Creating a new video production by intercutting between multiple video
clips Field of the invention The invention relates generally to conputer
gener at i omoabimicsize productions. I n particul ar, the inveotrisoromspbh@tres to
automated editing of nultiple video clips into a single video production
synchroni zed to a substantially conmon audio track. Background of the

I nvention The | ast few years has seen rapld rise in the creation of video
content, particularly of the type knomh as "user-generated content" or
"UGC'. This is video created by non- prof essional videographers, literally
anyone equi pped with a device capable of recording video content. This
content is sonetines shared by playback fromthe shooting device, for
exanpl e i iCrehtingas new viddep roaivetia nCioy heteredttinyg betveeéay nailtiple video
increasingly it is transferred to a conputer to enable other forns of
storage a sharing. These include forwarding by email and upload to

vi deo-hosting sites such as YouTube, Yahoo Video, shwup.com and others.
The mai n ¢jaNeESHF Bie inVentiooWwt h i n video creation has been the rapid
increase in the range of devices capable of shooting digital video, and an
equally rapid drop in the price of such devices. Until a few years ago,
practical | ;becIﬁée@h!nryrai@t@ﬁ&er@vdlwtgmomtﬁetga@@mpg of yideshyeduelipng. deo was

expensbye. 1 ppicaagt i fivenon RS iRl ilelesn Sl dh b SRR 1 T

avai | abl e iatoch gihglesvideb prbdigdtionusadihrdnitedies substanéially éewmopadisdibhei r

nunbers have been overtaken by ot her
track.

Background of the invention

10
The last few years has seen a rapid rise in the creation of video content,
particularly of the type known as “user-generated content” or “UGC”. This is
video created by non-professional videographers, literally anyone equipped
with a device capable of recording video content. This content is sometimes

15  shared by playback from the shooting device, for example in the case a video
camera connected to a television, but increasingly it is tfransferred to a
computer to enable other forms of storage and/or sharing. These include
forwarding by email and upload to video-hosting sites such as YouTube,
Yahoo Video, shwup.com, and others.

20
The main driver of this growth in video creation has been the rapid increase in
the range of devices capable of shooting digital video, and an equally rapid
drop in the price of such devices. Until a few years ago, practically the only
device available to consumers for shooting video was the tape-based

25 camcorder, a device which is both quite bulky and quite expensive, typically in
the region of US$1000. Such camcorders are still available and are still widely
used, but over the last few years their numbers have been overtaken by other
types of device, including camcorders which record to hard disk and to solid-

state (e.g. “flash”) memory, “digital still cameras” or “DSCs” which are today



types of device, including cancorders which record to hard disk and to
solidstate (e.g. "flash") nenory, "digital still canmeras" or "DSCs" which
are todaywprerw/ssryabl e of recording video as wel |l as st PCI/SGRe§®80472nd
canmer aphones which integrate a canera into a nobil e phone and are typically
capabl e of recording both still imges and video. The price of such devices
Is dramatically lower than the traditional cantorder, in nmany cases bel ow
US$100. Al ongside this growth in the shooting of video, there has been a
corresponding growh in the desire to edit video and to do so quickly and
easily. Note that the term"editing” in the context of video is taken to
mean not only renoving unwanted parts of the raw i nput video, but also the

appl i cati eftenfcapapiedst reaoginglidebdrpwell eeasdiimagasJdatd bameessdndsechni ques
famliar to nost people through television: transitions between shots,
speci al eMieh integpigaicamers e amehileghonemandvaretypicdilly icagable &fonet i nes

per f or med ; l{ﬁ'%@ . o« Non- Li near

Edi t ors” 5%}Hﬁ@sy0t§§élﬁﬂ§§5§§%ﬁg [ Vi@ﬁ)ﬁ?%%ﬁéﬁ%@ﬁq@&(tm or W ndows
Movi e Makergdrmajicalhiderreethanthedrdditoadsanberdeg iowidny casesicowt i ¢ edi ti ng”
sof twar e ' makes the process of creating a final edited production
dranat?caw ler, faster and accessible to far nore people. This type of
software typically operates firstly by analyzing the raw i nput video (and
sonetinmes its associated audio) to determ ne certain characteristics such
bri ght nes#longside this goawitnn théehpetine oé gideo, tieselas kferhainan faces, etc. |t

exanp! o SRECSRRoHBH o 08 Ralrd (BRALVEES She BP0 BU%RYEd o vino have
created agaeptiNecteatht thadefnfedling” frrthesedédl ofMiddd RrtéRen to mean not
10  only removing unwanted parts of the raw input video, but also the application
of a wide range of video processing and enhancement techniques familiar to
most people through television: transitions between shots, special effects,
graphics, overlaid text, and more.

15  Editing is sometimes performed manually on computers using programmes
known as “Non-Linear Editors” or “NLEs” such as Apple iMovie™, Adobe
Premiere™ or Windows Movie Maker™. However there has also been growth
in “automatic editing” software which makes the process of creating a final
edited production dramatically easier, faster and accessible to far more

20 people. This type of software typically operates firstly by analyzing the raw
input video (and sometimes its associated audio) to determine certain
characteristics such brightness, colour, motion, the presence or absence of
human faces, etc. It then applies editing rules known to experienced human
video editors. For example, one exponent of this field is muvee Technologies

25 Pte Ltd who have created automatic editing software for several platforms
including Windows PCs, the Internet, and cameraphones from Nokia, LG and

others.

Patent GB2380599 (Peter Rowan Kellock et al) is about automatically or
30 semi-automatically creating an output media production from input media



i ncl uding Wndows PCs, the Internet, and cameraphones from Nokia, LG and

ot hers. Patent (GB2380599 (Peter Rowan Kellock et al) is about automatically
or sem - MOCAHKIBEF| y creating an output media producti @ETHSGAMSI0APIEL

medi ai ncl udi ng 'vi deo, pictures and nusic. The input nmedia is annotated by,
or analyzed to derive, a set of nedia descriptors which describe the input
medi a and which are derived fromthe input nedia. The style of editing is
controlled using style data which is tgpically specified by the user. The
style data and the descriptors are then used to generate a set of
operations on the input data, which when carried out result in the output
production. This step incorporates techniques that can be taken as

capt uri ng iaclodmgyviges, sliciureieand tiisikE. TheSinpat Ricdid isesnnotate8Wyt bRg in a
production where the edltlggbéeffects and transitions are tinmed to an input

nusi ¢t r adalgeste driive; griol ot madia gaserintpis whighalgscabe dhe mpubenediput  medi a

and nost ; : ' . er I , It
resonts aTchARichSHbMenVRBHIH U Mot Tl O ST U SRR ColBRRE, ' ) et e
an ﬁnj oya_hlséngs’g/lle; datapwbidh i typxicaolll'ijf@e(::ﬁiédﬂjn) _ycﬂhglusyép'ﬂlu@tshywdgiav@m the
Technologi es na muyee aut pProducer (t i ased on the above invention.
Pat ont SUSABPPIBIPT® A0 LA SHbi0 GFTatrals § ShbetoRdatons RBLABIMEHata

aut omat i calhigh RVKSHIEAMREd Bif rés ‘JiﬁEiﬁé-ou a@fﬁé&ﬁﬁ%np%@ &epﬁnécf}ﬁo?#% 0 and

video signals are detected and used to ign the video signal "w t he
audi o si grigchniges thateandieytekenias eapturng adwonah mysiovideso editodaiment wi t h

the audi o gsj L. and _the resul ti edited video,sign I S rged wth the
audi 0 si gnsaqr%ib@'tl‘%r'rﬁeﬁuﬁﬂgi'% aﬁraaﬂﬁm%wﬁi?% %ﬁ%&t‘%ﬁ?ﬁ? .?g‘gt i on GB2440181
(Geral d Thedrastidseaareadasd tehn Mput music track. Since no significant constraints

10 are placed on the input media and most of the tedious operations are

automated by computer means, it presents a least effort path forthe average
camcorder/camera user to create an enjoyable stylish production. The
commercial product by muvee Technologies named muvee autoProducer™ is
based on the above invention. :
15 .
Patent US7027124 (Jonathan Foote et al) describes a method for
automatically producing music videos. Transition points in the audio and video
signals are detected and used to align the video signal with the audio signal.
The video signal is edited according to its alignment with the audio signal and
20 the resulting edited video signal is merged with the audio signal to form a

music video.

Published Patent Application GB2440181 (Gerald Thomas Beauregard et al)
describes a method for intercutting user-supplied material with a pre-existing
25  music video to create a new production. In the pre-existing music video, the
video content is synchronized with the music track; for example, the singer's
mouth movements are coordinated with the singing (even if the singing was
lip-synced in order to make the music video). In the new production, material
taken from the pre-existing music video retains its video/audio synchronization

30  with the music track. However, segments consisting of user-supplied video



describes a nethod for intercutting user-supplied material with a
pre-existing nusic video to create a new production. In the pre-existing
musi ¢ vi d¥0,20t0Me8V75deo content is synchroni zed wi th thePglSGE0a80AEIK2 f or
exanpl e, the singer's nouth novenents are coordinated with the singing
(even if the singing was |ip-synced in order to make the nusic video). In
the new production, nmaterial taken fromthe pre-existing nusic video
retains its video/audio synchronizatiod with the nusic track. However,
segnents consisting of user-supplied videohave no specific synchronization
with the nusic track. For exanple, usersupplied video of an amateur

i p-syncing to the song will not be properly lipsynced in the new

pr oduct i onhavBwis spbeifipsiyachranizatibH vithBleUABSicaratkTPer eRhmaRrpgaghes to
automatic video editi nfg, sone specific to the creation of music videos.

However , t$HPRYEAden of apamatewr kn-eynairg fethessatg wilt retdre prppee lipr eat i on ‘of

product i Onéyric@d(?H%éH@W r’bﬁuéﬂﬂﬂwi nportant set of scenarios: those in which
the production w !l conprise portions of several pieces of raw vi deo which

have a pre-existing synchronization relationship relative to each other by

virtue of havi substanti al | y ,common soundtracks and in which it is
desired tol % M@&%{F@*WP%@%@W@W efapripasiies foautomadispides of such

scenari os @ifing Borld §pdbitit to FTEeAtibh VF nﬁ)’s‘?@@id%%@nﬁ%mvef' @p%hSPaH‘J' tiple
I typrca

caneras sinultaneously capture a single I'itve event each camera
shoot i ng fdega Botdirbtideeneansgf alitoamatingrthetdreatiomef gaaluctisns in eriecat e

automati ca .Aan_edited, production conptisin ortions taken fromnore than
one of t heédc%@r%&rﬁﬂ% b glohﬁ‘éerl‘qrfpé' : '?‘_r?glﬁ'e §h%Pr‘?Fﬁ§%€f‘ YHance,
t heat Ir e, etsmpiige fOkiohkRf BENErat PRIBEEISP ralviViddt Glhich RAVEPS brolexidting! nct
Vi sua
10 synchronization relationship relative to each other by virtue of having
substantially common soundtracks and in which it is desired to preserve this

relationship in the production. Examples of such scenarios are:

a) The Multi-Camera Live Event scenario, in which multiple cameras
15 simultaneously capture a single live event (typically each camera
shooting from a different angle) and in which the goal is to create
automatically an edited producﬁon comprising portions taken from
more than one of the cameras. These include live performances of
. music, dance, theatre, etc.
20

b) The Lip-Sync scenario, in which a number of distinct visual
performances is performed each one in synchronization with a
common soundtrack. These include cases where one or more peopie
dance, lip-sync, play “air guitar” or otherwise perform to the same piece

25 of recorded music, and in which each performance may be at a

different time and/or different place. Note that pretending to sing or to
play a musical instrument in time with a favourite pop song is a popular
theme in user-generated video shared on online media hosting sites

such as YouTube.
30



performances is performed each one in synchronization with a common
soundtrack. These include cases where one or nore people dance, |ip-sync,

pl ay "ai rw@ubto68176r ot herwi se performto the sanme pi ec@CHSGReBHPAEE nusi c,
and in which each performance may be at a different tine and/or different

pl ace. Note that pretending to sing or to play a nusical instrunment in tine
with a favourite pop song is a popular thene in user-generated video shared
on online nmedia hosting sites such as BouTube. Consi dering scenario a)

above, the Multi-Canmera Single-Event scenario, several approaches have
traditionally been enployed to create synchroni sed productions conpri sing
vi deo shot sinultaneously on nultiple caneras. One approach, w dely used by

pr of essi ongongRAIE 2) AV HROMARELC e sin e vaiiReRBRy, al ! the

caneras to a como synchonl zation signal such a8 SMPIE tinecode at the
time of shesyeralg@prraaches five traditiomally bean eploydat ta ateateveythchianiséd om) i s
RS dur.in

dto align th d | | i ting..Anoth h t
ocor o a GURAHRISREaTPusng Rttt SR Fenly b MR eSr Bty and use
it to ali dpgrogctiuhide’) @ddl 1F rofedyiviaall idedgrbpRers! l?setonorﬁ\@bi {BY9wiré or

exanpl e the "cl apper board", an icon of filmnaki ng which has been used .
si nce fhe @avireless) albihe aMenas AP aswarEwnt HNchpnizaiion sighaltsveh amption is to

allgnthegqugﬁ%fs I d y by
relying on care ’ﬂr?' éé‘gé? @ﬁé’ﬁ@ok Sﬁﬁgﬁr\?ﬁsua{e'ﬁtg'ﬂsd};%'ﬂ%éﬁ‘dé'éh%gpfg recor ded
nmaterial, dérveouthessfiorapisaisal to @nbnltnelamaoocl@sm&tngl maaushediiingnment . None
of the above %pgroaches s well -sw ted to UC parti cul arlty when automatic

vi deo edi tARRENEE 2PBraaehis i fesgrd asoeumen %&W%r’@ferma toertad Phones,
and ot her {RRSEARANFEINY LIS R hefighthd hdlaNkGHScOomEALally at the time of

10  editing; for exampie the “clapperboard”, an icon of film-making which has
been used since the earliest days of film, serves this purpose. Another option
is to align the pieées of video as well as possible during editing simply by
relying on careful observation of the visual and/or audio parts of recorded
material, without any special techniques to assist in such alignment.

15
None of the above approaches is well-suited to UGC, particularly when
automatic video editing is to be applied. Consumer camcorders, DSCs,
cameraphones, and other mass-market video recording devices do not
support connection to a common timing reference. Amateur videographers do

20  not use clapperboards, and in many cases it would be impossible or socially
unacceptable to do so, for example just before the start of a public
performance. Alignment at the time of editing by careful observation is tedious
and would detract greatly from the primary advantages of automatic video
editing, namely speed, convenience, simplicity, and the lack of a need for

25 professional production skills.

Summary of Invention




support connection to a common timng reference. Amateur videographers do
not use cl apperboards, and in nmany cases it would be inpossible or socially
unaccept WPE0t0YPo8ISso, for exanpl e just before the starPCHIGAQEOBI4TZ
performance. Alignnent at the tinme of editing by careful observation is
tedi ous and woul d detract greatly fromthe primry advantages of automatic
video editing, nanely speed, convenience, sinplicity, and the |ack of a
need for professional production skill$. Summary of InventionThe current

i nvention ains to provide a new and useful video editing system and net hod,
and preferably to overcone or at least mtigate sone or all of the above
limtations. A preferred enbodi nent of the invention nmakes it possible to

create a fRé sDREnPMOEHESH Qimétb%mﬁieté Hlﬁ@lér{b‘)ﬁ' cfil ¥1880 EhitipRy syfgnt 0 do so

fully automatically or at |east with nuc ess human intervention than is
possi bl e vnhmaieogranst prgfarablytto gyescarne or iah least enitigatespmavor alf eptire 1. 1t
uses the f tE LN .scenarios such as those |isted above, the audio track
is identi c%ﬁ,veom&%%&sant ially simlar, for every input video clip (or for
at | east sonme part of each clip) in order to establish synchronization

between them This is based ugon techni ques for audi o synchroni zati on known
i n t he Spr i dPraferredsgrphodignest phitle igMenden makesitpassible o eraataiafinishad whi ch
gi ves the hi - ' val.ue ' r ract ed
By a5 gnal. Bearcien FsRP RIS Flodt \RRoicHp ahd o 8F sB1HP PR oF B O
editing t elebst witesnich lebs hunantintérdeation thas is possibie Witk tieé p'riehsdv. Ipr oduct i on

by concat enati segnments, . of video sel ected
y - does ph(‘?s in gssenttlally o steps:

10 1. It uses the fact that in scenarios such as those listed above, the audio
track is identical, or substantially similar, for every input video clip (or
for at least some part of each clip) in order to establish synchronization
between them. This is based upon techniques for audio
synchronization known in the prior art, such as establishing the relative

15 synchronization which gives the highest cross-correlation value for an
audio parameter extracted by signal analysis of the audio track of each
clip.

2. It applies automatic editing techniques to the input video clips to make
the finished production by concatenating segments of video selected

20 from the clips. |

The invention has application to the multi-camera live scenario and lip sync
scenario described above, and in addition in a number of other cases
including the following:

25 e The Multi-Take scenario, in which one or more cameras capture a series
of “takes” of the same work, but not in perfect sync with a previously
recorded performance of that work. For example a band can record
multiple takes of the same song, recording video of each take. The
invention allows them to create a finished video that includes footage from

30 different takes, all of them synchronized to the audio recording from one of



fromthe clips. The invention has application to the nmulti-canera |live
scenario and |lip sync scenario descri bed above, and in addition in a nunber
of ot her wWa@z8w/G6BPudi ng the foll.owi ng: The Ml ti- Take PEESHAVISO0047H whi ch
one or nore caneras capture a series of "takes" of the sanme work, but not
in perfect sync with a previously recorded performance of that work. For
exanpl e a band can record nultiple takes of the sane song, recording video
of each take. The invention allows thefhto create a finished video that

i ncl udes footage fromdifferent takes, all of them synchronized to the
audi o recording fromone ofthe takes, using "tinme warping" to account for
variations in the speed of performance of each take. The Partial Overlap

scenar 0, | NiuliaREs! iiny "R warbity 36 &cBalintipl VbR Athbapeaysy but are

partially overlapping, and in t he overl apping sectio ave a
subst ant i al | pedormanrcasol@aeh takde. On exanple is a crowd at a sports event in
whi ch many p le re d video cl.ips ich are shorter (typically much
short er) thaﬁﬂf%gagﬁiﬁ@”@f)a‘f?naf'?’ 'PHW&EAP%V%@@S@{? ’L‘ﬁ@ﬁ%@'y ps whi ch
start and endinditzfeblS! BUt arkl pErally HESREYIRY, | drittinwhiRhRRe BRBMaSSRG | ons of
overlap, and - despite the different positions of people in t%e crowd -
there Wil | beesfianis have & sybstantialy-eomimorosoundisacke i exaypplegs searpivdns .

These can be | t rani zation.qof some or all of
The ol i ps. o8t EnelBiShER s En7 BB U AR itk 8% T e
production i shottéclysiealat inuehsyoerthas ahé entifsePems FNed ardnRifitisntexanpl e
of such a case is_I1n one in whic | pl e peopl e are positioned at

I h mult] P S
di fferent | ofHER Shrs whighgstarang epdabeiffgrerd dines, therecaredike!y o d vi deo of

many sections of overlap, and - despite the different positions of people in
10 the crowd - there will be similarities in the audio of these overlapping
sections. These can be used to establish the common synchronization of
some or all of the clips, so that they can then be edited automatically into a
final production in which relative synchronization is preserved. Another
example of such a case is in one in which muiltiple people are positioned at
15 different locations along the sides of a road or track and record video of
passing vehicles, people, animals etc. This allows video productions to be
created automatically of processiohs, races, etc in which the productions
can span sections of the event longer than any one video clip (potentially
the entire procession or race).
20
An attractive feature of preferred embodiment of the invention is that there is
no need for a priori knowledge about the creation of a joint production. For
example, different people shooting video of an event may have no intention of
making a joint production, nor any foreknowledge that a joint production may
25  be made, nor even the knowledge that anyone else is shooting the same
event. Similarly, in case of distinct visual peﬁorhances performed separately
but each in synchronization with a common soundirack, such as different
people miming to the same piece music in different places and/or at different
times, there is no need for the different people involved to coordinate with

30 each other in any way, nor indeed to even know of the ‘existehcé of the other



passi ng vehicles, people, animals etc. This allows video productions to be
created automatically of processions, races, etc in which the productions
can span WOe0104148176f t he event | onger than any one vi de@C&ISGROBHOWMENt | al |y
the entire procession or race). An attractive feature of preferred

enbodi nrent of the invention is that there is no need for a-priori know edge
about the creation of a joint production. For exanple, different people
shooting video of an event may have no8intention of naking a joint
production, nor any foreknowl edge that a joint production my be made, nor
even the know edge that anyone else is shooting the sane event. Simlarly,
in case of distinct visual performances perforned separately but each in

synchr oni zgdrfarmaniceB. i glbcas thewWrdidie o nike Asisted pRIRIRtoR $@Ph ghdl M Ng

to the sane R E?(;e music in different places and/or at different tines,
there is nBufti&iinpgE vidke dips canda mpde@tierisamst oreall eltheodsien has beant h each
other in ajyptway, nor indeed to even know of the existence of the

otherperfornances In all cases the decision to make a finished production
fromthe nultiple input video clips can be nmade after sone or all of the

vi deo %as been. ” scrl ption of The Figures Preferred features of
the in AEIILRYER g i9%ed, for the sake of illustration only,

W th reference to the foIIovvl ng flgures in which: Fig.1is a flow chart
sumari zing the steps of a nethod which is an enbodi nent of the invention
to gener atRreferedfeatdess gfitod invantionfwith mow Isetlestribad]dar thbisaketdiat ar e

const ruct 1 eeteRrYs it e R B3n? faleiod sBURSRRERY ] doo el i pe to o

single separately-specified reference audio track, and intercutting of
those10

Fig.1 is a flow chart summarizing the steps of a method which is an
embodiment of the invention to generate a new video production from a set of

video clips that are time-aligned using the similarities of their audio tracks.

Fig.2 is a construction diagram illustrating alignment of multiple video clips to
15 a single separately-specified reference audio track, and intercutting of those

video clips to create a new production.

Fig.3 is a construction diagram illustrating alignment of multiple video clips,

where the audio track of one of those video clips is used as the reference.
20 |

Fig.4 is construction diagram illustrating aI‘ignment of multiple video clips

based on their audio tracks, in the case where there is no single video track

covering the entire duration of the resulting production.

25  Fig.5 is a construction diagram showing how multiple takes recorded in a
single video file can be divided into multiple clips, time-aligned based on their

audio tracks, and intercut to create an output production.

Fig.6 is a plan view of a live scenario which could generate input material
30 suitable for construction as per Fig.1, Fig.2, or Fig.3.



video clips to create a new production. Fig.3 is a construction diagram
illustrating alignnment of nmultiple video clips, where the audio track of
one of tHYOOW/MBYSclips is used as the reference. Fig. 2CTSGEHRHP4IZt i on
diagramillustrating alignnment of nultiple video clips based on their audio
tracks, in the case where there is no single video track covering the
entire duration of the resulting production. Fig.5 is a construction

di agram showi ng how nultiple takes recérded in a single video file can be
divided into nultiple clips, tinme-aligned based on their audio tracks, and
intercut to create an output production. Fig.6 is a plan view of a live
scenari o which could generate input material suitable for construction as
per Fig.1, Fig.2, or Fig.3.Fig.7 is a schematic illustration of the m m ng
scenario in which several people, possibly in different |ocations and at

di f f er ent Fig.fds a sehematigillustsritoncdfithe roimingscsabriein phidnosaerang i n sync with

- i k. Fig 8 i tic i.llustration.of treet
par ade Scarapcy Hovs iy [ Steuin dcdob el aldoich hmase btk didho 2 7 ve”
event fromligsof ¢ieamnselves perontingfih $yRAciwithha brewediabd suairagi.ng the steps

for aligning a video clip with a reference audi o track using
cross-eorrelation of the |oudness envel ope of the reference audio track and

t he audi o gt @G ' ' [ ' f - .0 t hod for
const r uct i1 2an Seatistatlt AGRdrRor & seetPaiaBeSeendhB i Hhid Fo b\ e
clips. Fi gpebple make vided sadordihgEiof allivei évertt fiwnadificrémriatatidrep of al | owi ng
the user to mark highlights and/or exclusions, for exanple via a user
interface such as that shown in Fig 12. Fig. 12 shows a possible user

i nt er face Higo s GRERAIY stinghtriANY PR pX& ARJMF a video clip with a
10  reference audio track using cross-correlatjon of the loudness envelope of the

reference audio track and the audio track of the video clip.

Fig.10 is a flowchart for a method for constructing an output productioh given
at least two time-aligned video clips. |

15 |
Fig.11 is a variant of Fig 1 with the additional step of allowing the user to mark
highlights and/or exclusions, for example via a user interface such as that
shown in Fig 12.

20 Fig.12 shows a possible user interface for indicating highlights and exclusions
in muttiple time-aligned video clips.

Fig.13 is a construction diagram showing the creation of an output production

from multiple video clips that are aligned to a reference audio track, and for

25  which the user has marked some parts as highlights or exclusions.

DESCRIPTION OF THE PREFERRED EMBODIMENT

General Cases
30



in multiple tine-aligned video clips. Fig. 13 is a construction di agram
showi ng the creation of an output production fromnultiple video clips that
are al i gri®0 209/@8Y78f er ence audi o track, and for which tRET(H6E00808&7Prar ked
sone parts as highlights or exclusions. DESCRI PTI ON OF THE PREFERRED

EMBODI MENT General CasesFig.1l is a flow chart summarizing the steps of a
met hod which is an enbodi nent of the invention to generate a new vi deo
production froma set of video clips ttat are time-aligned using the
simlarities of their audio tracks. In the first step 102, a set of video
clips that have substantially simlar or overlapping audio tracks is
acquired. In the second step 104, these video clips are time-aligned using
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are three 4 ﬁ%ﬁ!{ sﬁ\fg&eﬂ ligngsh YRING ffe 9'(@@5'%?82%%3@@8 t'Eﬂ‘f’a(Fhe audi o
tracks, and these are illustrated in the construction diagranms in Fig.2,
Fig.3, and Fig.4. Standal one Reference Audio Track Fig.2 is a construction
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108, an output video is created by concatenating the video segments while

10 preserving their synchronization relative to the common audio track.

There are three general cases for aligning the video tracks based on the
audio tracks, and these are illustrated in the construbtion diagrams in Fig.2,
Fig.3, and Fig.4.

15

Standalone Reference Audio Track

Fig.2 is a construction diagram illustrating the case where there is a
standalone reference audio track “Audio” (labelled 201) not associated with
20 any of the video clips. The reference audio track 201 may be, for example, a
recording of a song taken from CD or mp3. Alternatively, in the Multi-Camera
Live Event scenario, the reference audio may be recorded during the event,
but independently from any camera, either using a stand-alone audio
recording device and microphone, or perhaps via a stereo mix from a mixer or

25  PA (public address) system.

The video clips (“Vid1”", “Vid2”, “Vid3", “Vid4”, Vid5", “Vid6") themselves each
have their own audio tracks. Using well-known audio signal processing
methods, some of which are discussed below, the video clips are time-aligned

30 to the reference audio track 201.



recordi ng device and m crophone, or perhaps via a stereo mx froma m xer
or PA (public address) system The video clips ("Vvidl", "wvid2", "Vid3",
"Vid4", \WO3010/0684746") t hensel ves each have their own aR@TEGRIWOREL72 Usi ng
wel | - known audi o signal processing nethods, some of which are di scussed

bel ow, the video clips are tine-aligned to the reference audio track 201

. The video files may span the entire duration of the reference audi o track,
as does Vidl (labelled 202), or cover only a portion of the duration of the
reference audio track, as does Vid5 (labelled 204). Using nethods that will
be described in greater detail below, segnents are selected fromthe

mul tiple video tracks such that collectively, the segnents span the ful
duration of the reference audio track. The shaded area 203 of video clip
204 is one such segnent selected for inclusion in the output production
205. The vTbaaldepdiles orayospartthefantiad dpradidnafitbe refefenenaidiodrack, segnent s

("segA", "segB',,." asegD' . "seqE', "segF',.."s .) sglected fromthe
mul tiple Vé%%%\/{dﬂéjﬁ%eﬁe&?@%?t WaCEOV@SP%E/C% PQa\(@l‘, 9f%th8 (@g%?@hgpan the full
duration ofeféflepce UeNiERask, Alsdided ViasKiabEed 20d) o portion of the final
production 205 is a copy 208 of the reference audio track 201 . In the

vi sual Sortion of the final production 205, the transition fromone segnent

to the nex Vi i i t ition of
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ot her typesalkctetdrsrhtihe mukible videoradle suvhsthatblldctidelynttdsegméntsThe vi deo
track of the final productigtgt?lpZOS in the period_Tx1l contains elenents of

segC and seRah theniylliduratien defesprcerapdipdiack: Aoeahaded @eaR03E and

video clip 204 is one such segment selected for inclusion in the output
10  production 205.

The visual portion of the final production 205 consists of segments (“segA’”,
“segB”, “segC”, “segD”, “segE", “segF”, “segG”) selected from the multiple
videa tracks, such that collectively, the segments span the full duration of the

15 reference audio track. The audio portion of the final production 205 is a copy
208 of the reference audio track 201.

In the visual portion of the final production 205, the transition from one
segment to the next may be an instantaneous cut 206, or it may be a

20 transition of non-zero length for example a dissolve 207 during period Tx1,
wipe, or any other type of transition well-known to those skilled in the art. The
video track of the final production 205 in the period Tx1 contains elements of
segC and segD, and in the period and Tx2 contains elements of segE and
segfF.

25
This construction diagram applies particularly well to the Lip-Sync scenario, in
which several people make a video recordings of themselves dancing, lip
syncing, or playing along with a pre-recorded song playing on a stereo. The
audio tracks of the video recording will of course include whatever portion of

30  the song was playing on the stereo during that take.



segF. This construction diagramapplies particularly well to the Lip-Sync
scenari o, in which several people nake a video recordings of thenselves
danci ng, WPR0uNMe8I7Ag, or playing along with a pre-recor @d/S630§/0p045%1 ng on
a stereo. The audio tracks of the video recording will of course include
what ever portion of the song was playing on the stereo during that

t ake. Ref erence Audio from One Video Cip Fig.3 is a construction di agram
illustrating alignnent of nmultiple videp clips, where the audio track 301
of one of those video clips Vidl is used as the reference. Fig.3 is very
simlar to Fig.2, the primary difference being the source of the reference
audio track: in Fig.2, it's a separate audio track, whereas in Fig.3 the
reference audio track is taken fromone of the input video files, which
consists of an audio part 301 and video part 302. This construction diagram
appl i es espeferendeyAudio frerv @he Viidaa CliCaner a Li ve Event scenario, in which
several video caneras sinultaneously record a |ive performance. The
reference audi o track can be taken fromthe audio track of one of the video

camera's rEgy idia'gomdtridienrRadrarTRNSRatify BRGShaht 6apaItRle HidBoipe, that in
whi ch the video whose audio track is used as the reference audio track is a

pr e- exiSst i MereUBE @ugdieiack BR1talionenidbose HideowrlipatVigt ixlused aathe t he
constructi Lagr j [.0. h . 0 in whi.ch video clips
chor by areerdnEZ B B Jard siofif ol 2n e b B S e PehOieido. o
Ref er ence shutic® oftractef€i@neeianglid-trhck:an Pig.at itenn Fégarktd sugieritfddkict i on

diagramillustrati rllg t he cafeg of alignment of multiple video clips based on
their audi'¥nereasin Fig.3 the seterrncapiadia tiack s takembsomi eng ef the input video

files, which consists of an audio part 301 and video part 302.

10
This construction diagram applies especially well to the Multi-Camera Live
Event scenario, in which several video cameras simultaneously record a live
performance. The reference audio track can be taken from the audio track of
one of the video camera’s recording of the performance. ’

15
A special case of Fig.3 is that in which the video whose audio track is used as
the reference audio track is a pre-existing music video. In this case, the output
production in the construction diagram in Fig.3 can be thought of as one in
which video clips shot by an end-user are intercut with a pre-existing music

20 video.

No Reference Audio Track Covering Entire Duration

Fig.4 is construction diagram illustrating the case of alignment of multiple
25  video clips based on their audio tracks, in the case where there is no single

video or audio track covering the entire duration of the resulting production.

This case applies could apply when there are multiple cameras capturing
portions a live event, where none of the cameras captures the entire event.

30  The key requirements for the method to work in this case is that collectively all



video or audio track covering the entire duration of the resulting
production. This case applies could apply when there are nmultiple caneras
capt uri ngvpapt/wBEsa | i ve event, where none of the caneP€3/SGCAMBEPES2t he
entire event. The key requirenents for the nmethod to work in this case is
that collectively allthe clips cover the entire duration of the event, and
that each clip overlaps (in tinme) at |east one other clip. One exanple is
that of nultiple cameras shooting video3of a parade, as discussed in
greater detail with reference to Fig.8 . The input video clips Vvidl , Vid2,
Vid3 (labelled 401 , 402, 403) collectively cover the entire duration of
the final production 410. A pair of successive video clips may overl ap

subst ant i %H&cl&n_%%ov@?‘ﬂ@éﬁiré'd&ﬁicﬂpéf f%t %nc?ﬂlﬁ%gﬁécﬁ’icgp Q)(/Bflaﬁél(gﬁpl €

clips 402, 403 The visual portion 4 of the pr oduct 1 on created
by sel ect i injes ajleast en¢ ptharidip. @nktaxainepleiisithat of mstipl©camerasshooting r anges

of the out pr.oducti.on, segnents. can pe ken. from nore, than one clip.
For exanpl@ag?&f A pdgag ﬁ'&g'ﬁﬁ 'WQ{P?P%{}G??{EWM 6‘?}?&?@%"%'}2‘8% in Fig. 4,
segnments can be selected fromeither of two video clips 401 , 402. For the
Iatteréortion of the production, however, the output segnment nust be taken

from ofe spBeinpY vidaoclipsd/idisVidRalid3 (lakelss 4011402, 403) Calltctively t hat time

range. In i . ' NGl j C .the entire
ur at i on' of Y483 RYs 8taBa0 o g Rel ToRHChdh 10 3 el Bl 3B Y e "ot put
product i onvidsodlipatnesy dyertzpradistadtidliygicregaripls clids 40€, 40m)ar drilpgakst from
the clips. This is dgone I n iechniques descri bed bel ow. Depending on the
circunstan@@%e§ﬁapkﬁgm§ %%533 ffect, it may be preferable to crossfade
fromone audio segnent to the next (e.g. at tines Tx1 and Tx2 | abel |l ed
respectively as 406, 407), in others it may be preferable to sinply cut
408. 10 The visual portion 404 of the final production is created by selecting segments

from the multiple video clips. Over some time ranges of the output production,
segments can be taken from more than one clip. For example, for most of the
first half of the production shown in Fig.4, segments can be selected from
either of two video clips 401, 402. For the latter portion of the production,

15 however, the output segment must be taken from one specific clip 403, as
that's the only clip available in that time range.

In this case, there’s no single audio track that spans the entire duration of the
output production, so the audio portion 405 of the output production is created
20 by concatenating segments of the audio tracks from the clips. This is done
using techniques described below. Depending on the circumstances and the
desired effect, it may be preferable to crossfade from one audio segment to
the next (e.g. at times Tx1 and Tx2 labelled respectively as 406, 407), in
others it may be preferable to simply cut 408.
25
One possible approach would be to use a cut in the audio track if there’s a cut
in the visuals, and crossfade the audio if there's a dissolve or other non-zero
length transition in the visuals. However, this is only one possibility, and in fact
the cutting and/or crossfading in the audio track can essentially be |

30 independent of the editing of the visuals.



One possi bl e approach would be to use a cut in the audio track if there's a
cut in the visuals, and crossfade the audio if there's a dissolve or other
non- zer o WerRgtP6817ansi tion in the visuals. However, thi £CISGMSPIGHiR
possibility, and in fact the cutting and/or crossfading in the audio track
can essentially be independent of the editing of the visuals.For all three
of the general cases represented in Fig.2, Fig.3, and Fig.4, the output
production nmay be saved into a singlefideo file containing both a video
track and audio track. This is illustrated for exanple in Fig.4, in which
the visual portion 404 and audi o portion 405 of the output production are
conbined to create a single file 410. The saved video file could be in any
one of the nunmerous and ever-grow ng types of video files, for exanple (but
not limted to) MPEG1 , MPEG 2, MXV, AVI, ASF, or MPEG 4. In all three of
t he above Fgerditareccelsbs gengralsasesdepresenipddn Fg@, Fig.3aaad Fig4dtheal | t he

i nput vid terial,. .pherent synchronization.with some conmon
audi o 5ou%@‘éﬁ%F{%%‘jf}f%‘%%‘??%gﬁi‘%db@%p%§‘§Y%ﬁ’ g‘dt%ﬁ’ fﬁ%é’PUﬁ’é”'r‘é btoﬂ'éaout put
product i oNidestdiracloand atticatrack. Taid Msillittfed #r dlahplesnFag.45ehicAni zed at
all such as still inmages, abstract %nt hetic video, or video not shot in

time wht hthedissghperioatidarbardie pariien 4R8mbIthe outmys pradisstionaraeo typical |y

ld sh . ; . |
but  m gnt TR Mo SRS 2007 1 AP LB Kb e e =
acti ons _ar @ hunteroesgndvedgtawinh dypesotvidsbilitds, TatkexeBsiegbibndti 9.5 is a

(iTe can BeEPIbIPR D MEBE 2 MAYIALl AdmrdvbEREA based on thei  audi o

tracks, and intercut to create an output production.

10  In all three of the above general cases represented in Fig.2, Fig.3, and Fig.4,
all the input video material has some inherent synchronization with some
common audio source. It would of course be possible to include in the output
production additional or alternative material that is not synchronized at all
such as still images, abstract synthetic video, ar video not shat in time with the

15 common audio source. For example, a pop music video typically would show
members of a band performing (or pretending to perform) a song, but might
also show band members acting in a storyline in which their actions are not

choreographed to the music.

20 NMulti-Take Scenario

Fig.5 is a construction diagram showing how multiple takes recorded in a
single video file can be divided into multiple clips, time-aligned based on their
audio tracks, and intercut to create an output production.

25
The input video file 501 contains multiple shots, each of which corresponds fo
a single performance or “take” of a work. If the video recording is made using
a conventional tape-based DV camcorder, each take would start when the
user presses the record button on the camcorder and end when the user

30 presses the pause or stop button. When the video is transferred (“captured”) -



The input video file 501 contains nmultiple shots, each of which corresponds
to a single performance or "take" of a work. |If the video recording is nade
usi ng a cOvemyiesrial t ape- based DV cantorder, each take PaB$GA0eSt08¢472 when
the user presses the record button on the canctorder and end when the user
presses the pause or stop button. Wen the video is transferred
("captured")into the PC, each take may be captured as a separate file.
Alternatively, it may be captured as aisingle video file containing the
multiple takes. In this case the shot boundaries can be detected
automati cal ly using shot boundary detection techniques, of which there are
many described in the literature. Portions of the input video are conbi ned

to create fio Ml pE! cBEREL ) iRt Sh BBafliede AIRRANRRY 003 and

audi o track -504. W now deS(_:r w t he au created. In the
Mul t i - Takemaydrgagdpiurachas aasligle aideorfie contaisiagrthe ynyltpledakesd Isthisct 1y in

time with a referen audio track. nsider, for. ampl e, - a cl assi cal piano
conpetiti oﬁ%%ﬁ\ﬁﬁm%ﬂmg?ﬂ%s e PS&?@GMO@PQQQQHE@%%% Y rmg iC
(e.9. a Mbaatettion RRANTARR, 8f whidreRerd afd®aRg'dREABES iMMeElitdtdiuad the sane
teacher, and been inspired by sane recordi ngs of the piece, each

perforrance will have slightly different timng. Nonethel ess, based on the

audio trac f .t ' i1 d oS ' 0.ali ' . e

comet i  or oS g R Vs 0l IRRLO LG e ALl SRR EEY,
recor di ng obngistingodfes eidedheacked @3 emt audioctrack 504 kVetbve aebehideehdlenaudi o
track fromone of the takes, or another recording altogether, e.g. a CD

recor di ng 8%dig tragkni4 i$iGreaisdo pl ayi ng the same Mbzart piano sonata. This
can be acconplished using, for exanple, applying a Dynam c Ti me-War pi ng
(DTW algorithmto find the respective optinmal alignnments of the

spect rtyr alrsthe Multi-Take scenario, the takes are not necessarily performed strictly in

time with a reference audio track. Consider, for example, a classical piano
competition in which all the performers must play the same piece of music
(e.g. a Mozart piano sonata). Even if the performers have all had the same
teacher, and been inspired by same recordings of the piece, each

15  performance will have slightly different timing.

Nonetheless, based on the audio tracks of the videos, it is possible to align
videos of each competitor's performance to a reference audio frack 504, i.e. a
single recording of the piece. The reference audio track 504 could be the

20  audio track from one of the takes, or another recording altogether, e.g. a CD
recording of a famous virtuoso playing the same Mozart piano sonata. This
can be accompiished using, for example, applying a Dynamic Time-Warping
(DTW) aigorithm to find the respective optimal alignments of the spectrograms
(or more technically, Short-Time Fourier Transform Magnitude, STFTM) of the

25  audio tracks of the individual takes with the reference audio track.

Once the time alignment and time-varying warping parameters are known, an
output production including video segments from the various takes can be
constructed, with the video dynamically sped up or slowed down as required

30 to maintain proper sync with the reference audio track. Each of the segments



(or nore technically, Short-Tine Fourier Transform Magnitude, STFTM of the
audi o tracks of the individual takes with the reference audio track. Once

t he ti nme \WDI2gAL7Sand ti me-varyi ng war pi ng paranet ers 2C&/SGAWRMI04GH out put
production including video segnents fromthe various takes can be
constructed, with the video dynam cally sped up or slowed down as required
to maintain proper sync with the reference audio track. Each of the

segnent ssegA, segB, segC, segD, segE ofigt he out put production is
time-aligned to the audio track 504. For exanple, segnment 505 is
time-aligned to a point in audio track 504 where the audio is nost simlar
to the audio at its source position in the input video file 501 . The

segnent s i , d s there may be
Cransi ti oneeBA Hot: RS epE) SBAERE e o FIRIRRR TR Sb:p e Bielny Tz
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ti mi ng § r oandsegCot drthemmmayramiransitiensibevasecihedi, fgr exXdmpletditssiges usi ng

t he Dynam | re- VML pi t nmenti oned above, it is possible to
time-ali gnaVﬁ'agg’?r'8ggh?(geaq§ef%r mances with the studio recording. The input

video material mght also contain clips of the band |ip-syncing to their
studi o recording; for such lipsynced clips, no tinme-warping would be
necessary. Atpthargpplicationeef sHeh Hnewvarpinioligdn chsemwbire adandss creating n t he

T ooneudESidas anng BB Rote M Dheh el PGS 1o 0

10 Typically in a music video, a studio recording of a song is used as the
soundtrack, as it provides the best possible sound quality. Live performances
of the song will inevitably have slightly different timing from each other and
from the studio recording. Nonetheless, using the Dynamic Time-Warping
method mentioned above, it is possible to time-align videos of live

15 performances with the studio recording. The input video material might also
contain clips of the band lip-syncing to their studio recording; for such lip-
synced clips, no time-warping would be necessary. The input video may also

include video of the musicians in the studio during the recording process.

20  Non-musical cases

Note that the “performance” need not necessarily be of a piece of music. It
could be any type of performance where audio is generated with similar
enough timing that alignment of the multiple performances is possible.

25  Examples include individuals or groups of people reciting a prayer (e.g. the
Lord’s Prayer) or a pledge (e.g. the US Pledge of Allegiance). In both these
cases, the words used across multiple performances are likely to be identical
(as they essentially follow a set script), and the timing is likely to be fairly
similar as well (as they are generally learned and recited.in groups, so peer

30 pressure tends to result in common timing). In such cases, using dynamic



could be any type of performance where audio is generated with simlar
enough timng that alignnment of the nultiple performances is possible.
Exanpl es WOehWdw817adi vi dual s or groups of people reciti RETHGIIEPE47E €. g.
the Lord's Prayer) or a pledge (e.g. the US Pl edge of Allegiance). In both
t hese cases, the words used across nmultiple performances are likely to be
identical (as they essentially follow a set script), and the timng is
likely to be fairly simlar as well (a$7they are generally |earned and
recited in groups, so peer pressure tends to result in comon timng). In
such cases, using dynam ctime-warping, the video clips could be tine
aligned to a reference audio track containing a single recording of the

scripted Pcfrﬁmar@rnrg;'tﬁéigﬁeo'v!nbg'cosgi%é%n{é NiRyre¥aBla %’f&f@{deoa@.&tégks a p' an

view of a l1ve rio which coul generat I'nput material suita

const r uct'i egantainingea skige recordifgpf3he Isoriptedsprageman piedge. band wit h sever aI
nmenbers several nenbers 606, 607, 608, is performng on a stage 610. The
performance is recorded by several video caneras 601 , 602, 603, 609

shoot i ng fMaM-CiinéusLRRE®Snt Jbensdgeras woul d typically be positioned to
capture the nost interesting aspects of the performance, for exanple

cl ose- @ps of each of the band nenbers, plus wide shots of the entire band,

and possi e MR/ tin rom he . st age and to
capture tﬁl——e %ié; %e\”gw eac |on%ﬁg%c‘gﬁgﬁggu%a% i n'gqtg and may
be stati Or@.ntab(leef(g cothstrpcmbmasl peefig.2orFRgAhe] #is 5&@8@@”@@@1@%/% not
connected to each other, nor are they connected to any comon tim ng

r ef er encesSeVEha AEmMbesS SWab@%@%rﬁéﬂ%@Q7s@%p§@eﬁbr Mg eperstagemes. 1t s
not necessgqy tHbeddimdite $38B5@Rd B s WA Ao REmidhSs 601, 602, 603,

10 609 shooting from various angles.

The cameras would typically be positioned to capture the most interesting
aspects of the performance, for example close-ups of each of the band
members, plus wide shots of the entire band, and possibly even one of more

15 cameras pointing away from the stage and to capture the audience’s reaction.
The cameras may on or off stage, and may be stationary (e.g. tripod
mounted) or handheld.

The cameras are not connected to each other, nor are they connected to any
20 common timing references. The cameras may be started and stopped at
different times. It's not necessary that all the cameras, or even any of the

cameras, capture the entire performance in a single shot.

Most video cameras are equipped with microphones (either built-in, or

25  attached), so each video camera captures not just the visuals, but also the
sound from the performance. Since each camera is at a different position, it
will capture a somewhat different sound — e.g. a camera which is further away
from the stage may capture more audience noise and more room
reverberation than another camera positioned closer to the stage.

30



caneras, capture the entire performance in a single shot. Mst video
caneras are equi pped with m crophones (either built-in, or attached), so
each vi deyOcarmérwdl7’dapt ures not just the visuals, but al 26THSGRESOANA2Tr om

t he performance. Since each canmera is at a different position, it wll
capture a sonewhat different sound - e.g. a canmera which is further away
fromthe stage may capture nore audi ence noi se and nore roomreverberation
t han anot her canera positioned closer 1® the stage. A "nmaster"” audio
recording of the performance nay be captured using dedi cated audio
recordi ng neans, such as a m crophone 604 and audio recorder 605. The
recordi ng captured on this recorder serves as the ' naster audi o track for

synchr oni zjnghddhe ‘éh&i%or/e%mfn‘?%g?ﬁ\te%@rgor de! iy PRGN R Vi deo

caneras. This I's just one emas L aU|otr may be
capt ured. tedinabed audmrqzm)rdmgrraaama such@smnﬁcrblpshbae 60Asdrduatdibs and voi ces

are captured b e mc hones se signals are conmbined wth a
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(I'n the caggdigfiraekast éy”r%k@én@in@othé%éo/é&l%rc%\?ﬁ](]%g’wﬁrptrheexaﬁpl e el ectronic
keyboards, the instrunents may even be connec irectly to the m xing
desk). 9 n sigcementiensd viheosamerasaudi o track may be recorded fromthe

m xi ng desk. The nmaster audio track woul d typl cally be stereo (2-channels),
though in sone applications it may fewer ( 1-channel nono) or nore

(mul titrackhusiwstoaptafmeany Wayb eve madestaiid takk eisy bé BapfiRed.gh audi o
track could sinply be the audio track fromone of the video caneras,

provi ded t HWVAIaﬁﬂe&f%@aﬂa%sthﬁrp@r@ﬁmier% iR a RN YaICes aieneAniursbt . | n
such casespf Bg ISR #iRidpHEINEsERfo88 Y g‘?‘nléfg &re combined with a mixing desk,

10  amplified, and played to the audience through loudspeakers. (In the case of
electric or electronic instruments, for example electronic keyboards, the
instruments may even be connected directly to the mixing desk). In such

cases, the master audio track may be recorded from the mixing desk.

15 The master audio track would typically be stereo (2-channels), though in
some applications it may fewer (1-channel mono) or more (multitrack audio
capture).

In low-budget situations, the master audio track could simply be the audio

20 track from one of the video cameras, provided that camera captures the entire
performance in a single shot. In such cases the separate mic 604 and audio
recorder 605 are not necessary. This case corresponds to the scenario
described above with reference to Fig.3.

25  After the performance, the video recordings from the multiple cameras plus
the master audio track are transferred to a computer. The various video
recordings are aligned to the master audio track, and intercut with each other

as per the construction diagram in Fig.2.



recorder 605 are not necessary. This case corresponds to the scenario
descri bed above with reference to Fig.3. After the performance, the video
recor di ng8OfR2p68178 nul ti pl e caneras plus the naster au@Ce/SG2e08l00&HT2
transferred to a conputer. The various video recordings are aligned to the
master audio track, and intercut with each other as per the construction
diagramin Fig.2.Alive performance of a band is just one exanple of a live
event for which multiple video clips.ctauld be tinme-aligned based on their
audi o tracks. Qthers include any other sort of nusical performance;
parties/raves, where the video m ght show peopl e danci ng; speeches or

| ectures; and theatre performances. Miultiple caneras each with nultiple

takes in qngyd bgﬁo,ﬁgnéégéﬁé'ba%ﬁ@ﬁ%'t Bﬂe Hgkae%t?% ﬂ?fdr Hign have

mul ti pl e caneras, each capturing er a and maki ng a
musi ¢ vi deoulfiple \adecamgpsnbould bmmnewdlgped\hamsllm ﬂmldbmitranka Gthes o As in

the live perf rmanc scen ]g | d be des 6ﬁleto Plave nmulk t i
caneras tddy ?8%0[ %ﬁa Wé'ﬁ{?é‘ll Qeg?wqﬁﬁ 5945@? RVeReheEiNg \f’?{% varl ous
angl es. Thﬁlghagﬁo\meo%fe ﬂé‘hélh@'sﬂaé@h@&or%’&hrésaléﬁdgﬁé@t‘i’é Bgrfa%aﬁéesoa” of

the song. For each 't t he caneras could be noved to different positions;
for exnple, if there's a guitar solo, it nmay be desirable to do several

t akes duri turing only the antics of
the | ead g"a.g’{’é@: &{hg%e%yﬁgﬁe@@&g%%ﬁé 2’6&("6 gp rais "captured" into a
PC, it may be captured as a set of discrete files, or-as a single file
containing_ nultiple shots. If several cantorders are used, there wll

certai nl y Wee HEp SK@nﬁlqne"Q theabpveddeas isitadiavel Mulliple eapesas, earhg tri vi al
oo e TR oo RO A S5 g 1

split into ots using
10 which they’'ve previously recorded in a studio. As in the live performance

scenario, it would be desirable to have multiple cameras to capture the band

members playing/singing their song from various angles. The band may do

multiple takes, each take covering all or part of the song. For each take, the

cameras could be moved to different positions; for example, if there’s a guitar
15  solo, it may be desirable to do several takes during which all available

cameras are capturing only the antics of the lead guitarist.

When the video from each camera is “captured” into a PC, it may be captured
as a set of discrete files, or as a single file containing multiple shots. If several
20 camcorders are used, there will certainly be multiple files, each containing
multiple shots. Using trivial extensions to the methods described above, each
of the video files can be split into multiple shots using shot boundary detection
techniques, and each of the shots can be time-aligned to the reference audio
track, and combined to create an output production.
25
Detection of takes using audio

Stopping & starting a video camera (or several video cameras) for each take
may be inconvenient. It would typically be more convenient to leave the

30 camera running continuously, and only start/stop playback of the reference



techni ques, and each of the shots can be tine-aligned to the reference
audi o track, and conbined to create an output production. Detection of

t akes usiW@ 2a10di6817St oppi ng & starting a video canera (oPCISGRIRI00047He0
caneras) for each take nmay be inconvenient. It would typically be nore
convenient to | eave the canera running continuously, and only start/stop
pl ayback of the referenceaudio track to which perforners are |ip-syncing,
dancing, etc. In such cases, it would 23ill be possible to detect and
separate the takes using the audio track of the video file. One sinple
approach, applicable to nost nusical performances, would be to detect
sections in the audio tracks where the audio level is unusually |ow for

long stretghfs iraﬁﬁ%&@?{t{@sggﬁomcarétﬁﬁ%é{nc giaﬂefn.gggfm %;Mcﬁ pesude; very

| ong qui et sections stretches where audi evel "I's unusual ly | ow
coul d be iwoddmtilthedpaessijeie detaoiaad sapacatethe ¢akaskesing the aSgioctr&denar i o
Fig.7 is a%fzﬁhe ti]g;I illustration of a Lip-Sync scenario in which several
peopl e, po BP9 "8i fferent |ocations and at different tinmes and totall y
unknown to each other, create video clips of thenselves performng in sync
W th aapr e-recorded audio track. The pre-recorded audio track nost

typi cald y Q@oaisimple apmpach fappliesbleioenastovrsisakpefarmansesr wedldbetaong, but

Soveral poldel g HRe SudbA ki WRE b8 VBT s AW P 810 ot | on
701 , a pepagrtrétdies. Asshoing the mMgsia itseifelsaichodsilignclidde veryabay the pre

recorded audio track (for exanple froma CD or np3 player). The Person
| i psyncs a%ﬂ)?eqﬂ%'ée gsf stietehen Whekiberaiidie igvedis ynigually low ¢geyidbgrer a 731

interpreted as gaps between successive takes.
10

Lip-Sync Scenario

Fig.7 is a schematic illustration of a Lip-Sync scenario in which several
people, possibly in different locations and at different times and totally

15 unknown o each other, create video clips of themselves performing in sync
with a pre-recorded audio track. The pre-recorded audio track most typically
would be music, for example a commercially recorded pop song, but could

possibly be non-music, for example dialog from a film or comedy skit.

20 Several possible recording scenarios are illustrated. At the first location 701, a
person 711 is shown using a home stereo system 721 to 'play the pre-
recorded audio track (for example from a CD or mp3 player). The person lip-
syncs and/or dances in time with the reference track. A video camera 731
captures the user's mimed or lip-synced performance; via its'microphone, the

25  video camera also captures the pre-recorded audio track played back via the
audio system 721.

The scenarios at the other locations 702, 703 are similar, the only difference
being the type of audio playback system that's used. At location 702, the
30 person 712 is using a portable stereo audio system 722 to play the reference



captures the user's mned or |ip-synced performance; via its m crophone,
the video canera al so captures the pre-recorded audio track played back via
t he audi owWey8t0d§81721 . The scenarios at the ot her | ocat PERSGZQB/00HIB ar e
simlar, the only difference being the type of audi o playback systemthat's
used. At location 702, the person 712 is using a portable stereo audio
system 722 to play the referenceaudio track. The user's performance and the
pre-recorded audio are captured via vigeo canera 732. At location 703, the
person 713 is u5|ng a nonophoni ¢ audi o systemto play back the pre-recorded
audi o. The user's performance and the pre-recorded audi o are captured via
vi deo canera 733. Performances by the users are transmtted 751 ,752,753 to
a central VY, i zed on
pCoIC oL AOGBLUER. TAG USBPS BeffiimaHbL ERlh OFHL RUIEE Sullkrarpiaplig 200 on
si ngl e cohémendepcatdeca VBE.ANoCatlmnna():%rhhgaIaddsmﬂBﬁs dsingid moabphdorbct ype of

audi o pl ayer and ca o ders ed by each ,user no, ster surround
sound, froffY¢d F %gﬁ %Ckl{g?@re'r’?ﬁ%rd%(ﬁug éﬁ%rlb‘%ed 'fq{g‘a@gﬁcorders
will be SUBRd MY prl-tetorder hadio 4@ caipARel M tibab c‘éﬁﬁéram"m audi o _
cross-correl ation techni ques such as those described herein will readily be

able td establish the necessary synchroni zati on between them The

typi cal 1y RAPBEAEACEY HE s fidier ity ol o5 e i Bbull iBliebnons i s
possi bl e, VMQ\VH&efthi@muﬁtﬁﬂélp@ﬁoﬂnéhd@@ateamdhyorﬂ@éd oh@hé eadisnsf theivi deo file
via a corrputer network, for exanple the Internet. For illustration only,

Fig. 7 shofkbstaniialy corpsepaydio Fﬁapkﬁi And ediiesitodarm acsipgleccabheientng a
per f or mancggchoR. NbRINSt FYHrERss YR A% RE the BpeaH Rudid players and

10  camcorders used by each user (mono, stereo, surround sound, from CD or
mp3 player, etc), the audio recorded by the camcorders will be substantially
similar, to a degree that well-known audio cross-correlation techniques such
as those described herein will readily be able to establish the necessary

synchronization between them.

15
The transmission from each user’s location to a central location would
typically happen at different times. A variety of transmission methods is
possible, ranging from sending a video tape by post to sending a video file via
a computer network, for example the Internet.

20

For illustration only, Fig. 7 shows multiple users in multiple locations, each
capturing a performance with a single camera. Many other variants in
numbers of users, locations, and cameras are possible. A user could create
multiple videos in multiple takes, each covering all or only part of the song.
25 Each take could be captured by one or more than one camera. All video
material used to create the production could be from a single user. All the
~ video could be shot in é single location. Each video could consist of a

performance by two or more people as_opposed to a single user.



nunbers of users, l|ocations, and caneras are possible. A user could create
multiple videos in nmultiple takes, each covering all or only part of the
song. Eacwoal@68dl d be captured by one or nore than oRETE&ALIBA04AL| vi deo
material used to create the production could be froma single user. Al the
video could be shot in a single |ocation. Each video could consist of a
performance by two or nore people as opposed to a single user.If there is a
pre-existing nusic video for the song,22t can be used as another of the -

i nput videos. The video clips of people dancing, mnmng, or lip-syncing to
t he song can be synchronized to the song on the basis of the audio tracks,
and then intercut with the pre-existing nusic video to create an out put

product i oni {h&BYs RELHHR @P%i'?: s ﬂﬂ“ﬂﬁ% §8ﬁg,‘ it %Qﬁ't}é%g& Sean5Ak

dur ati ons, transitions, ects - cou 0sen usi ng ne ocris?f
descri bed the icBainMdassl TaedvidBa 880560 peoplerdanioing; muiating, ofi ljg-syredingto t hat in

t he preseny invention, user-suppl.ied video that was shot i nc wth the
r ef ePence %ﬁo@%&ﬁﬂl&éﬁ)én%FrE}B@gBJog@%é@Hgioﬁ’ tBﬁéjaél'ﬁ 9@1%%%%9% If the
equi pnent e tHdreintBitapith B pRRBRISEAY Aifsic waép%%‘?@a@a&rﬁg@ﬁg?” capture the

pre-recorded audio track directly instead of via a mcrop For exanpl e,
at | oc& i opropgetion.jMamy,aspeeis &b suglk eaprodndtisms inclutingesagment comatiarts, on,

t hat I e i i I t "1 i.n" t
Lhe. vi deo. EaIfGR BRY e 2ot b8 RKBAET BsRduRehad dkbaifin 571 ack of °the
vi deo cli p&BaddDd8hand GBB38E5AY, avighohe dratiabdisaneicrhitat Retp@sshi | ar to

and easier, to s(ﬁ_gchroni ze,e}gat,g the reference pre-recorded audio track.
Assunmi ng t R¥eDiQR: disersrpRlighidegihaiayas shat isineovithitheorafensnce auio

pre-recor dgdyRus Brokﬁﬂﬁléyﬁeéa G @%%?Lé%lﬁ@ﬁd to one or nore channels of

the video canera's 0”1 nput Input in a stereo case), and
live d@di o such as the

If the equipment has the appropriate connections, the video camera can

capture the pre-recorded audio track directly instead of via a microphone. For

example, at location 701, if the stereo system 721 has a “line out” connection,
that could be connected via a suitable cable to a “line in” connector on the

16 video camera. The advantage of doing so is that the audio track of the video
clips would have less extraneous noise, and thus be more similar to and
easier to synchronize with the reference pre-recorded audio track. Assuming
the video camera has (at least) a stereo audio input, the pre-recorded audio
track could optionally be fed to one or more channels of the video camera’s

20  audio input (e.g. the Left input in a stereo case), and live audio such as the
user actually singing fed to one or more other channels (e.g. the Right
channel). In the stereo example, the left channel would be use for

synchronization with the reference track.

25  Partial Overlap Scenario

Fig.8 is a schematic illustration of a street parade scenario in which several

people make video recordings of a live event from different locations.



user actually singing fed to one or nore other channels (e.g. the R ght
channel). In the stereo exanple, the left channel would be use for
synchroniwaowwesi7sh t he reference track. Partial Overl| RTSCRHBOPGTEFI 9. 8 i S
a schematic illustration of a street parade scenario in which severa

peopl e make video recordings of a live event fromdifferent |ocations.In
this scenario, several people carrying caneras 801 , 802, 803, 804, 805 at
various |locations along a street 821 epgh make recording of all or parts of
an event, in this case a street parade with floats 8 11, 812, 813, 814,

815. In a typical parade, there will be nusic blaring fromthe floats, and
| ots of other m scell aneous sound such as crowd noi ses. The peopl e

recordi ng [ E¥Hariy Eev&%pbéﬁ e%hhgfi{d é’atlrﬂeﬁerseé@%dy%(@glsé%ﬁwat m xes”

dependi ng on their poéltlons re sound sour
directi onsvanmumlocatlmnmealongmﬁne&tmmm;mrmkpmemmmg daaleorgfartdef arecor di ngs

of the event ece sari | vers t ration the event, and hence
it is not PY '%?ﬁsey%§88ﬂtepq{ﬁ Gh@%d%an%a%e% & 88 vi deo
recordings to serve as a master or reference track to which all the others

can be aligned. Nonetheless, it is possible to align all the recordings
provi dedl alTf aiynieal daradmshereewiizie mtisisblafing §lom the fleats and kot$ bfeo’rhecor di ngs
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product i onyill cgstordslighig differaat ovstal eblihg *@idtest gepending®rethegP bet ween
near by caneras (which have sufficiently si m | ar audio tracks) in order to

do parti al p%'f'@'ﬁ?ﬁ;@{@%v%ﬁo thadoyndsoyrersiard thedirestivns ie arhichtheirddee he case
i1l ustrated,iygrdd QreBpOIF\ferd. exanpl e, suppose caneras 801 and 802

10
None of the recordings of the event necessarily covers the entire duration of
the event, and hence it is not possible for any one of the audio components of
the video recordings to serve as a master or reference track to which all the
others can be aligned. Nonetheless, it is possible to align all the recordings

15 provided a few conditions are satisfied: first, collectively the recordings from
all the cameras must cover the duration of the whole event (or at least the part
of the event which will be covered by the final video production); second,
there must be sufficient temporal overlap between nearby cameras (which
have sufficiently similar audio tracks) in order to do partial alignments of audio

20  recordings from those cameras.

For the case illustrated in Fig.8, for example, suppose cameras 801 and 802
are sufficiently close that the audio they capture would allow temporal
alignment of temporally-overlapping clips from those two cameras. Suppose

25  that cameras 801 and 803 are far enough apart that the audio they capture is
too different to permit reliable alignment based on their audio tracks.
Alignment of the clips captured by cameras 801 and 803 is still possible by
aligning the clips from both those cameras to clips captured with a third
camera that is close enough to both of them, in this case camera 802.

30



are sufficiently close that the audio they capture would all ow tenporal

al i gnnment of tenporally-overlapping clips fromthose two caneras. Suppose

t hat camewWa@g0BE8HAd 803 are far enough apart that the ROAISG20088904G2pt ur e
is too different to permt reliable alignnment based on their audio tracks.
Alignment of the clips captured by caneras 801 and 803 is still possible by
aligning the clips fromboth those caneras to clips captured with a third
canera that is close enough to both of2¢hem in this case canera 802. First,
clips fromcaneras 801 and 802 are aligned, using nethods described |ater
(for exanple, cross-correlation of |oudness or other features extracted
fromthe audio signal). Next; clips fromcaneras 802 and 803 are

L meal | N st GRS RS GRs!dA IndBHh ord iGHSY, Y Hitthodd b8 M camer a

803 are aligned to those om caner a m caner a 1 are
al so al i gristert(tortehraseple cvpsseeoneelati®® 2f ldudnesa os ottpErdeatrésextracted! cul at e
the alignnent of clips. fr canmera 801 relativ ot e fromcamera 803.
Nbr e gene?@?mJEe@L\?écﬁs'gn§§PN8%’ IQ['E‘? "B W@F?chq)# apd; §I %feé%r_ the full
duration oflighedeugain baddd oM e AediattiatRs! NBW tAht SNERSm! arhdtatdd | ¥
unknown, their relative alignnent is determned as follows. First, we
conput & t recligneddertepss from edamares 82 and thosetfeoragaimeraB@diarefaso al | N x

(N-1 ) possihl | ' Lh i r that has_the highest peak in
s ot ons. Sised 83hERe Fon brdRra 562, 5 A IAlee REGalelue ifg t ne- audi o
tracks of aligmnhevet ofldlips fiom chmer®801 .relitios 3o Hasidomaianesm gds two audio

tracks in the tinme range that they overlap. Wth the relative alignnent of

those two clips now established, there are nowin effect N-1 clips whose
ot o VSRR Eheh, B8R S1SL AR ML £SO 0P oBFRKE |,
maxi ned0 crafsan eventebat wonseealktive time ajigepmtentds otithally urekmosurd itioeir
relative alignment is determined as follows. First, we compute the cross-
correlation of a feature of the audio tracks for all N x (N-1) possible pairs of
clips. For the pair that has the highest peak in its cross-correlation, we create
a new audio track by combining the audio fracks of the two clips in that pair,
15 cross-fading between the two audio tracks in the time range that they overlap.
With the relative alignment of those two clips now established, there are now
in effect N-1 clips whose relative alignment needs to be determined. We then
repeat the above procedure for the (N-1) x (N-2) clips to yield a new pair of
clips with maximal cross-correlation peaks, and create another new audio
20 ftrack for the new pair. Thus with each iteration, the number of pairs of audio
clips is reduced by one, and after N-1 iterations, we have a single audio track
covering the full duration of the event.

If the N clips were shot using M cameras, and M is less than N, even if the

25  relative alignment of clips from different cameras is unknown, there are
constraints on the relative alignments of multiple clips all shot from the same
camera. For example, the cameras most likely have clocks, and even if those
clocks have not been set, the differences in the timestamps on the clips from
any single camera will still be valid. Thus the timestamps allow us to

30  determine the relative alignment of all clips on a single camera. Even with no



track for the new pair. Thus with each iteration, the nunber of pairs of
audio clips is reduced by one, and after N1 iterations, we have a single
audi o tr NR20VeB17Ag the full duration of the event. |f PCHESGRISINES2 wer e
shot using Mcaneras, and Mis less than N, even if the relative alignnment
of clips fromdifferent caneras is unknown, there are constraints on the
relative alignments of multiple clips all shot fromthe sanme canera. For
exanpl e, the canmeras nost |ikely have 28l ocks, and even if those cl ocks have
not been set, the differences in the tinmestanps on the clips from any
single canmera will still be valid. Thus the tinestanps allow us to
determne the relative alignnment of all clips on a single canera. Even with

not i mest a I faGd b r ' 3 '

general | y%eﬁ%@%%_at I?E)I’P@]eexa%i e?gioéa Cgﬁ{)tys@ag Wagrfgﬁhégé&vﬁ?ﬁ{ s%fgyu%énce in
whi ch t he krlowrs Fios exampialdite @V taperayisnesedl, the sequesgoimdshich thdelimequence
in which the evgnﬁgs regresen%ﬁd i n thosg &Ibh{)s occurred in rﬁg‘?l life (the
only except fePried g iRPe SGREHIY GogmsRARs SPRAYRNCS 1B WRIERNE ng a clip).
Al gni ng gl ings fpRedentEd th thdse GipkloRuGRad tin FAUTTIRE gﬁbﬂﬂu& BRcepiRS for one
met hod of aligning a video clip wth a reference audio track - the "conmon
audi 0" 5t r duskng if somepnerrevdnds thel tape diefore reherdinwardipg. envel ope of the

ref erence audio track and the audio track of the video clip. In the first
step 901 , the anplitude envel ope of the specified common audio track is

ext ract ed. Alfymingeaudiotthgckspl i t ude envel ope is conputed by first taking the
absol ute val ue of each sanple, |ow pass-filtering the result, and then

down-sanpling. The sanple rate of the envel ope, post-down-sanpling, need

ot be verpig @1 foucttrt SRR Qo kXA ARIGPbPalidriRy BRRLHT I on in

t he
10  clip with a reference audio track — the “common audio” track - using cross-

correlation of the loudness envelope of the reference audio track and the

audio track of the video clip.

In the first step 801, the amplitude envelope of the specified common audio
15  track is extracted. Typically the amplitude envelope is computed by first taking
the absolute value of each sample, low-pass-filtering the result, and then
down-sampling. The sample rate of the envelope, post-down-sampling, need
not be very high — just high enough to allow reasonable time resolution in the
subsequent alignment steps. Given that video frame rates are typically 25-30
20 frames/s, time alignment to a resolution of 10 ms is sufficient, so an envelope

sample rate of 100 Hz is sufficient.

In step 902, the amplitude envelope of the audio track of a video clip is
computed using the same method described above for the common audio
25  track.

In step 903, we compute the cross-correlation of the common audio track’s

amplitude envelope with that of the audio track of the video clip.



subsequent alignment steps. Gven that video frane rates are typically
25-30 frames/s, tinme alignment to a resolution of 10 ns is sufficient, so
an envel oNO 286eMBESrate of 100 Hz is sufficient. |n steBCIGB208M004452 ! it ude
envel ope of the audio track of a video clip is conputed using the sane

met hod descri bed above for the common audio track. In step 903, we conpute
the cross-correlation of the common audio track's anplitude envel ope with
that of the audio track of the video chgp.In step 904, we conpute the
relative tine offset of the two tracks by locating the peak in the
cross-correlation function. The cross-correlation of two vectors yields
anot her vector whose val ues give an indication of the mathemati cal

"cl oseness t tar i i . ke peak in
the.or ose. Mor o8I MRy SPeRBh e 3BIAMyE MR ARSI 193Eks bR ReatBT ot ep
905, we al thgnpedieinthdetoss-eatkelatioh furetipacThe erédwcauelation batwo usitogs t he

of fset conputed in step.904 Other nethods . for aligning The above steps
outline j U@FEC%@OEPG%"%Q?W whosevalyes s agindisation %ﬁtlhﬁg?atﬂ‘?mpﬁbni ng audi o
tracks. Vatdiegdnesst of e fhveoiutisrd idp i  p@T 1Or.
AUessentially i n\?ol 3@ conputi ng gansgé g%mngﬁe&fsggtpﬂ'?é&é)&d@?\?ggkwgﬁrﬁt he
tracks'S audliogss@iigiation wngtier cerraspdnds te thelbest abgraheghnment or shift such

that the correlation between the features of the tracks is maxim zed (or
alternatively, such that the difference between the features of the tracks

i's mnim zedgtep BOS, avepdlignitthe @ trapie with regéctad ehe bulR YadkosshP s f eat ures
that can be_used for the alignment. Qhers include the power envel ope;
cepstrum Offset computed in step 904. A

10 Other methods for aligning

The above steps outline just one of a variety of methods which exist for time-
aligning audio tracks. Variants of the technique are possible and perhaps
superior. All essentially involve computing one of more features derived from

15 the tracks’ audio samples, and determining a relative alignment or shift such
that the correlation between the features of the tracks is maximized (or
alternatively, such that the difference between the features of the tracks is
minimized).

20  The amplitude envelope is just one of many possible features that can be
used for the alignment. Others include the power envelope; cepstrum;
spectrogram or STFTM (Short-Time Fourier Transform Magnitude); or outputs

from multiple bandpass-filters.

25  Each may have advantages for particular types of audio material. For
example, the cepstrum is often used for analysis of speech signals, as it
captures in a compact form the most salient features of a speech signal, in
particular those which are most relevant to distinguishing between phonemes.

For aligning multiple recordings of a speech, the cepstrum would therefore be



spectrogram or STFTM (Short-Ti ne Fourier Transform Magnitude); or outputs
fromnultiple bandpass filters. Each may have advantages for particul ar
types of WOQ0W/eBL78ri al . For exanple, the cepstrumis ofCEMGAHSHG43R

anal ysis of speech signals, as it captures in a conpact formthe nost
salient features of a speech signal, in particular those which are nost

rel evant to distinguishing between phonenes. For aligning multiple
recordi ngs of a speech, the cepstrumwemnld therefore bean excellent choice,
and woul d likely give much nore reliable tinme alignnment than the anplitude
envel ope. Additional hints for alignnent Wile the present invention is
primarily concerned with aligning video files based on the content of their

audi o tracksextdRift Beﬂgﬁéepgné‘%%(# @9%4/ g r‘?{ugﬂtrh&% r&aﬂ%ﬁlﬁg@ﬂe %ﬁ{;ﬁ(ﬁeﬁ? hints

for the alignnent. Vi ces capa recordi ng Vi t-1n clocks,
and t he viftiea thelapsplithds eovelape. i ncl ude absol ute tinmestanps. In cases where
multiple videos froma single event are being aligned, the tinestanps may
be used to conmpute a first guess at the relative tine alignnment of the

vi deos. Si,qg@,'ﬁghgp/lﬁmsq*@rgg?,i"ﬁgm may not be accurate and are sel dom set
precisely by users (or in the worst case never set at all), alignnment based

on timdstanps is typically approximate. After initial alignnment based on

ti mest anps,j f n correl atiqn of featur ased an.anal ysis of
the. audi o 1 el w8 v SRRGS Bt P Giroef St R BB LS v
recor di ng badatbdh Gns cokient af theit 4lRio GatRs aberBihaybadditibemeadfomaiiohur t her
away fromthe subject and source of the common audi o than others. This can

resul t in %@t §A0 serw-as hEds & tha aligemente al i gnnent of the visual

10  Devices capable of recording video have built-in clocks, and the video files
they create include absolute timestamps. In cases where multiple videos from
a single event are being aligned, the timestamps may be used to compute a
first guess at the relative time alignment of the videos. Since clocks on
devices may not be accurate and are seldom set precisely by users (or in the

15  worst case never set at all), alignment based on timestamps is typically
approximate. After initial alignment based on timestamps is performed, cross-
correlation of features based on analysis of the audio tracks may be used to

give more precise alignment.

20 In some live recording situations, certain video cameras may be positioned
much further away from the subject and source of the common audio than
others. This can result in slight inaccuracies in the time alignment of the visual
if the alignment is done on the basis of audio alone. Suppose one video
camera is 5 m away from the subject, and another is 20 m away. Sound '

25 travels at roughly 350 m/s, so if the two cameras are capturing audio from the
subject using microphones attached to the cameras, the camera that's closer
will record the sound about 43 ms earlier than the camera that's farther away.
Light travels much faster (~1 billion km/h) — for our purposes, effectively
instantly compared to sound. So if videos from the two cameras are

30 synchronized on the basis of the audio, the video content will be out of sync



if the alignnment is done on the basis of audio al one. Suppose one video
canera is 5 maway fromthe subject, and another is 20 m away. Sound
travel s avor0uWgeBy75350 nfs, so if the two caneras are c&FTHG2oN/08@4d2 0 from
t he subj ect using mcrophones attached to the caneras, the canera that's
closer will record the sound about 43 ns earlier than the canera that's
farther away. Light travels nmuch faster (~1 billion knmih) - for our

pur poses, effectively instantly conpar#gl to sound. So if videos fromthe
two caneras are synchroni zed on the basis of the audio, the video content
will be out of syncby 43 ns, nore than the duration of one franme at typical
frame rates. To address this, after synchroni zing videos based on their

audi 0 LT ackp430R8 Mok Hafthé Akt SERIRANS ATRiLallPinbiardl ger of a | ew

frames) adjustnments to the alignnen ased on tures obtalned through
anal ysi s ofddriess ithigeaffermynchscaimihg videostiasediatetheirsautiotragks,aneock concert,

there may be t echni Qr. oth sudden .cha s in lightjng that, would be
easily s_ee%O‘f'ﬁ%{Oﬁ&ﬁﬁ%%@%E}%kC W%L(%@we&rd%gpﬁﬁ?w ifran%e%aeﬁﬁqsg@_en?s to

Al ter nat i vigleyalighfndrit baséadof fealurés oBivedigfoligh bRBlyYREST the iU ELkY
fine-tune the timng for each camera after the autonmatic synchronization
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production given I"”deo C i's one

possihbl 3 ewiihrmiy]gﬂ tiod rristitfps cé?faraﬁdb\lié}aaﬁ\mlﬁiaﬁ'« ihterfade &tﬁebgm@\lided\mle dgci de
on the duration for a rticular segnent in the output production, In Step
1002, ve clisosseriamanualy figertine the, iR faraachicemsrariftesithe fetaBalice vi deo

clips; th ' il heBMNd ti me-range of the required
segnent . ﬁyﬁgﬂgm%%ﬂbdfd% s(?eereécrtégJ vk?\%\ggé%éﬁlég' I's attached to the video
under ®onstruction.

Method for constructing given at least two clips

Fig.10 is a flowchart for a method for constructing an output production given
at least two time-alighed source video clips. It is one passible expansion of

15  Steps 106 and 108 in Fig.1. In Step 1001, we decide on the duration for a
particular segment in the output production. In Step 1002, we choose material
to fill that segment from one of the source video clips; that video clip must
entirely cover the time-range of the required segment. In Step 1003, the
selected video clip is attached to the video under construction.

20
We repeat the process of deciding on a segment duration, and selecting
material to fill the segment from the time-aligned source video clips until the
desired output production duration is reached. Note that one this repetition
can be performed in various ways within the scope of the invention. For

25  example, the embodiment could iterate either over all the steps of Fig.10 (i.e.
perform the set of steps 1001 to 1003 multiple times successively, so that in
effect step 106 of Fig. 1 is not completed before step 108 is begun) or over
each individual step. For example, we could compute all the segment
durations first (i.e. perform step 1001 multiple times), and then proceed with

30 selecting material to fill those segments (i.e. perform step 1002 multiple times,



W repeat the process of deciding on a segnent duration, and sel ecting
material to fill the segnent fromthe tine-aligned source video clips unti
t he desi r¥@ 201/Q98t7Spr oducti on duration is reached. NotePCRSG2HBO09472 s
repetition can be performed in various ways within the scope of the

i nvention. For exanple, the enbodinent could iterate either over all the
steps of Fig. 10 (i.e. performthe set of steps 1001 to 1003 nultiple tines
successively, so that in effect step 126 of Fig. 1.is not conpleted before
step 108 is begun) or over each individual step. For exanple, we could
conmpute all the segnent -durations first (i.e. performstep 1001 nultiple

tinmes), and then proceed with selecting material to fill those segnents
(i.e. pertigsmbyicompléfiy Blebt108 6f Figmas, driteheRYatterhetdedtetite bgdiferof Fi Q.
1) , and then attachthemsg ment s tgo Zther (i.e. perf orer%\step %3 mul tiple

times, thérr%ﬂgerf%m@emw%mblp@tsm@s thegeby perfarmingriiep V@Byof Fig Qoul d

oot et G el TSPl By R R BB T e 111 e

al | al i gneldiratiort isecos@petedonmon audi o tracks, it's quite likely that there
are sorre particul ar shots that are especi aIIy desirable to include in the
out put®production, and others that are of poor quality or otherw se

undesi rabll_ﬁ ﬁn h?é? *Eﬂ&ggngvm ded if at all possible. It's possible for
such deci si ns to e automatically to sone degree. For exanple, there

are wel | - known techni ques to anal yze video and det ect whether it's solid
bl ack or of focus n th res alysis, it wuld be
straightf Wbﬁ? W%W%@cﬂradﬂ 'gBitee‘ﬂ&?ngr ﬁ%}!g&éﬁ ithe SAM& he out put
product i oRommon audio tracks, it's qurte Ilkely that there are some particular shots that
10  are especially desirable to include in the output production, and others that
are of poor quality or otherwise undesirable and should be avoided if at all -
possible.

It's possible for such decisions to be made automatically to some degree. Far

15 example, there are well-known techniques to analyze video and detect
whether it’s solid black or out of focus. Given the results of such analysis, it
would be straightforward to avoid using such objectively bad material in the
output production.

20 In other cases, however, it's nearly impossible to automatically make all the
appropriate editing decisions, as the decisions may depend on a deeper
semantic understanding of the content. Consider for example, the scenario
with multiple cameras capturing a performance of a band as shown in Fig.6.
Suppose one of the band members is a guitarist. When the guitarist is playing

25 a solo, it would be desirable to switch to whichever camera angle shows him
best. Conversely, if the. guitarist is playing a relatively uninteresting

| accompanying rhythm part, it's probably best to avoid using a camera angle
that puts undue focus on the guitarist.



In other cases, however, it's nearly inpossible to automatically nake al
the appropriate editing decisions, as the decisions may depend on a deeper
semant i ¢ WAQerEw8AIi ng of the content. Consider for exaRpI8G20BHEGENari o
with nmultiple canmeras capturing a performance of a band as shown in Fig. 6.
Suppose one of the band nmenbers is a guitarist. When the guitarist is
playing a solo, it would be desirable to swtch to whichever canera angle
shows hi m best. Conversely, if the. gwdarist is playing a relatively

uni nteresting acconpanying rhythmpart, it's probably best to avoid using a
canera angle that puts undue focus on the guitarist.Mking such qualitative
editing decisions is nearly inpossible to do automatically, but can be done
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hi ghlights ("nust include usi ons not 1nc Fig.11is
a variant aftfomagcallyouthsan b@fdcﬁlegqmtmamlwbwhawdga m&rlmaltkamarta‘ ofatheowi ng

set of vi dBUEYHsS Ce MR SRl et Lo orclisiohs G raitaihi ng audi o
tracks is mclqueT)ed In the second step 1104, these video clips are

time-aligned using simlarities in their audio tracks as described above.
In the®hird step 1105, the user is given the option of marking highlights
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10 similarities in their audio tracks as described above. in the third step 1105, the
user is given the option of marking highlights and/or exclusions on any of the
video clips (for example via a user interface such as that shown in Fig.12). In
the fourth step 1106, segments are automatically selected from one or more
video clips. In the final step 1108, an output video is created by cohcatenaﬂng
15 the selected video segments while preserving their synchronization relative to

the common audio track.

Fig.12 shows part of a possible user interface for indicating highlights and

exclusions in multiple time-aligned video clips. Several source video clips (e.g.
20 1202) are shown time-aligned with the common audio track 1201.

By clicking on a video clip using the mouse pointer 1221 and clicking the play

button 1224, the user can view any of the source video clips on a preview

screen.

25  The user can select any portion of a video clip by clicking and dragging using
the mouse pointer 1221. The user can mark a selection as a highlight by
clicking the highlight button 1222. The user can mark a selection as an
exclusion by clicking the exclude button 1223. Highlights and exclusions can

be indicated in the user interface via shading, colouring, and/or an icon, for



exclusions in nultiple tinme-aligned video clips. Several source video clips
(e.g. 1202) are shown tinme-aligned with the conmmon audio track 1201 . By
clicking Q28106686 clip using the nouse pointer 1221 aRa@TSIG2¢U8100¢472 he pl ay
button 1224, the user can view any of the source video clips on a preview
screen. The user can select any portion of a video clip by clicking and
draggi ng using the nouse pointer 1221 . The user can mark a selection as a
hi ghl i ght by clicking the highlight bugton 1222. The user can nmark a

sel ection as an exclusion by clicking the exclude button 1223. Hi ghlights
and exclusions can be indicated in the user interface via shading,
colouring, and/or an icon, forexanple a thunbs up icon for a highlight

1212, and éﬂMﬂBﬁaQﬁﬁﬁn Olip Ibrest UL AR ' a video clip
Is marked as a hig |dﬁt,pportioﬁ?ﬁgﬁ&gﬁﬁéﬁQV%h%gm%Ppggbyﬁgpp%glI Wi t hin
the time rexgjasiof 1218. hi ghlight wi'll definitely not appear in the
production (unless the output production shows nmultiple video sources

simultaneously in a split screen view, which is not the case for typical

vi deo pr odieiyqitstion dhavidert &ip ialmarkebiRg th@'ngﬁﬂh'ggﬁidn% dfrbtﬁ'%rf\ﬁ&éo excl uded.
This can be indicated in the user interface by shading the effected
porti orfs oflinsigatfallpeithin dhe Bxenieinge oftha highligbhwilirdefipielytrottappgat iruse case,

further us | A re lrable. A.few.of these features
are bri et §edSaAEGERreS et BRSRE T SERe NP R i 0 R8s y T ecor ded
reference sintilianeoasly if assplit sorsehalied, whichie nee i ¢akrt fod fypitadidEy i n
Fig.3), a feature can be provided to the user to choose the audio track of

one of t hePiAdhiGHOR$)ddhus inaigrialinithe otkareliph dvinaeftrcs exelygrd. This can be
indicated in the user interface by shading the effected portions of the clips, for

10  example 1211.

Depending on the target use case, further user interface features may be
desirable. A few of these features are briefly described here:
+ |n cases where there is no separately recorded reference audio track

15 (as illustrated in the construction diagram in Fig.3), a feature can be
provided to the user to choose the audio track of one of the input video
files as the reference audio track.

e Rather than specifying highlights and exclusions in a user interface that
shows all the video clips at once, the user interface éan allow the user

20 to display and specify highlights and exclusions on one video file at a
time. Alternatively, if the video files contain multiple shots, these can
automatically be split into individual shots, and the user interface can
allow the user to display and specify highlights and exclusions one shot
at a time.

25 * In some cases the alignment for the video clips with respect to the
reference audio track may be.ambiguous. For example, a band
creating a music video for a song may shoot many takes each covering
only short parts of the song. Those parts may sound very similar to
other parts, e.g. in a typical pop song, the “chorus” is repeated several

30 times, and all instances of the chorus sound very similar. In such



Rat her than specifying highlights and exclusions in a user interface that
shows all the video clips at once, the user interface can allow the user to
di spl ay WO 28péwsBf7y hi ghl i ght s and excl usi ons on one vi @€d/SG2008/089472 t i ne.
Alternatively, if the video files contain multiple shots, these can
automatically be split into individual shots, and the user interface can
allow the user to display and specify highlights and excl usions one shot at
atime. |In sone cases the alignnent f62 the video clips with respect to
the reference audio track may be. anbi guous. For exanple, a band creating a
nmusi ¢ video for a song may shoot nmany takes each covering only short parts
of the song. Those parts nmay sound very simlar to other parts, e.g. in a

Lypical pop sonGasddi@eleimbificstictfip eROALIBAKRIAL nidyBRist 3R Wdr 1 nstances
I n” SsuchcaSes

of the chorus sound very simlar. , several alnost equally good
al i gnments may edace q@ebapsevided svitrameananlibeing i Wkt toidray theans

|l owing th e , i lips. f d d ds in tinet
change The ti rolleD SRS RivaiSs hd R ks i ih EnaRoe AT 0t ho near est
l'i kel'y automati akdrinfentebessiblyednappiagmey alignFéntrteftre eRefedtYdbly track may

be Ion%gr than the desired output production. This is not likel'y if the
ref ereffce audi odviomaticady-gdefprained gligementidi o track, for exanple a pop song

froma CD or ,mp ' I 1 | hf dig.track fro ne of the
video clips i’s ?ngggﬁr%rzce%lﬁté&@et@gﬁhég b@rléﬁ%r"’ﬂﬁgngméﬁ%sgﬁgﬁu es, a user
interface featupsmduetibhi Thishenoeliielgidee asfdrehde addiottickhg agssi red duration
can be provided. Fig. 13 is a construction diagramillustrating the
creation of an m&gd audio track, for example a pop song from a CD or mp3, but is
quite likely if the audio track from one of the video clips is chosen as
10 the reference track. To cover such cases, a user interface feature to

trim the reference audio track to the desired duration can be provided.

Fig.13 is a construction diagram illustrating the creation of an output
praduction from multiple video clips that are aligned to a reference audio
15 track, and for which the user has marked some parts as highlights or

exclusions.

Several input video clips 1351, 1352, 1353, 1354 are aligned to a reference
audio track 1350. Video clips may cover the entire duration of the reference

20  audio track, as is the case for clips 1351 and 1352, or they may cover only
part of the duration, as is the case for clips 1353 and 1354.

A portion 1361 of one of the video clips is marked as a highlight, meaning it
must be included in the output production. A portion 1366 of clip 1354 is
25 marked as an exclusion, meaning it must not appear in the output production.

Using audio analysis methods such as those described, salient instants 1340,
1341, 1343, 1344 in the reference audio track are identified. In the case of
music, salient instants would typically be strong beats. Many methods for

30 detecting beats are described in the literature, for example in GB2380599.



production fromnultiple video clips that are aligned to a reference audio
track, and for which the user has marked sone parts as highlights or

excl usi or§0 288N8HP | nput video clips 1351 , 1352, 1353PCI®&2008/080432 1 gned
to a reference audio track 1350. Video clips nay cover the entire duration
of the reference audio track, as is the case for clips 1351 and 1352, or
they may cover only part of- the duration, as is the case for clips 1353 and
1354. A portion 1361 of one of the videp clips is marked as a highlight,
meaning it must be included in the output production. A portion 1366 of
clip 1354 is marked as an exclusion, neaning it nust not appear in the

out put production. Using audi o anal ysis nmethods such as those descri bed,
salient instants 1340, 1341 , 1343, 1344 in the reference audio track are
identified. In the case of nusic, salient instants would typically be

strong beabsgmihtsyofithe tinpldt Video dipsearts mdohaditaliyackostasiordrbatd the ideo
literature, for,exanple in 2380599. Segnents. of the input video clips are
aut omat i caP?y OEH}?s%LﬁBEﬁp@Fé’éGEE@%éU% a yptgﬁfmﬁ h‘gHEQ'_Hd H_EFtIU d®Rtion in
such a wayekdigdioh Rend Wstld, ahH denidis wiiffland BRA%tthe ShRthtlifsiBRts ifsed.  and
segnents start and end at the salient instants in the reference audio
track. SBegtheniefelaneg rudio thesk. fegmdend dusations may adso bedeternired by val ue
cycling or, | Le | ness. Jor ex e, t out pu oducti on
gt nt ePRGEReSH PE el R o] 4eRT e o R 8Re Sesst FBx 2Bl BhFps i
hi gh- ener gyuipat picelustion ntibRt ivesTgut @abrhélpgapidsbeznvdiferns suniee | onger
during soft portions. The highlight 1361 appears as part of segnment 1371 .
Segrment 13Yidep $lips Kyaightangioy pertiangfiteesong, and livger @n aach ¥ideRosen to

correspond | d | lnstant 1340 in the reference audio
track. As %&?rggllj t 5@%'%&@&@%@ 1,
10

The highlight 1361 appears as part of segment 1371. Segment 1371 is longer
than the highlight as its end time is chosen to correspond to a musically
salient instant 1340 in the reference audio track. As a result of highlight 1361,
bortion 1362 of clip 1352 is efféctively excluded (even though it has not been

15 explicitly marked as exciuded by the user). Various other segments 1363,
1364, 1365, 1366 of the input video clips are used to create further segments
1373, 1374, 1375, 1376 of the output production.

In order to make a more interesting production, it may be desirable to use

20  video transitions in the output production, as opposed to simply concatena’ting .
segments with cuts, as shown for example with the dissolve 1380 between
segments 1374 and 1375 during time Tx. A variety of methods exist to
automatically choose transitions and their durations, including choosing on the
basis of value-cycling and/or music loudness, as described in GB2380599.

25  For example, the duration of the dissolve 1380 might be determined by the
music loudness at the time 1342, usually at or near the mid point of the

- transition. Longer transitions during soft music and shorter transitions during

high energy portions of music are considered to be effective in maintaining a

strong correlation between the edited visual and its audio track.
30



portion 1362 of clip 1352 is effectively excluded (even though it has not
been explicitly marked as excluded by the user). Various other segnents
1363, 136%0 208868178366 of the input video clips are use®CTSGEHSAVE7E urt her
segnents 1373, 1374, 1375, 1376 of the output production. In order to nake
a nore interesting production, it nmay be desirable to use video transitions
in the output production, as opposed to sinply concatenating segnents with
cuts, as shown for exanple with the di3olve 1380 between segnents 1374 and
1375 during tinme Tx. A variety of nmethods exist to . automatically choose
transitions and their durations, including choosing on the basis of

val ue-cycling and/or nusic |oudness, as described in GB2380599. For

exanpl e, -t Shapdihyo0r BlstiiRrdine ol 18 oBAIbOING iREUIRISS Meadd Uggqthe musi c
1y n d t he

| oudness at the tirne 1342, usua at or near the md point of

transi ti orin the aytaut pregiyitioncianygivery tiswf tapansremahuaingtbe thariodrBgsi t i ons
during high ot i_ons [.c.are considered to be.effective in

mai nt ai ni ﬂéoggg%r?ﬁr‘{golg%ﬁ?% %?%85&@&%@ a %%u@HfP@ﬁM?ﬁgﬂ%fn \ghlfl: its audio
track. For raatepial frotrymedtiple ingsit viidodiles aPpEhl sidhBiltaAbyusipéh af'spiie i nput
video files is used in the output production at any given tinme (apart from
duri ngSt heSGReM 0#eWx) . However, it would al so be possible to create out put
productions in which material frommultiple input video files appears
simultaneously in a "split screen” view Selection of Material from I nput
Vi deo C i Belestiehl ofdlaterial fsomi Inpdt Midee Cligser e nay be nore than one

possi ble way that material fromthe input video clips can be selected to
fill the segnents in the output production. For exanple, with reference to

glr gducz:t | Oﬁpsﬂo%m%\i}%rc{@griéég %ﬁ?ggl‘gﬁ% 294 nicte tHSPENE PosBBICWERHhat

10 material from the input video clips can be selected to fill the segments in the
output production. For example, with reference to Fig. 2, a segment 203 from
video clip 204 is.used in the output production. However, a segment could
instead have been taken from any other video clip that covers the same time
range as 203, for example video clip 202.

15
If the user has specified highlights and exclusion, for example through a user
interface as illustrated in Fig.13, the number of possibie ways to select video
segments from the input video clips is likely to be reduced. However there
may still be multiple possible ways for selected segments from the input video

20  clips.

At times for which no highlight is specified b); the user, the system will
automatically select video from one or more of the input clips. Various
algorithms and heuristics may be used:

25 e Switch randomly. For each successive segment, use material from a
different clip chosen randomly from those clips that cover the required
time range for the clip. (

¢ Round robin. For each successive segment in the output, use material
from the next available video clip. For example, if there are three clips

30 (clip 1, clip 2 and clip 3), all of which cover the entire duration of the



I nstead have been taken fromany other video clip that covers the sane tine
range as 203, for exanple video clip 202. If the user has specified
hi ghl i ghtwoan/gSusi on, for exanple through a user i nPETS&2eI8480472
illustrated in Fig. 13, the nunber of possible ways to sel ect video
segnents fromthe input video clips is likely to be reduced. However there

may still be multiple possible ways for sel ected segnents fromthe input
video clips. At times for which no higsbight is specified by the user, the
systemw || automatically select video fromone or nore of the input clips.

Various algorithnms and heuristics may be used: Swtch randomy. For each
successi ve segnent, use material froma different clip chosen randomy from

those clips t hauipayiockitfon WHeose bt A0GEcIRLid ol dip 1, Jfgund robin.

For each successive segnent in the output, use material f next
avai | abl e vi decard ciip 3Fkhendgeprphek ta tliphere are three clips (clip 1, clip 2
and clip 3), all of which cover the entire duration Ef t heout put

product i on, &hodSe daRENIsEURIEsS Q SoRPeS dnit VeFYQNILASEnd clip 3,
then | oop back ther&hidy He onéJ%an@rQE@ét’stWpHthﬁﬁéd % Béf l&h%%e?é?f@gié%led- I'n

the Live-Event case, there may be one canera that's we posi t to get
an overal | gl obdewaidhe entitehevenit for exampie a damneraxzngiticnesl faaeaougposi ti oned

sel eoting mat or A PO 7 HEUB b 3o 0 B PSR EB P BT Eer use oot age
from that gl obadelstivg matdres $ort thereitputeprotablic 9bbul@beatovaldags elskp from one
of the other caneras. ) ]
footage from that global view, unless there’s a highlight on a video clip
from one of the other cameras.
10 o Cut o loudest. For any given output segment, use material from the
video clip whose audio track is loudest over the time range of that
segment. If the event was a panel discussion, and there was a camera
(with microphone) close to each of the panellists, this heuristic would
automatically cut to whichever camera is pointing at whoever is
15 currently speaking.
¢ Bias selection based on features of the video. Depending on the
subject matter of the video, it may be desirable to cut to a particular
camera / input clip based on easily detectable features in the video -
brightness, presence of faces, and amount of motioh or camera shake.
20 Features in the user interface could allow the user to specify selection
biases based on these features. This would, for exampile, allow the
user to bias selection for each segment towards bright non-shaky

content with faces.
25 Templates

If the reference audio track is pre-recorded, as opposed to being taken from
one of the video files, and if it's expected that multiple productions will be
made using that same reference audio, it may be desirable to create a

30 template specifying aspects of the production such as segment duration,



Cut to |oudest. For any given output segnent, use material fromthe video
clip whose audio track is |oudest over the tinme range of that segnent. |f
t he eventWO2810406pHAel di scussi on, and there was a caner CRGRO8MPEDphone)
close to each of the panellists, this heuristic would automatically cut to
whi chever canmera is pointing at whoever is currently speaking. Bias

sel ecti on based on features of the video. Depending on the subject matter
of the video, it may be desirable to cg$ to a particular camera / input
clip based on easily detectable features in the video - brightness,
presence of faces, and amount of notion or canera shake. Features in the
user interface could allow the user to specify selection biases based on

these featysRSitiodd 'a‘ﬁd"%féc‘?s Aredr £@m®n3§(eraédgﬁ¥f% Qﬁielbs\ﬁﬁ? ggae,%tfgr%eggl ection

for each segnent t owa bri ght y C rrpl ates If
t he refereﬂ@@oémﬁkosegmem&fsorprthemeosdppl;eda\ﬂde@pbpsd/oum bei ng taken from
one of the_vi defﬁﬁﬁhl es, and I e, productions w |

be made usPHgM %gﬁeméﬁgtoéﬂ%téc ?@(fgq@l;gr%ggﬁgéé ghisdnde create a

tenpl ate sgesplhty. ng aspects of the productlon such as segment
duration,transitions, and effects. After aligning user-supplied video wth
t he ref5erence audi o track segnents fromthe user-supplied video clips

segnents [ nEpE I%%L%ﬁo R BREY; SPEME s Lo tRl Gt s B o < &
pre- exi st i sgngnibé cemp@e@cmd mham spedfy thbesdregrkeahremouf thefdliththier specify

that sone se nts of the output
production consist of material drawn from the pre-existing music video.

10  Styles

Various aspects of the production may be influenced by a user-specified
choice of editing “style”, as described in GB2380599. Aspects of the
production that may be effected by a style include preferred segment duration;
15 duration and types of transitions; and types of effects to be applied in the
output production. Effects could including global effects applied for the entire
duration of the production (for example, a grey-scale or other colouration
effect); segment-level effects applied on individual segments of the
production; and music-triggered effects such as zooms or flashes triggered on
20 strong beats of the music.

The invention may be implemented as software running on a general purpose

computer, such as a server or a personal computer. For example, it can be

performed on a HP Compaq personal computer with a dx2700 tower and the
25  Windows XP Professional operating system.

The computer may perform the invention by operating program instructions
which is receives as part of a computer program product which may be either
a signal (e.g. an electric or optical signal transmitted over the internet) or

30 recordedona tangible recording medium such as a CD-ROM. The output



production consist of material drawn fromthe pre-existing nusic video.
Styles Various aspects of the production may be influenced by a

user - specwpizet/wBobce of editing "style", as described PATSB2G808092
Aspects of the production that may be.effected by a style include preferred
segnent duration; duration and types of transitions; and types of effects
to be applied in the output production. Effects could including global
effects applied for the entire durati o3v of the production (for exanple, a
grey-scal e or other colouration effect); segnent-level effects applied on

i ndi vi dual segnents of the production; and nusic-triggered effects such as
zoons or flashes triggered on strong beats of the nusic. The invention nmay
be i npl emestbadctish Sk SIRNISHY BERMEnAfle®adNEHAM HYRORREHBUES! . such as a
server or a personal "conputer. For exanple, it can be perfornmed on a HP
Conpaq perBOWal computer with a dx2700 tower and the W ndows XP

Pr of essi onal operating system The conputer may performthe invention by
operating programinstructions which is receives as part of a conputer

program prfsirmivkiuedmERy’ &eusid ethidSdugnent refer@-toprelcess sich WhicAPt i cal
signal transmtted over the internet) or recorded on a tangi ble recording

medi umPsudh cagied e momcomputepiegranodthaut seeking &imakiagiusepy huraazni t t ed
i Th " aut iLc" in thi
Gocument rapErAUTEPARTHGBESsTNGy B BBl RRELE BB IR o °

pr ogr am wiihiiatdd sy ekiurgaorantiaygonssrisef pavamsteranpattbydihe ignamén process
st ep. That%[is, t he autonati rocess step Haé‘d'be ipitiated by a human, and
may conpr i ¥¥3H5F @ PEOGESS N5iNG ifiatadelbit tRetRipdiR BUBANIRIBPHEBEs bei ng

ini tiated,qlhHg HeSgerhiomer the B cksy glapement
10
Although only a single embodiment of the invention has been described
above, many modifications are possible within the scope of the invention as .

defined by the claims.



during the operation of the process step. Al though only a single enbodi nent
of the invention has been described above, nmany nodifications are possible
Wi t hin t WOBWESS t he i nvention as defined by the cl aiPGE/SG2ei8980472 A
conput er -i npl enent ed net hod for producing a video production incorporating
an out put audio track and an output video track, the nethod conprising the
steps of: (a) obtaining a plurality of input video clips, each conprising a
respective input video track and input3&udio track, said input audio track
and input video track having a predefined tenmporal correspondence; ' (b)
obtaining a reference audio track; (c) for each of said input video clips,
establishing a respective first tenporal mappi ng between the respective

i nput audi @igihack of the input video clip and the reference audio track by
maxi m si ng-a neasure of correlation of the respective input audio track
with the reference audio track, the first tenporal mapping and said

ot ng. belvieork CRmR P ERINEBaH o r Hritctd AR PIGWRRRRLE video
track of tiRgogRFAtasPan utitltiat|is tridkdgad @hl RitpldidéPtraeRtheFhethoder i es of

sections of the reference audio track, selecting one or nore of the input
vi deo t& ackmpagsiagd te staps Qtfégments of the one or nore selected input video

Lok o0 2 G SREaPG SRS o FRARSIet B kbR Abrp €1 oL, e
audi o tr acfespadtive inpeit okdeodracikairel ihpapaddioracke saiddnpermatiaktrackpidngs; and
input video track havihg a predefined temporal correspondence;

(b) obtaining a reference audio track;

10 (c) for each of said input video clips, establishing a respective first
temporal mapping between the respective input audio track of the input video
clip and the reference audio track by maximising a measure of correlation of
the respective input audio track with the reference audio track, the first
temporal mapping and said predefined temporal correspondence determining

15  arespective second temporal mapping between the reference audio track and
the respective input video track of the corresponding input video clip;

(d) for each of a series of sections of the reference audio track,
selecting one or more of the input video tracks, and forming segments of the
one or more selected input video tracks which are the one or more respective

20 portions of the one or more selected input video tracks corresponding fo the
section of the reference audio track under the one or more respective second
temporal mappings; and

(e) combining the segments to produce the output video track having a
temporal correspondence to the reference audio track, each segment having

25 atemporal position in the output video track according to said corresponding
second temporal mapping, the output audio track of the video production

being the reference audio track.



(e) conbining the segnents to produce the output video track having a
tenporal correspondence to the reference audi o track, each segnent having a
t enpor al WOL1WWRI7SNn t he out put video track accordi ng t @CTHGAVBHPI4ESpondi ng
second tenporal mapping, the output audio track of the video production
being the reference audio track.2 . A conputer-inplenented nmethod accordi ng
toclaim1 in which said reference audio track is a pre-existing audio
track, and said step (b) includes recetwving the reference audio track. 3 .
A conputer-inplemented nmethod according to claim1l in which said reference
audio track is the input audio track of one of the input video clips. 4. A
conput er -i npl enent ed net hod according to claim1 in which step (b)

COMpri Ses LONStA e6hplitbrimiofrh BARIFAAEHAULAANLE Fint PTP LRI ART LT ons. of
the respective input audio tracks of a plurality of said input video clips.
5 . A conpafesencerpudiograckds @epiesekisiing addiograak, ang spicestegi (byindiedes i n whi ch
said step ..of conbi ni he. sel ected segnents further includes conbining
at | east a(‘(’g%'k’ﬁg&ﬁed?#eée@‘%eé‘é‘i‘P?‘ﬁ‘ video track having a pre-existing
tenporal relationship to said reference audio track, whereby said output

video track includes the portion of the pre-existing video track at a
t enpor @l posi t idROASUETIMRRMBDteshmethathaesaitingdd alaiant fin whidh said

conput er - i | Halo n e i n iynin which said
tep (a) TErpEaaBdeEAC SR EUE AR Bafl Y EhERERAReRt Y% kT, “Tne
indication including at |east one of: an indication that at |east one of
said video clips is to he ?elected during a specified section of said

reference "auqi ¢ crapKteriAplementcd wethoshassepsdingtio clalm T dmwhish sfepdb) nput
video cli RenhsidtdtcdridtrBting said reference audio track by combining portions of

10 the respective input audio tracks of a plurality of said input video clips.

5. A computer-implemented method according to any preceding claim in
which said step (e) of combining the selected segments further includes
combining at least a portion of a pre-existing video track having a pre-existing
15 temporal relationship to said reference audio track, whereby said output video
track includes the portion of the pre-existing video track at 'a temporal position

determined by said temporal relationship.

6. A computer-implemented method according to any preceding claim in
20  which said step (d) is performed according to indications specified by a user,
the indication including at least one of:
an indication that at least one of said video clips is to be selected
during a specified section of said reference audio track; and
an indication that at least one of said input video clips is not to be

25  selected during a specified section of the reference audio track.

7. A computer-implemented method according to any preceding claim in
which said step (d) comprises, for each said section of the reference audio
track, determining a property of the each of input audio tracks during the

30 portion of input audio tracks cbrresponding under said first mapping to the



sel ected during a specified section of the reference audio track. 7. A
conput er-i npl enent ed net hod according to any preceding claimin which said
step (d) wWOrprv/es8ys for each said section of the refereR€CES&GRAABHUTACK,
determ ning a property of the each of input audio tracks during the portion
of input audio tracks correspondi ng under said first mapping to thesection
of the reference audio track, and selecting the input video track which
corresponds to the input audio track fe@ which said determ ned property is
greatest. 8. A conputer-inplenmented nethod according to any preceding claim
in which a graphic user interface is presented to the user, the graphical
user interface conprising a representation of each of the input video clips

having a sqadioalof Bes FrbRIMCH dUdié %EE,CémI‘J %e%%tiﬁggﬁe gf‘p‘?fl\%ﬁf‘e%ttir{&

o a WhiZh

eterm néd based on said second tenporal nappi conmput er -1 npl enent ed
met hod acceartrspynds tethd inp8it andiaHragk fanevhicit safdadeterminegdesrapéentgid o recei ve
an instruc%%gqéromthe user to alter the second tenporal mappings. 10. A
conput er - i nt ed met hod according to any preceding claimin which said
step (c¢) includes maxi m sing said neasure of correlation with respect to a
time warpi ng between the respective input audio track and the reference
audi o track. 11A campsigrdimpiemepiachmgtieed aecordingitocanypregedingaeiginpirecedi ng

claimin i f A Ldeo i i pcl ude tinme stanp
chatm 0 YR 285cRle N nele3a ot GLLPR BELHTR LLgF, Starh
gener at i nginterfaRpRromprising atrepreseatatiapel egctbet weanpstvides efigs Bagiagaudi o
track and. S%l@g re,s_gect,i ve i nput audio track based on said tine stanp data,
and refini$RA pgsition with respect to an axis representing time determined based on

said second temporal mapping.

10
9. A computer-implemented method according to claim 8 in which the
interface is operative to receive an instruction from the user to alter the

second temporal mappings.

15 10. A computer-implemented method according to any preceding claim in
which said step (c) includes maximising said measure of correlation with
respect to a time warping between the respective input audio track and the

reference audio track.

20  11. A computer-implemented method according to any preceding claim in
which one or more of said input video clips include time stamp data, and, for
said one or more input video clips, said step (c) includes generating an
approximate temporal mapping between said reference audio track and said
respective input audio track based on said time stamp data, and refining said

25  approximate temporal mapping by maximising said measure of correlation to
produce said first temporal mapping.

12. A computer system having a processor and software, the processor
being operative, when running the software, to perform a method according to

30  any preceding claim.



approxi mate tenporal mapping by maxi m sing said neasure of correlation to

produce said first tenporal mapping. 12. A conputer system having a

pr ocessorwandiigsstar e, the processor being operative, RAESG2UM00G2t he

software, to performa nethod according to any preceding claim113. A

conput er program product storing programinstructions operative, when run

by a processor, to performa nethod according to any of clains 1 to 11.
41

13. A computer program product storing program instructions operative,

when run by a processor, to perform a method according to any of claims 1 to
11.



