group of nearby pictures. In this example,
the pieture generator of the media-editing application identifies the nowrby group of piotures as
the group of pictures that inclondes pictares between Picture 9 (1o the picture associated with the
previous location 945 of the plavhead) and Pricture 13 (e, the current picture associsted with the
current location 950 of the plavhead). Accordingly, the group of wearby pictuves includes
Pictures 10 to 13, Since none of the picturces in the group of noarby pictures is stored in the cache
storage 3335 m a decoded state, the picture generator of sore embodiments determines whether
thore exists at foast one wtra-picture within the group of nearby pictures, I there s at foast one
infra~-picture within the group of nearby pictures, the picture generator selects the intra-picture
that s located closest to the urrent pictore and displays the intra-picture. As shown o thog
figure, Prctwres 10 and 12 are Lpictures that do not reference any other pictures (Le., have zoro
reforeonce frames) while Pietures 11 and 13 divectly or indivectly reference at least one other
picture. When there v more than one video pichere 1 the group having the smallest mumber of
reference pictures, the piclure generator of some embodiments selects one that 1s closest to the
current picture. Accordingly, the picture generator decodes and displays Picture 12 {as indicated
by the thickened border) in the proview display area as Picture 12 s the inlia-picture that s
closest to Picture 13 i the group of pictures associated with Pleture 13

Referring back to Figare 8, whon the process determines (at 830) that there 18 no intra-
picture in the group, the process identifies (at 840} for each video picture in the group, the closest
proveding intra~picture in the decode order from which a decoder can stan decoding in order o
decode the video picture. For cach video picture in the group, the process counts {at 843) from
the video pieture to the identified intra-picture in the decode order, the number of reference
pictures that are dirsety or indivectly referenced by the video picture. Next, the process seleots
and decodes (at 830 the video picture that {1} has the smallest number of counted referonce

pictures and {2) that is closest to the current picture, The process then displays {at ¥55) the
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o

sclocted picture, After 853, the process ends,

Referring to the fourth stage 920 of Figure 9, the plavhead 135 has moved further to the
right {¢.2., through a click-and-drag operution, through a touch soreon contact and movement,
ete.} from the previous location 930 over the video olip 170 to the current location 960, It further
iltustrates that the current location 960 corresponds W Picture 17 of the second olip 170, which is
now the current picture. As shown in the founth stage 920, (1) Picture 12 5 an I-picture that does
not reforence sny other pictares, () Pictures 13 and 14 wre Bepictures that each references
Pictures 12 and 15, (3) Picture 15 is a P-picture that references Picture 12, (4) Pictures 16 and 17
are B-pictures that cach directly reforences Picture 15 and 1R, and (§) Picture 18 is a P-picture
that directly reforences Pioture 135, Plotures 16, 17, and I¥ can be viewod as inadivectly
referoncing Picture 12 through thetr direet reforence to Pieture 15, In other words, these thyee
pretures are indirectly dependent on the decoding of Pioture 12 through thoir direct dependones
on the decoding of Picture 15.

Given that the current Picture 17 15 not stored 1 a decoded state in the cache storage 338,
the picture generator peeds to select and decode a picture from a groop of nearby pictures. For
this plavhead location 960, the picture goperator identifies the group of nearby plotures as a
group of pichures that mchudes pictures between Pictore 13 (e, the picture assoclated with the
previous location 930 of the playhead 133) and Prctwre 17 (e, the picture associated with the
crrent focation 960 of the playhead 135} Accordingly, the group of picterey includes Pictores
14 to 17. Since none of the nearby pictares is stored in w decoded state in the cache or 18 an intra-
picture, the ploture generator needs to selset & pictere from the group that bas the smallest

number of reference frames, For this location 960 of the playbead, the pichwee generator

determines the number of reference piotures that are dwveetly or yndirectly reforenced by cuch
acarby picture i the group. Different embodiments provide different methods to compute the
pumber of roforence pictures for a video picture. In some cmbodiments, the picture gonerator
porfonms operations 840 through 843 of the process 00 to determing the number of referonce
pictures for each video pictare. Specifically, the picture genorator fivst identifics a closest wira-
pichwre in a decode order from which a decoder can start decoding in order to decode the
particular picture (Lo, the farthest intra~picture in the decode order that is divectly or indirectly
referenced by the particular picture), The picture pensrator then counts from the particular
picture to the identified intra-picture in the decode order, the number of refercnce pictures tha
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are directly or mdirectly referenced by the particular picture.

The fourth stage 920 of this figure shows the decode order of Pictures 12 1o I8, I thig
decode order, the BFPicture 12 compes first ax Proture 12 15 an mtra-picture that docs not reforence
any other picture and 13 prior © the other pictures in the display order. Next i the ordoer 18
Picture 15, which oven though ix aficr Pictures 13 and 14 in the display order, is necded for the
decoding of Plotures 13 and 14 {gs well ay several other pictures). Pioture 135 is followed by
Pictures 13 and 14 which arc B-pictores that divectly reforence both Pictores 12 and 15, and are
betore Pictares 16, 17, and ¥ in the display order. Pictures 13 and 14 are followed by Picture 1%,
which even though is after Pictures 16 and 17 in the display order, is needed for the decoding of
Pictures 16 and 17, Picture 18 also indirectly reftrences (e, indirectly depends on the decoding
of} Picture 12 throogh its divect reference to Picture 15, Picture 18 is followed by Pictures 16 and
17, which dircetly reforence Pictures 15 and 18, and indirectly reference Picture 12,

In this exarople, the closest preceding intra-pictre in the decode order from which a
decoder can start decoding in order 1o decode Pictare 17 i Pictare 12, Therefore, from Picture 17

to Picture 12 1m0 the decode order, the picture generator counts the number of pictares that are

by

37
§

divectly or indivectly reforenced by Picture 17, Pictures 12, 135, and 18 are divectly or indirectly
referenced by Pleture 17, Thus, the picture generator determines that Pretwre 17 has a count of
three reference pehwres. In other words, & decoder 1s required fo decode three other protures in
order to decode Pictare 15, As previously mentioned, in counting the namber of roference
pictures that are divectly or indirectly reforred to by a particalar picture, the picture gencrator of
some smbodiments does not count any reference picture that it hay provioasly counted in a direct
or indirect reference of the particelar preture. Thus, for Picture 17, the picture gensrstor counts
Pichwre 15 only once, even though Picture 17 directly reforences Pleture 15 and indivectly
reforences it throngh Picture 1K

Using the same method, the pichwre generator detormines that Picture 16 has a count of
three referency pictures, Pioture 15 has a count of only one reforence pieture, and Proture 14 has
a count of two reference pictures. Therefors, the prcture generator selects Picture 135 {as indicated
by the thickened border) for display i, the proview display arca as Picture 13 hay the smatllest

number of counted reforonce pictures within the group.
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i MEDIA-EDITING APPLICATION: USER INTERFACE

Figure 10 iHlustrates a graphics! user intorface (GUD) 1000 of a media-editing application
of some cmbodiments, This application uses the above-described proview gencrator of some
erabodiments to quickly generate proview displays as a plavhosd scrolls arress a composite
presentation i the timehine, The GUT 1000 mncludes a clip lbrary 1003, a clip browser 1010, a
timchive (alst known as the composite display area) 1013, a proview display arca 1020, an
inspector display arca 1025, an additional moedia display area 1030, a toolbwr 1035, and o first
playhead 1070,

The clip library 1005 includes u set of folders through which a user accesses media clips
that have been imperted into the media~cditing application. Some embodiments organze the
media clips secording to the deviee (o, physical storage device such as an internal or external
hard doive, virtual stomge dovice such as a hard drive partition, ote) on which the media
represented by the clips are stored. Some ombodimonts also enable the user to organdze the
modia chips based on the date the media represented by the ¢lips was ereated (e.g., recorded by«
camera). As shown, the clip brary 1003 fncludes wedia clips from both 2009 and 2011

Within a storage device andfor date, users or the apphoation may group the media olips
into “events”, or organized folders of media clips. For instance, a user might give the events
deseriptive names that indicate what media s stored in the eveat {e.g., the "New Event 2-5-117
event shown in elip Dbrary 1003 might be renamed "Ewopean Vacation™ as a deseriptor of the
content). In some embodiments, the media files corresponding to these clips ave stoved in a file
storage structure that wmirrors the folders shown 1o the olip libravy.

Within the clip library, some embodiments enable a user to perform variows clip
management actions. These clip management actions may include moving clips between events,
croating pew  ovents, morging two events together, duplicating ovents (which, in some
entbodiments, crestes a duplicate copy of the media to which the clips i the avent correspond i,
deloting ovents, efe. In addition, some cmbodiments allow a user to creste sub-folders of an
event. These sub-folders may include media chips filtered based on tags {e.g. keyword tagsh For
instance, m the "New EBvent 2-5-117 event, all media clips showing childrens might be tagged by
the user with a “kads™ heyword, snd then these particular media olips could be displayed in a sab-
folder of the ovent that filters clips in this cvent to only display media clips tagged with the

“kids™ keyword,

e
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The clip browser 1010 gllows the user to view clips from a selected folder (g, @i ovent,
a sub-folder, vic.) of the chip library 1003, As shown in this example, the folder “Now Event 2-5-
T isoselected i the olip library 1003, and the olips belonging to that folder are displaved in the
clip browser 1010, Some embodiments display the clips as thumbnsil filmstrips, as shown in thig
sxample. When a user moves a playhead (not shown) {by meving & cursor or a contact {¢.4.,
fingery on a touchscreen) over one of the Nbmstrips {ep, with @ mouse, a touchpad, 4
touchscreen, ote. ), the user can skim through the ¢lip. That is, when the user places the playhead
at g particolar location within the thumbnail filmstrip, the medig-editing application associates
that focation with a time i the associated media file, and displays the tmage from the media file
for that time m the preview display asrea 10200 The modia-cditing apphicgtion of some
erbodiments performs the pictwre selection operation using a previow generator as deseribed
above by referonce to Figures 2 and 8 when the user s skimming through a clip, In addition, the
psor can cormmand the application to play back the media o in the thwaeboall fHilmistrip.
Skimming through a clip displaved in a chp browser of some embodiments will be descnbed m
detail further below by reference to Figare 12,

In addition, the thumbnails for the chps i the browser display an audio waveform
anderneath the clip that represents the audio of the media file. In some embodiments, as a nser
skims through or plays back the thumboail Rlmastrip, the audio plays as wolll There are several
types of clips. An andio aad video clip ix 4 clip that contains both audio and video content. An
audie clip is a chp that contans enly andio contont, & video chip is a clip that contains ondy video
content.

Many of the feutures of the olip browser are user-modifiable. For instance, i Some
erabodiments, the wser can modify one or mwore of the thumbnail size, the percentage of the
thumbnail occupied by the audio waveform, whether sudio plays back when the wuser skims
through the media files, cte. In addition, some onbodiments cnable the user to view the clips in
the clip browser in a lst viow, In this view, the clips are prosented as a Hist (g, with olipy name,
duaration, £ic.). Some cmbodiments also display & selected clip from the list w a Hilmsirip view at
the top of the browser so that the user can skim through or playback the selected clip.

The timeline 1015 provides a visual representation of a composite prosentation {or
projoct’ boing orcated by the user of the media-editing application. Specifically, it disphiys one
or more geometric shapes that represent one or more media olips that are part of the composite
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prosentation. The timeline 1013 of some embodiments includes 8 primary lane (also culled a
“spine”, Uprimary compositing lane™, or “contral compositing lane™) sx well as ong or more
secendary lanes (also called “snchor fanes™) above andior below the primary lune. The spine
represents # primary sequence of medis, which, in some embodinients, docs not have any gaps.
The chips in the anchor fancs are snchored to a particolar position along the spine {or alonyg a
different anchor lanc). Anchor lancs may be used for compositing (0.2, ramoving povtions of ong
video and showing a different video i those portions), B-roll cuts (Lo, cutting away from the
primary video to a ditforent video whose clip 8w the anchor lanc), audio chips, or other
composite presentation technigues.

Chps placed in the anchor lanes are reforred to a3 “anchored chips” As gn example,
Figure 18 shows a medwe clip 1075 that is anchored off of another medin clip 1080 in the
tmeling 1013, In some of these embodiments, media clips can be placed in these anchor lancs to
anchor off of media clips 1 the contral compositing lane 1050, Tastead of| or in conjunction with,
having several fovels of modia clips that anchor off the contral compositing lane 1058, some
erbodunents allow media clips to bo placed 1 these anchor lanes and to be anchored off of
other anchored media clips placed w these sanchor lanes. To help the user distinguish the central
compositing lane HSO and the anchored lanes i the tmebine 1015, some cmbodiments use
differcnt tones for these lanes, For instance, the timeling 10135 uses a davker tone for thie central
compositing lane 1050 than the tone for the anchored lanes 1035, 1068, and 1065,

As shown, the imeline 1015 can place difforent types of media clips in the same lane {a
central compositing lane or an anchored lane). Alse, the timeline HIIS can place different typey
of media clips in the anchor lanes abuve and below the central compositing lane. o other words,
the timeline 1013 can place a media clip of any type (v, audio clip, video clip, andio and video
clip, ote.) In any lene of the timeline 1015,

Also, when thore are multiple anchored clipy at a position along the timeline 1015, the
media content of an anchored clip in an upper anchor lane takes the priovity over the media
content of & media chip i a lower lane In some embodiments, For instance, the video content of

the media clip in the uppermost anchor lane will be the content of the presentation for the perind

time along the timoling that the media olip spans,

As with the clips in the clip browser, the user can skim through the timeline or play back

the timehine (cither a portion of the timeline or the entire timehine) by moving the playhead 1070

’,1;
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across a video olip icon (2., the video olip icon 1080), Although nat shown m Figure 14, the
GUT also mcludes & second plavhead that can be used to skim through the composite
presentation that s in the timeline, As further deseribed bolow, the application dynamically
displays this second plavhead whenover the application deteets that the cursor or touch sereen
corttadt is over the timehing, and moves this plavhoad as the cursor or touch-screen Contact is
moved goross the timeline, lu somie embodiments, as @ playhead moves across a timelive over a
video clip, the preview gonerator performs the pieture selection operation as described above by
reference to Figures 2 and 8 and provides a preview display of the video content,

The preview display arca 1020 {also reforred to as 8 “viewar™) displays unages from
media files that the user s skamming through, plaving back, or editing. These fmages may be
from 8 compostie presentation in the thmehve 1015 or from & media clip in the clip browser
1010, In this example, the user has been skimming through the beginning of clip 1040, and
therefore an fraage from the start of this medis file ¢ displayed i the proview display avea 1020,
As showr, some embodiments will display the images as large as possible within the display arca
while maintaining the aspect ratio of the mmage.

The mspector display area 1023 displays detmled propertios about a selected ttem and
alfows @ wser to modify some or all of these properties. The selected Hom might be a clip, o
composie preseatation, an offect, cte. In this case, the clip that 18 shown 1 the preview display
arca 1020 is also selected, and thus the spector displayys information about media chp 1040
This information includes duration, fide format, file location, frame rate, date created, sudio
information, cte. aboat the selected media clip. In some embodiments, different information ix
displayed depending on the type of ttem selooted,

The additional media display arca 1030 displays various types of additional media, such
as video effects, transitions, still images, titles, audio offects, standard audie clips, ot In some
embodiments, the sct of effects is reprosented by a set of selectable U items, cach selectable U
itom reprosenting @ partnicular effedt. In some embodiments, cach selectable UT itom alsd includes
a thumbnal image with the paricular offect apphied. The display arca 1030 35 corrently
displaving a sot of effects for the user to apply to a clip. o this example, ondy two effodds are
shown in the display area {the koyver effvct and the lumas kever effect, because the user has typed

the word “keyer™ into a ssarch box for the offects display arcs).
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The toolbar 1035 mcludes various sclectable items for editing, modifying what is
displayed in one or more display sreas, gte. The right side of the toolbar mcludes various
solgctable oy for modifying what type of media iy displayed in the additonal moedia display

‘.

arca 1030, The iHustrated toolbar 1035 includes ttems for video offects, visual transitions

between media olips, photos, titles, penerators and backgrounds, ete. In addition, the toolbar

1035 mnchudes sn inspector selectable e that causes the display of the inspector display are:
1025 as well as rtoms for applying a retinung operation to a portion of the timeline, adjusting
colar, trimming, anchoring, creating position clips, and other functions.

The left side of the toolbar 1035 includes selectable ems for media managemont and
editing. Selectable items ave provided for adding chips from the clip browser 1010 to the timeline
1015, In some embodiments, different sclectable ftoms may be wsed to add ¢ clip to the ond of
the spine, add a clip at o selected point i the spine {¢.g., at the location of ¢ playhead), sdd an
anchored clip st the selected point, porform vanious trimn operations on the media clips i the
timetine, ete, The wedia management tools of some cmbadiments altow a aser to mark selected
clips as favordes, among other options,

One of ordinary skill in the art will also recognize that the set of display arcas shown in
the GUI 1000 is one of many possible confligurations for the GUI of some embodiments. For
instance, 1 some embodiments, the presence or absence of many of the display areas can be
toggled through the GUI {o.g., the inspector display area 1023, additional mwedia display arca
1930, and chip bbvary 1003), In addi.{i(m,, some embodiments allow the user to modify the size of
the varions display areas within the UL For instavce, when the display area 1030 18 removed, the
tmedine 1015 cant inorcase in size to include that arca. Similarly, the preview display arca 1020
increases By size when the mspoector display arca 1023 1s ramoved. Morcover, ane of ordinary
skillin the art will recognize that the graphical user interface 1000 1s only one of many possible
OUTs for such a media-editing application.

Addittonal  festires wnd  functionulitioy of 2 medis-cditing  application of some
cmbodiments arg desertbed further m United States Patent Application 137351173, catitled
“Media-Editing Application with Anchored Timeline”™ filed June 1, 2011, The United Stateg
Patent Application 1371531178 s incorporated hersin by reforance.

Figure 11 illustratos a proview-goneration function of the media-cditing application of

Figure 16 In Figure 11, a simplificd version of the GUH 1000 s shown in order not to obscurs

3
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the description of this figure with nnnecessary detail, The GUE 100 of the media-editing
application of Figmre 11 has two skinuming tools (2.2, plavheads) that can cach initiate a
proview generation function whenever they move,

As shown, the GUT 100 includes & timeline 1148 and a viewer 1120, The timeline 1143
and the viewer 1120 are similar to the tmetine 1015 and the viewer 1020 deseribed above by
reference to Figure 10 The timeline 1145 of some embodiments provides two plavheads, «
skinmming playhead 1130 and a primary playhead 11250 In some embodiments, the skimmming
playhead 1130 15 a playhead that matches a selected posttion in the timeline 1145 {the sclection
is made by, c.g., placing a cursor i the timeline or touching the area of the timeline on a touch
screen display). That is, the medig-editing application of some embodiments detects a cursor or
touch-screen coutact ontering the timehine, dynamically produces a skimming playvhead (e,
makes the skimming playhead appear) at the location of the cursor/contact, and moves the
skinuning plavhead with the movement of the cursorfcontact. The media-oditing spphoation
removes the skimming plavhead (e, makes the skimming playhead disappear) from the
timehoe when the application detects @ cursor or touch-screen contact has departed the timeline,
On the contrary, the primary playhead 35 & a static {ay opposed o dynamically
producediremoved) plavhead that scrolls across the timeline 1143 during playback or can be
selected and moved across the timehine by the user of the media-editing apphication. The primary
playhead specifies a current editing position in the timeline 1143, while the skimming playhead
specifies a skimming position i the timeline 1145,

When the media-cditing application produces the skimming plavhead in the timeline, the
skimming plavhoad becomes the editing position i some embodiments, singe it is the point of
focus. It will overnide the prinary plavhead 1125 when # is prosent i the timeling 11450 Whon
the media-editing application romoves the skimming playhead from the timehine {e.g., whan the
user has moved the cursor outside of the timeline 1145 to another portion of the GUI 1100,
touched another portion of the GUITI00 on & touch screen display, selucted the priowiry
plavhead, ot} the pomary plavhead 1125 becomes the awrrent editing position. The primary
playhead 125 allows the wser to feave the timeline withoul losing the video pioture of interest.
Alse, tn some embodiments, difforent colors are used to roprosent the difforent playheads, For
instance, a red color is used for the skimming plavhead 1130 and a grav color s used for the
primary plavhead 1125 in some such embodinents,
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Figure 11 ilustrates four operational stages of the GUI 1100 that show cxamples of how
the media-cditing application performs the picture sclection operation of the invention o select

the pictyre to display i the proview display arca with respect to the movement of cither of us
two playvheads. The first stage 1108 illustrates a stating position of the primary playhead 1123 in
the timeline 1143 at which thus plavhead interscets with the medws clip 1135, In some
crbadiments, cuch point along the length of u media olip reproscits & video picture of the media
clip, As shown, the media~-cditing application displays in the viewer 1120 a picture of the moedia
clip 1135 represented by a point along the timeline 1145 at which the primary playhead 112518
positioned currently.

In the sccond stage 1110, the skimming playhesd 1130 appoars when the skimming
plavhond 1130w selected o.g., by moving a cursor T3 T into the timeline 1145, touching within
the timeling on a touchscrcem). The skimming plavhead 1130 is placed at a position of the
timeline 1145 such that the playhead intersects with the video clip jcon 11400 As shown, the
modia-editing appheation displays 1 the viewer 120 a picture of the video ¢lip 1140
reprosented by a pomt slong the fimehine 1145 at which the skimmung playvhead 1130 &
positioned corrently in sowe embodiments,

The third stage 1115 lustrates the GUT 1100 after the user bas moved the skimming
playhead 1138 forward on the video clip wcon 1140 {e.g.. by moving or dragging a cursor,
moving the playhead on a touch sereen, ete.), as indicated by the arrose 1163, A shown, the
modia~ediiing application displays « ditferent picture of the video clip 1140, The media-cditing
application performs the pichwre selection operation using a proview generator ay described
above by reforence to Figures 2 and 8 to select a piohwre from the video chip 1140 for display in

the preview display arca. For instance, the application sclects a picture from a set of pictores

botwoen the position of the skimming playbead 1130 in the second stage 1110 and the position of

the skimming playhead 1130 i the thind stage 1113 ax the shimming plavhead 1130 s being
moved forward,

The fourth stage 1120 shows the GUIT 1100 after the user has desclected the skimmung
playhead and moved the primary playhead forward on the video clip icon 1133, as indicated by
the arrow 11700 As shown, the media-editing application displays a different picturs frons the
video clip 1135, The media-cditing application porforms the pictwre seloction operation using a
proview generater (e.¢., as described above by reference to Figures 2 and B} to sclect the picturs

39



wn

.,d
i

20

WO 2012/173724 PCT/US2012/037851

that s displayved in the previsw dispday arca. For instance, the gpplication selects a picture fron a
sot of pictures between the position of the primary plavhead 1125 in the third stage 1115 and the
position of the primary playhesd 1125 1w the fourth stage 1120 as the privary plavhead 1125 s
being moved forward,

The cxamples above tlustrated the proview genorator of some embodiments that
performs the picture sclection operation when s user skims through & video olip icon. Figare 12
iHustrates that in some ambodiments, the apphication’s preview generator can also perform the
picture selection operation when a user skims through a video clip thumbnail that represents the
video clip in the media browser window of the medig-editing application. Specifically, this
figure iltustrates the GUT 1200 at three different stages 1205, 1210, and 1215 that show how the
skimming tool can be used to provide 8 proview of a video clip in the media browser of the
application it some embodiments.

As shown in Figure 12, the GUT 1200 inclodes a clip browser 1220 and & proview
display area 1225, The clip browser 1220 s similar to the chip browser 1010 of Figare 18 that

alfows the user to view clips from a selected folder {o.g., an event, a sub-folder, etc) of the clip
libravy. As shown, the chip browser 1220 includes a thumbnail that represents & video clip. Some
erubodiments provide the asor a skunnung tool on the thembaail 1230 for skimming throogh the
video chip. I some embodiments, the preview display avea 1225 displays a pictare of the video
clip based on a location along the thumbnal ot which the skivoming tool 1235 is positioned
currently. Thus, as the skimming tool 1235 moves from locations 1o locations on the thambnail,
the media-editing apphoation displays in the preview digplay area 1223 different pictures of the
video clip represented by the different locations of the skinuming tool 1235 on the thunbuail,
The operation of the GUT 1200 will now be described by referonce 1o the state of this
GUT during the three stages 1205, 1210, and 1213, The first stage 1203 Glustrates the GUT 1200
after the wser hay initiated the skimming ool 1233 on the thumbaail 12300 Difforent
cmbodiments allow the skinuning teal 12335 1o be inftisted o difforent manners. For instance, in
some eivbodiments, the medis~oditing application auwtomatically produces the skimming ool

123

LA

apon detecting the catrance of a carsor or a touch-sereon contact into the thumbnail. In
other embodiments, the medis-cditing application produces the skimming tool 1233 upon
detecting a click operation or ¥ touch-scroen contsct performed on the thumbnail, That s, the
media~editing apphication of these cmbodiments produces the skimming playhesd wpon receiving
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user’s request to produce it As shown, the skinuning ool 1235 15 at @ location of thumbnail
1230 that corvesponds to Picture A& of video clip 1230 (“the current picture™). In sonme
smbodiments, the proview generator displays a picture that is represented by the position of the
shiming ol 12335 on the thumbmail. As shown, the preview display arca 1228 displays Pictue
A,

The sceond stage 1210 displays the GUT 1200 afier the user has moved the skimming toal

pacy

1235 forward (i.c., o the night) on the thumbnail 1230, as indicated by the arrow 1243, In some
erbadiments, a user can select and move the skimming ool 1233 by manipulating & cursor (0.g.,
by moving or dragging a cursor)y while in other embodiments, the user can do the same with
touch based manipulation (o.g., moving the plavhesd on a fouch screen, ote). As shown, the
playhond 1233 has weoved fo a new location that corresponds to encoded Pcture € of video clip
1230 {“the corrent picture™), In some embodiments, the picture gencrstor porforms the picturs
sclection operation ss described sbove by reference to Figares 2 and § 1o select & picture for
displaying. As shown, the prcture generator has selected Picture B for display i the preview
display area 1225, Pichure B o thus example falls within the range of positions that the skinuning
plavhead has covered from stage 1205 o0 1210 and is alveady decoded and stored in the cache,
while Pichwre Chsnot.

In the third stage 1215, the skimming tool 1233 has stayved af the same location {Le,, the
aser has not moved the skimming tool forward or backward) on the thumbnail for a duration of
time. As shown, the skimming tool 12533 15 at the same location as in the second stage 1210,
which corresponds to encoded Pichwre T of video clip 1230 (Mthe current prohwre™). As described
above, when the shimming iool has stayed at 2 particular location for a cortain duration of time
{e.g, 30-60 millisceonds), the moture generator decodes the current picture {te., the video
picture of the videe clip dentified by the skineming tool on the thumbnail} and prescuts the
current picture i the preview display arca 1223 In some ombodiments. As shown, sinc the
skinuning ool 1235 has stayved at the same location for a sufficient duration of time, Picture €
{1.0., the current picture) 1s selected, decoded, and displayed mn the proview display wrea 1225
IV,  MEDIACEDITING APPLICATION: ARCHITECTURE

In some cmbodiments, the procosses describod above are implomented as software
running on # particulsr machine, such as a computer or @ handheld dovice, or stored n s machine

reacduble medinm. Figure 13 conceptually iHustrates the software architecture of a medis-editing
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application 1300 of some ambodiments. Some cxamples of such media-editing application
include IMovie® and Final Cut Pro®, both sold by Apple Inc® In some cmbodiments, the
niedia-editing apphication i a stand-alons application or ik integrated into another application,
while in other embodiments the application might be implomented within an operating syston,
Furthermorg, in seme embodiments, the application 18 provided as pwrt of a server-based
solution, In some such embodiments, the application s provided vig g thin client, That s, the
application runs on a servor while o user inferacts with the application via a separate machine
remote from the sevver, Tn other such ciabodiments, the application 18 provided via a thick client,
That is, the application is distributed from the server to the client machine dnd runs on the client
machineg,

As shown, the modia-cditing application 1300 includes an interface wteraction module
1305, a set of video oditing moduoles 1315, & media import module 1320, & proview generstor
1330, and a set of video encoding and decoding modudes 1335, The spplication alse includes a
cache storage 1370 and 4 media storage 1340

The interface mteraction module 1305 of the medis-editing application 1300 interprots
the userinput data vecerved from the input device detvers 1343 and passes it to various modudes,
including the video oditing modules 1315, the media import modale 1320, and the proview
generator 13380 In some embodiments, the input data divectly affects the composite presentation
data or other data stored in the media storage 1340

The interface iteraction module 1303 also masages the display of the user interface (U,
and outputs this display information to the display drivers 1356, This U display information
may bo based on information frony the varous modules, inchuding the video editing modulos
1315, the media import module 1320, and the proview gonerator 1330

The mtmface intoraction modale 1305 i some cmbodiments alse relays another
module s interface that relays Jnput, sssociated with a skinumning tool, For instance, the interface
imtersction module 1305 relays input from a file browser 1331 (also culled as file-browsing
window below) of an operating system 1301 to the proview generator 13300 The proview
generator 1330 may return decoded pictures to the fike browser 1351 through the interface
inferaction module 13035, More examples of intoractions between a file browser and & proview
generator of some embodiments are deseribed below by reference to Figures 14 and 15,

The mediz mport module 1320 mports media {e.g. 8 video) into the medis-editing
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application for use in creating a composite prosentation. Some embodiments, as shown, recaive
the medis dircetly from 8 video capturing device such as a video camera 1355, Sonw
gmbodiments mport modia fron an sxiomal storage 1360, The extornal storage 1360 may be an
S0 card, a flash drive, an extemnal hard drive, an intornal bard drive in which the files are not
stored in the organized file folder siructure of the apphication, gt¢.

The preview gencrator 1330 in some smbodinments is similar to the preview gencrator
500 described above by reference to Figure 8, except that the preview gonerator 1330 does not
inchude s decoder but instead uses one or more video decoding modules 1335 to decode an
encoded pioture. When the proview generator 1330 recoives user input that affects that preview
operation, the preview geasrator 1330 selects a picture from 8 video clip and provides a proview
of the video clip according 10 the wmothods deseribed shove, In some erobodiments, the proview
genergtor 1330 selects a decoded picture stored in the cache storage 1370, In some entbodiments,
the preview generator 1330 selects an encoded picture, sends the encoded pictare to the video
decoding modules 1335 for decoding before displaying the picture through the user interface

interaction modale 1305, The decoding modules 1335 are sumilar o the decoder 525 described
above by reference to Figures § and 6.

The video editing modules 1313 welude a variety of modoles for editing media i the clip
browser as well as in the timeline. The editing modudes 13135 handle the creation of projects,
addition and subtraction of clips from projects, triming or other editing processes within the
timedine, application of effocts and transitions, or other ediing processes,

The media storage 1340 1s a el of file folders organized by the media-cditing application
and stered on a particalar st of storage devices, The storage devices may nclude the boot ditve
of the clectronie duvics on which the application operates, & difforent partition of that disk, a
separate intornal or external hued drive, a fash drtve, an SD card, cte,

The cache storage 1310 is similar to the storage 335 doseribed above by reference to
Figure 5. That s, the cache storage 1310 is momory space allovated for the modia application in
a devige’s volatde memory {o.g., RAM} andfor s nonwvolatile memory {s.g., disk, flash
memory, ote) that stores decoded version of the video pictures that the preview generator 1330
hay decoded i providing a proview ef the video, The amount of memory allocated to the cache

storage for storing the docoded video picturss s often finite, which in some cmbodiments
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requires purging of decoded pictures from the allocated memory whenever the application usage
of this memory resches ity Himits,

Figure 13 also iHustrates the operating svstem 1301 that mchudes input device driver{ss
1345, display drivers 1350, snd the file browser 1351 In some cmbodiments, as Hlustrated, the
input device deivers 1345 and display drivers 1350 ave part of the operating systom oven when
the media-cditing applivation 1300 1s an application separate fron the oporating systam.

The input devige drivers 1348 may inclide drivers for translating signals from a
kevboard, mouse, touchpad, drawing tablet, touchscresn, oo, A user inforets with one or move
of these mput devices, which send signals to their corresponding device drivers. The deviee
drivers then translate the signals foto user mput deta that & provuded o the UL interface
intoraction module 1305,

The display drivers 1350 recoives signsls (0.g., from the interfuce interaction module
1303} describing what should be displayed and trapslates these signals into pixel fnformation that
1s sent o the display device, The display device way be an LOD, plasma sereen, CRT monitor,
toachsereen, ote.

The prosent application describes a graphical user interface that provides users with
pamerous ways to perform different sets of operations and functionalities. In some embodiments,
these operations and functionalitics are performed based on differont commands that are recelved
from users through difforent inpat devices {e.g., keyboard, trackpad, fouchpad, mouse, ete). For
example, the present application Wustrates the use of a cursor in the graphical user terface fo
control {e.g.. scleet, move) objects i the graphical aser interface. However, in some
embodiments, objects in the graphical user jnterface cun alse be controlled or manipulated
throngh other comtrols, such as touch control. In some cmbodiments, touch contvel ix
implemented theough an mpat device that can detect the presence and location of touch on a
display of the nput device. An example of a device with such functionality is a touch screon
devics (. a8 meorporated into a smart phone, a tablet computer, ot ) In some cnzhodiments
with touch cam:roL a user directly manipulates objects by interacting with the graphical user
interface that 18 displayed on the display of the touch sereen device. For mstance, o user can
select a particular object in the graphical user intorface by simply touching that particuly object
on the display of the touch sercen device. As such, when touch control ix utilized, @ cursor may
not even be provided for enabling scleotion of an object of a graphical user interface in some
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cmbodiments. However, when a cursor is provided in g graphical user interface, touch control
can be used to control the cursor in some embodiments,
¥, ALTERNATIVE EMBODIMENTS

The examplos doscribed sbove have shown the preview gencrator of some embodiments
porferming the picture selection operation in ¢ modis-cditing application. However, the preview
generator of sonie embodiments can be used by any other spplication that oxecutes on a device in
order to generate quick previews of video clips stored on the device. One such application is the
operating system of the device, Figares 14 and IS provides several examples of an operating
systent of a device that uses the preview generator of sotne embodiments to generate previews of
video clips.

Figure 14 illustrates & GUT 1400 of & file-browsing window of an operating system (OS).
The file browser in this example provides a column view of a hicrurchical filing structure of the
aperating systevn. Even though this exemple is described by reference to a column view of a file-
browsing window of the operating system, one of ordinary skill in the art will recogmze that the
proview generator of some embodiments can be osed by the oporating system o provide
previews of video clipy in any window of the operating system that s displayed m any view
format.

As shown, the file browser 1400 inchsdes three columnas, The fiest cotumn shows the
“Musie™ tolder, the "Movies™ folder, and the "Piotures” folder, As shown, the “Movies™ folder i
selected. The sccond column shows thumbnails {o.g., thumbnal 1430) of videos i the "Movies™
folder. The third cotomn inchudes a proview display arca 14235,

Some embodiments provide the user with a skivnmng tool on the thumbnail 1430 fur
shimming through a selected video clip. In some embodiments, the preview display area 1423
displays a pieture of the video clip based on a location along the thambnail ar which the
skimming tool 1433 ix positioned curvently, Thus, s the skimming tool 1435 moves between
locations on the thumbnul (tg., based on movement of & cursor or touch-sereen contact),
different pictures of the video clip reprosonted by the different ocations of the skimming tool
1435 on the thumbnatl are displayed in the proview display area 1423

Difforent embodiments provide the skimming tool differently. For instance, in somg
smbodiments, the operating systom sutomatically produces the skimming tool 1435 (1., make it

appear) on the thumbnail 1430 when the operating systom detecty that 8 cursor or # touch-screen
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comtact is over g thumbnuil, Other embediments produce the skimming tool 14335 when the user
requests for the skimming tool (by, e.g., clicking or touching on a particular location within the
thumbnatl).

The operation of the GUT 1400 will now be deseribed by reference o the state of thiy
GUT during the three stages 1405, 1410, and 1415, The fivst stage HO5 tustrates the GLH 1400
after the skimming tool 14335 has been gotivated over the selected thumbnuml 14300 The gray
background of the thumbnail iHlustraies the selection of the thumbnal, while the appearance of
the skimming tool 1435 indicates its activation, Different cmboediments can sclect the thumbnail
and schivate the skimming tool differemly. For instunce, in some cmbodiments, the OF does
these operations when the aser performs a carsor chick or touch~-screen contact on the thumbnpail
1430 anct thon olicks or touch-screen contacts again on 8 location within the thumbnail, In other
embodiments, the O8S doos those operations when the user performs a single cursor chiek or
touch-screen contact on @ location on the thombnal 1430, Yet other embodiments select the
thumbnail and display the skimming tool when the cursor or touch-sereen confact goes over the
thambnail,

I the fiest stage 403, the skimng tool 1435 15 at @ location of thombnat 1430 that
corresponds o Pictare A of video clip 1430 (the current pictare™). In some embodiments, the
preview geperator displays o pichire that s represented by the posttion of the skinming ool
14335 on the thumbnal, As shown, the preview display arca 1423 displays Pleture Al

The second stage 1410 displays the GUT 1400 afier the nser has moved the skimming tool
1433 torward on the thanboatl 1430, as indicated by the arrow 1443, In some crabodimoents, 2
user can select and wmove the skimming tool 1435 by mampulating a cursor (e.g., by moving ot
dragping 8 cursor) while in other cmbodiments, the user can do the same with touch bascd
manipulation (e.g., moving the playhead on a touch soreen, efv.). As shows, the skimming tool
1435 has moved 1o a new lovation that corresponds o encoded Picture © of video clip 1430 ("the
current pictwre™). In some smbodiments, the picture gencrator perftems the picture selection
operatton as deseribed above o select a picture for displaving., As shown, the picture gencrator
s sclected Picture B for display in the preview display area 1423, As shown, the picture
generator has selected Picture B for display i the preview display arca 1423, Picture B in thix
example falls within the range of positions that the skimnung tool 1435 has covered from stage

1405 to 1410 and 15 alrcady decoded and stoved in the cache, while Picture € iy not.
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In the third stage 1413, the skinmming tool 1435 has stayed at the same Ipcation {i.a., the
usar has not moved the skimming tood forward or backward) on the thumbuanl for @ duration of
thne. As shown, the skimming tool 1435 is at the same location as in the scvond stage 1410,
which corresponds to enceded Picture C of video clip 1430 (“the current picture™) In some
sinbodiments, when the skimming tool has stayed at u particular location for a duration of time
{c.g., 30-60 nulliscconds), the pictwre generator decades the curremt pieture (Lo, the video
picture of the video clip identificd by the skimming tool on the thumbnail} and presents the
current preture in the proview display arca 1423, Ax shown, Piotwre € (Lo, the current picture) 8
sclected and displayed in the preview display arca 1425,

Figure 15 illustrates another example of the preview generator being wsed by the
operating systom of a device. Speeifically, Figare 13 shows a file browser 1300 of an operating
systom that s configured to appear differently than the file browser 1400 described above by
refevence to Figure 14 As shown, the file browser 1300 includes theee columns. The first
colomn shows the “Music™ folder, the "Mowvies” folder, and the "Plotures™ folder. As shown, the
“NMovies™ folder is selected, The second colwmm shows a Hst of videos in the “Movies™ folder
The third cotamm includes a proview display arca 1325,

Somve embodiments provide the user with & skivaming tool on the preview display ares
1525 for skimming through a video clip selected w the second column, In these embodiments,
the proview display area 1325 digplays a pictare of the video clip based on & location slong the
preview display area 1325 at which the skimmuing tool 1333 s positioned currently. Thus, as the
skimoring tool 1335 moves botween locations on the preview display arca 1525, different
pictures of the selected video chip ropresented by the diffevent locations of the skimming tool
1535 on the proview display arge 1525 are displayed in the proview display ares 1525, The
skimming tool 1s deproted as a vertical bar moving horizoutally alonyg the proview display arca
1525 in this figure. Howoever, one of the ordinary skilf in the art will recognize that the skimming
tool 1535 may have different appearances, For instance, the skimming tood 1535 may be a knob
that the user can grab and move horizontally slong a bar placed above or below or in the middie
of the preview display ares 1523 in order to control the playback of the selected video.

Difforent embodimonts provide the skimming tool differently. For instance, in some
smbodiments, the operating systom sutomatically produces the skirmmming tool 1535 (i.e., make it

appear) on the proview display area 1325 when the operating systam detects thut & cursor or &

~
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touch-soreon contact has entored the preview display srea 1325, Other ombodiments produce the
skimaing ool 1535 when the user requests for the skimming ool (by, o, clicking or touching
on a particular location within the proview display area). Yet in othor cmbodiments, the
operating system places the skimming tool 1535 at a default locstion within the preview display
area 1525 when the user selects a video olip in the sceond column (by, ¢, clicking the nisae of
the video olip i the second column),
The Qpcm_ti{m of the GLI 1500 will now be described by reference o the sate of this
GUT during the three stages 1503, 1510, and 1315, The first stage 1505 illustrates the GUT 1500
after the selection of the video clip 1330 Concortmon™) and the activation of the skimming
tool 1535 over the proview display area 1323, The gray backgronnd of the thombnail ilostrates
the selection of the thumbnail, while the appearance of the skimuming tool 1535 dicates s
achivation. Difforent embodimaents can seleot the thumbnatl and activate the skimming tool
differently. For fostasce, in some embaodiments, the 08 does these operstions when the user
performs a cuvsor olick or touch~soreen contact on the thuroboail 1330 and they chicks or touch-
creen contacts on g location on the proview display area 1325, In other embodiments, the O8
docs these operations when the thumbnail 1330 13 selected {e.g, through a cursor click or touch-
creen contact) and the cursor or touch-sereen contact goes over the proview display area 15235,
In the fivst stage 1503, the skimmuing tool 1335 18 at a focation of the proview display area
1325 that comesponds to Picture A of video clip 1330 (“the current picture™) In some
embodiments, the preview genorator displays & picture that is reprosenied by the position of the
skimpning tool 1535 on the preview display area 1325, As shown, the preview display area 1323
displays Pleturs A,
The second stage 1310 displays the GUE 1500 after the wser has moved the skanming sool
1533 forward on the proview display area 1523, as indicated by the amow 1545, In some

ersbodiments, a user can select and move the skimming tool 1533 by manipulating a cursor {e.g.,

by moving or dragging a cursord while in other embodiments, the user can do the same with

touch based manipulation {¢.g., moving the plavhead on a touch screen, ofe.). As shown, the
skimnming toot 1338 has moved to  new location that corresponds to encoded Pienwe € of video

clip 1530 (“the current picnwre™). In some embodiments, the picture generator performs the

picture sclotion oporation as described gbove by reforence to Figures 2 and 8 to select a picture
for di\;‘s mg. As shown, the picturs generator has selected Pioture B for display in the proview
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display area 1325, As shown, the picture gencrator has selected Picture B for display in the
proviow display arce 1525, Picture B in this cxample falls within the range of positions that the
skinuning ool 1533 has covered frons stage 1505 to 1310 and 15 already decoded and stored in
the cache, while Pienwre € is not,

In the third stage 1315, the skinuming ool 1535 has stayed at the same location (.o, the
user has not moved the skimming ool forward or backward) on the preview display arca for a
daraton of time. As shown, the skirmming teol 15335 is at the same location as in the second stage
1510, which corresponds to oncoded Picture € of video olip 1530 (“the cwrrant pleture™). In
some embodiments, when the skimming tool has stayed at a particolar location for a duration of
time (e.g., 30-60 milliscconds), the picture generator decodes the current pictore (.., the video
pictare of the video clip wdennfied by the skimming tool on the proview dis pl{zy rea) and
presents the current picture in the preview display arca 15350 &g shown, Picture € (e, the
current picture} s selected and displayed in the proview display area 1523,
VI  ELECTRONIC SYSTEM

Many of the above-described features and applications are implemented as softveare
procosses that are specified as g set of wstructions recorded on a computer readable storage
medium {also referved 1o as conmputer roadable medinm). When these instructions are excouted
by one or more computational or processing unil(s) {e.g., one or more processors, cores of
processors, ov other processing wnits), they cause the processing wmit(s) to perform the actions
indicated in the instructions. Examples of computer readable media inclade, but are not Hmited
to, UD-ROMs, Sash detves, random access memory (RAM) chips, hard drives, crasable
programmable read only moemories (FPROMs), clectrically crasable programmable read-only
memories (EEPROMs), ote. The computer readable maodia does not include carrier waves and
clectronic signals passing wirelossty or over wired connoctions.

1n this specification, the torm “software” Iy meant to include fironware residing in read-
onby momory or apphications stored in magnetic storage which can be read o momory for
processing by a processor. Also, m some cnbodiments, multiple software mventions can be
implemented as sub-parts of a larger program while remaining distinet software inventions. In
seme smbodiments, multiple softwarg inventions can alse be implemonted as separate programs,
Finally, any combination of separate programs that together implemont @ software invention

deseribed hore s within the scope of the invention, In some embodiments, the softwars
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programs, when instalicd to operate on one or more clectronic systoms, define one or more
spectfic machine implementations that exccute and porform the operations of the software

PrORAINS,

{h

Figure 16 conceptually Hllustrates sn clectronic systum 1600 with which some
smnbodiments of the mvention are implamentad. The electronic system 1600 may b a computer
{c.e., a deskiop computer, porsonal computer, tablet computer, etel), phone, PDA, or sny other
sort of electronic device. Such an clectronic system inchudes varioas types of computer readable
media and interfaces for various other types of computer readable media, Electronic system 1600
inctudes a bus 1605, processing unitf{s) 1610, a graphics processing unit {GPU)Y 1615, a system
moemory 1620, a petwork 16235, 4 read-only memory 1630, a permanent storage deviee 103§,
i.m;mt devices 1640, and output dovices 1645,

he bus 1605 collectively reprosents all systemy, peripheral, and chipset buses that
compnunicatively connect the sumerons intersal ds:\-»‘imts of the electronic svstem 1600, For
wstance, the bug 1605 communicatively connects the processing anif(s) 1610 with the read-only
memory 1630, the GPU 618, the system memory 1620, and the permanent storvage device 16345,

From these various momory onits, the processing onii(s) 1610 retrioves nstractions 1o
exceute and data to process in order to execute the processes of the invention. The processing
unis) may be g single processor or & multi-core processor i different ermbodiments. Some
instructions are passed o and executed by the GPU 16180 The GPU 1618 can offload variows
compalations or complement the fmage provessing provided by the processing unit{sy 1610, In
some embodimonts, such functiouality can be provided wsing Coreloage’s kernel shading
language.

The read-only-memory (ROM) 1630 stores static data and mstructions that are needed by
the processing anit{s) 1610 and other moduley of the clectronic systeny. The pormanent storage
device 1633, on the other hand, 18 & read-and-write momory dovice. This device is a non-volatils
miemory unit that stores instructions and data oven when the clectronic systerm 1608 ix off. Some
cmbodiments of the invention use a mass-storage device {such ax a magoetic or eptical disk and
its corresponding disk drive) as the permancnt storage device 1635,

Other cmbodiments use a romovable storage device (such as a tloppy disk, flash momory
dovice, oic., and s corresponding disk drive) as the poermanent storage device. Like the

pormanent storage doviee 1635, the system memory 1620 18 a read-and-write momory device
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However, unlike storage doviee 1635, the system memory 1620 is a volatle read-and-wiite
moemoery, such a random access momory. The system memory 1620 stores some of the
imstructions and data that the processor needs at runtime, In some embodiments, the invention’s
procosses are stored I the system memory 1620, the pormanont storage devics 1633, andfor the
read-only racmory 1630, For oxample, the various momory units inchude hnstructions for
progessing multimedia clips i sccordunce with some smbodiments. From these vanous memory
units, the processing onit{s} 1610 retrieves instructions to exceute and data to process in order to
execute the processes of some crrbodiments.

The bos 1605 also connects to the input and outpat devices 1640 and 1643, The mput
devices 1640 cngble the user to Ccompunicate information and select commands to the electronic
system, The input devices 1640 inclode alphanumenic keyboards and poinning dovices (also
ctled “cursor control devices™), cameras {¢.g.. webeams), microphones or similar devices for
receiving voice comwnands, ote. The output devices 1645 display images geverated by the
clectronic system or otherwise output data, The output dovices 16435 welude printers and display
devices, such as cathode ray tubes {CRT) or Hgoid orystal displays (LOCDY, as well as speakers or
stnilar sadio outpuat devices. Some embodimoents include dovices such as a touchscreen that
funchion as both fuput and output devices.

Finally, as shown in Figure 16, bus 1605 also couples clectronic system 1680 to &
network 1625 through a network adapter (not showan). In this manner, the computer can be a part
of a network of computers (sech a3 a local area network ("LAN), » wide area network
{TWANTY, or an Inteanet, or & notwerk of networks, such as the Intorpet. Any or alf componenty
of electronic systent 1600 nay be used 1o conpuction with the myvention.

Somae ensbodiments inchude electromie components, such as microprocessors, storage and
memory that store computer program instructions in e machine-readable or computer-readable
medium {alternatively reforred to as computer-readablo storage medis, machine-readable maedia,
or machine-readable storage muedia), Some oxamples of such computer-readable nmedia include
RAM, ROM, read-only compact discs (CD-ROM), recordable compact dises (CD-R), rowritable
compact dises {CD-RW), read-only digital versatile dises (g, DVD-ROM, dualdayer DVD-
ROM}, a variety of recordablesrowritable DVDs (o, DVD-RAM, DVD-RW, DVDHRW, ete.
flash memory (o2, SD cards, mini-SD cards, micro-SD cards, ofe), magnotic andior solid state

hard drives, ;Lad—mﬂs and recordable Blu-Ray® discs, ultra density optical dises, any othar
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optical or magnetic media, and floppy disks. The computer-readable media may store a computor
program that is sxecutable by at foast one processing unit and includss sety of instructions for
porformung varions opseations. Examples of computer programs or computer code include
machine code, such as is produced by & conpiler, and files including higher-lovel code that are
executed by a computer, an cloCeHe component, oF & MICTOIROUCKSOY Using an merpreter.

While the above discussion primarily refors to microprocessor or multi-Corg processors
ihat execnte software, some embodiments ave performed by one or move integrated circnits, such
as application spectfic infegrated cirenifs (ASICS) or field programumable gate wrrays (FPGAS). In
some entbodimnents, such integrated civcuits execute instructions that are stored on the cirouit
iself. In additton, some embodiments oxecute soflware stored in programmable logic doviges
{(PLDs), ROM, or RAM devices.

As used in this specification and any clanms of this application, the terms “computer™,
Userver”, “processor”, and “merory™ all refer 1o clectronic or other technological devices, These
rerms exclude people or groups of people. For the purposes of the specification, the terms display
or displaying means displaying on an electronie device., As used i this specification and any
clarms of this application, the tevms “computer readable medium,” “coroputer readable media”
and “machine readable mediom™ are entively restricted to tangible, physical objects that store
information in a form that ix readable by o computer. These termy exelude any wireless signals,
wired dewnload signals, and any other ephemeral signals,

While the invention has been described with reference to rumerous specific detals, one
of ordinary skill in the art will recognize that the invention can be embodicd . other specific
forms without departing from the spint of the wvention. o addition, & sumber of the figures
{including Figures 2 and B} conceptually tustrate processes. The specific operations of these
procosses may not be porformed in the exact order shown and deseribed. The specific oporations
may not be performed in one continnous series of operations, and different specific operations
may be perforoied dn difforent entbodiments, Furthermwore, the process could be implemented
using several sub-processes, or as part of a larger macroe process. Thus, one of ordinary shill in
the art would understand that the inveption & not o be limited by the foregoing ilustrative

detatls, but rather is to be defined by the appended claimx,
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CLAIMS
What ts clajmed is:
I, A method of sulecting a picture for display when a skimming ool wdentifics a

current picture of a video corresponding to a location of the skimming toot on a video clip icon

5 ropresenting the videg, the viden comprising a sequence of pictures, cach picture corresponding
o a different location on the video olip con, the method comprising
& group of pictures associated with the current pictare, determining whether a
decoded picture exasts in the group; and
selecting the decoded pieture when a decoded picture exists in the group,
10 seleeting & picture that iy casiest to decode from the groap of pictures when no
decoded picture oxists 1 the group,;
displaying the selected picture.
2 The mothed of claim 1 further comprising:
determinipg whether the current picture is a decoded picture; and
[ selecting the current pichire when the current picture s a decoded picture,
3 The method of claim 1 frther coroprising displaying the current prcture affer the
skimming ool has stayed at 2 location for a duration of time.
4, The method of claim 1, wherein selecting 8 pictare that s casiest 1o decode
COTIPTIREN.
20 determiniog whether an infra-picture exists in the group of pictures; snd

selecting the intra-picture when an intra-picture exists in the group of pictures,

3. The wethod of claim 4, wherein selocting 8 pictare that I8 easiest w© docode
further comprises;

determining, for sach pieture in the growvp of piclures, a namber of reforence

25 pictures that are divectly or indirectly referenced by the picture when no intya-picture exists in the

group; and

sclocting s pictare with s fowest number of reforence pictares in the group.
&, The method of clanm 3, wherein selecting & proture baving 8 fowest number of

s,

reference pictures in the group comprises when mere than one picture I the group have the
30 fowest number of reforence pivturcs, sclecting a picturs with the fowest sumber of referance

pictures that is closest fo the current picture,
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7, The method of claim 1, whercin the sequence of pctures i # sequencs of encoded

pictures, the method further comprising decading the selected picture.
X The method of claim 7, whorein the scquence of encoded pictures comprizes at
least an intra~encoded picture and sy inter-encoded picture,
@, Amethod of defining a video proviow generator for providing proview of g video
comprising a sequence of pictures, the method comprising:
defining @ movable skimming tool for wlentifyving & current picture of the video
based on a location of the skimming toel; and
detining a picture generator for generating pictores of the video for display, the
prcture generator comprising:
a picture identifier for sclecting, from & group of pictures associated with
the current picture identified by the skimming tool, & picture that is casiest to decode; and
a decoder for decading the pictures selected by the poture identifier.,
10, The method of claim 9, wherein the picture identifior s further for selecting the
current picture when the current picture 13 a decoded proture.
11, The method of clatm 9, wherein the picture identifier s further for selecting the

current picture when the skinming tool has stayed at a particular location for a duration of time.

12, The method of claim 8, wherein the pictare tdentifier s further for selecting a

decoded pictare from the group of pictares when a decoded picture exists in the group.

13, The methed of claim 9, wherein the picture identifier 1s further for selecting an
intra~-picture from the group of pictures when au intra-picture exists in the group.

14, The method of elatm 9, wherein & pichae is casiest to decode in the groap of
pictures when the pictare hasa fowest pumber of reference pictures that are dircetly or indivectly
referenced by the picture.

15, The method of claim 9, whorein the sequence of pictures comprisex at least an
intra-oncoded picture and an inter-cncoded picture.

16, A non-tramsitory machine readable medium stormg a program for sclecting a
pioture for display when a skimuming ool identifies a curvent picture of a video corresponding fo
a location of the skimming tool on a video clip icon reprosenting the video while the skimming
ool iy moving from a fist location o a scrond location on the videoe olip ivon, the video

comprising a sequence of pictures, sach picture corresponding to a different location on the
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video ¢lip icon, the computer program excoutable by at keast one processing unit, the program
comprising sets of mstructions for:
i group of pictares associated with the current pictire, detormining whether a
decoded picture exists in the group; and
selecting the decoded picture when a decoded picture existy in the groups
sclecting & picture that ix cusiest to gonerate from the group of pictures when no
decoded pictare exists in the groupy
displaying the selected pictare.
17, The machine readable medium of claim 16, the program forther comprising sets
of instructions for;
determining whether the current pleture s a decoded picture; snd
selecting the current picture when the curvent pieture is a decoded picture,
1¥.  The raachine readable mediam of claim 16, the program further comprising a set
of mstructions for displaying the curvent pictare after the skimming tool has stayed at a locatson
for a duration of time,
19, The machine readable medium of 16, wherein a picture that s cagiest to generate
is a picture that 18 casiest to decode.
20, The machine medium of claim 19, wherein the st of instructions for selecting &
picture that is casiest to generate comprises sets of instructions for
determiniog whether an infra-picture exists in the group of pictures; snd
selocting the wntra-picture when an intra-picture exists in the group of protures.
21, The machine readable medivm of claim 19, whoreln the set of mstructions for
selecting a proture that 1s casiost to generate furthor comprises sots of instructions for:
determining, for sach pieture in the group of piclures, a namber of reforence
pictures that are divectly or indireetly referenced by the picture when no intya-picture exists in the

group; and

sclocting s pictare with s fowest number of reforence pictares in the group.
22 The machine readable medivm of clatm 20, wherein the set of instructions Tor

selecting a picture having a owest number of reference pictwres in the group comprises a set of

instructions for sclecting a proturs with the fowest number of reforence pictures that is closest

Lty
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the current pictre when more than one picture in the group have the fowest number of reforonce
PICTUEES.

23, The machine readable modivm of clatm 16, whergin the sequence of pictures ik a
sequence of enceded pictures, the computer program further comprising a sot of instructions for
decoding the selected picture.

24, The machine readable medium of claim 16, wherein the group of pictures

inctades pictures that correspond to locations betwoeen the first and second locations,
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AMENDED CLAIMS
[received by the International Bureau on 12 October 2012 (12.10.2012)]

1. A method of selecting a picture for display when a skimming tool identifies a
particular picture of a video corresponding to a particular location of the skimming tool on a
video clip icon representing the video, the video comprising a sequence of pictures, each picture
corresponding to a different location on the video clip icon, the method comprising:

in a group of pictures associated with the particular picture, determining whether
a decoded picture exists in the group;
selecting the decoded picture when a decoded picture exists in the group;
when no decoded picture exists in the group:
determining whether an intra-picture exists in the group of pictures;
computing, for each of a plurality in the group of pictures, a number of
reference pictures that are referenced by the picture when no intra-picture exists in the group;
and
selecting a picture with a fewest computed number of reference pictures in
the group; and
displaying the selected picture.
2. The method of claim 1 further comprising:
determining whether the particular picture is a decoded picture; and
selecting the particular picture when the particular picture is a decoded picture.

3. The method of claim 1 further comprising displaying the particular picture after
the skimming tool has stayed at a location for a duration of time.

4. The method of claim 1, wherein the method further comprises selecting an intra-
picture when the intra-picture exists in the group of pictures when no decoded picture exists in
the group.

S. The method of claim 1, wherein said computing the number of reference pictures
comprises counting a number of pictures that are directly or indirectly referenced by the picture.

6. The method of claim 1, wherein selecting a picture having a fewest number of
reference pictures in the group comprises when more than one picture in the group have the
fewest number of reference pictures, selecting a picture with the fewest number of reference

pictures that is closest to the particular picture.
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7. The method of claim I, wherein the sequence of pictures is a sequence of encoded
pictures, the method further comprising decoding the selected picture.

8. The method of claim 7, wherein the sequence of encoded pictures comprises at
least an intra-encoded picture and an inter-encoded picture. ’

9. A method of defining a video preview generator for providing preview of a video
comprising a sequence of pictures, the method comprising:

defining a movable skimming tool for identifying a particular picture of the video
based on a location of the skimming tool; and

defining a picture generator for generating pictures of the video for display, the
picture generator comprising:

a picture identifier for selecting, from a group of pictures associated with
the particular picture identified by the skimming tool, a picture that has a fewest computed
number of reference pictures that are referenced by the picture when a decoded picture does not
exist in the group and an intra-picture does not exist in the group; and

a decoder for decoding the pictures selected by the picture identifier.

10.  The method of claim 9, wherein the picture identifier is further for selecting the
particular picture when the particular picture is a decoded picture.

11. The method of claim 9, wherein the picture identifier is further for selecting the
particular picture when the skimming tool has stayed at a particular location for a duration of
time.

12. The method of claim 9, wherein the picture identifier is further for selecting a
decoded picture from the group of pictures when a decoded picture exists in the group.

13, The method of claim 9, wherein the picture identifier is further for selecting an
intra-picture from the group of pictures when an intra-picture exists in the group.

14, The method of claim 9, wherein the picture identifier is further for computing, for
each of a plurality in the group of pictures, a number of reference pictures that are directly or
indirectly referenced by the picture.

15. The method of claim 9, wherein the sequence of pictures comprises at least an
intra-encoded picture and an inter-encoded picture.

16. A non-transitory machine readable medium storing a program for selecting a

picture for display when a skimming tool identifies a particular picture of a video corresponding
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to a location of the skimming tool on a video clip icon representing the video while the
skimming tool is moving from a first location to a second location on the video clip icon, the
video comprising a sequence of pictures, each picture corresponding to a different location on
the video clip icon, the computer program executable by at least one processing unit, the
program comprising sets of instructions for:
in a group of pictures associated with the particular picture, determining whether
a decoded picture exists in the group;
selecting the decoded picture when a decoded picture exists in the group;
when no decoded picture exists in the group:
determining whether an intra-picture exists in the group of pictures;
computing, for each of a plurality in the group of pictures, a number of
reference pictures that are referenced by the picture when no intra-picture exists in the group;
and
selecting a picture with a fewest computed number of reference pictures in
the group; and
displaying the selected picture.

17. The machine readable medium of claim 16, the program further comprising sets

of instructions for:
determining whether the particular picture is a decoded picture; and
selecting the particular picture when the particular picture is a decoded picture.

18.  The machine readable medium of claim 16, the program further comprising a set
of instructions for displaying the particular picture after the skimming tool has stayed at a
location for a duration of time.

20.  The machine medium of claim 16, wherein the program further comprises a set of
instructions for selecting an intra-picture when the intra-picturé exists in the group of pictures
and when no decoded picture exists in the group.

21.  The machine readable medium of claim 16, wherein the set of mstructions for
computing the number of reference pictures comprises a set of instructions for counting a
number of pictures that are directly or indirectly referenced by the picture.

22.  The machine readable medium of claim 16, wherein the set of instructions for

selecting a picture having a fewest number of reference pictures in the group comprises a set of
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instructions for selecting a picture with the fewest number of reference pictures that is closest to
the particular picture when more than one picture in the group have the fewest number of
reference pictures.

23.  The machine readable medium of claim 16, wherein the sequence of pictures is a
sequence of encoded pictures, the computer program further comprising a set of instructions for
decoding the selected picture.

24, The machine readable medium of claim 16, wherein the group of pictures

includes pictures that correspond to locations between the first and second locations.
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