WO 02/ 052565 10 JUN 2005 PCT/ SGOO' 00197  System and Method for Media
Production Field of the invention 5 The invention rel ates geg%r ﬂ%\y qso
conputervgggﬁﬁﬁg'son of nmedia productions. In particular, the?’ nzp on
relates to autonhted or semi-automated editing of product i¥n<SGMRIdI ng
any one or nore of the follow ng nedia: notion video, still imges, nusic,
speech, sound effects, animted graphics and text. 10 Backaround of the
i nventi on Today, anal ogue nedia are gradual ly being repl amﬂ’ lmﬂﬂuwal
media. In the case of audio this transition has already } n
place, and it is well underway for inmnage, video, graphics anfi&®ti on and
other nmedia. As these nedig becone digital and the capability/cost ratio
of conputing resources cond¥YSReand ygthod teosdedinBipductions and 15 narkets for
digital nedia production are opening up. O particular relevance to this

i nvention dfieldefeliginventivar kets for casual nedia production and especially
casual video production, i.e. cases where the high cost of professional
vi deo prddutheiinyentinpueletep gensirailictol commser genetatibeofmedintprdducae@nthy, t he
cost of th SALY equi t . was too high., These include honme video
product i on%(ag?%ﬁb@eﬁ%\feﬁﬁ%ggﬁgﬁ%ﬁcﬁ“i ated pr§emizgyterpaiad pditing phproduetimsat e
uses (e.g. ihélhdihpahy eREBLRL ' RRfn byi l:dj socteties
and ot her organi gat?’ons, e???éﬂlt'ﬁﬂﬁ)éonce fﬁo A g'lggggl@@oep, é@@s a@ésp'ml{ﬁcdeo
product i on SREhesquadsifeetsranimated granhinsaud textbut wi despread adoption has
been hel d back by a nunber of problens. These include: 25 1. Probl ens of
technical infrastructure: inconvenience and | oss of quality when

di giti zithg Bec uhd ofithe imensdom, |imted hard di sk space, insufficient

pr ocessi ng . pover, etc. 30 2. The |lack of convenient, |ow cost distribution
nmechani sns: L 99AY: anajogue me gr;lagqqgradually being replaced by digital media. In the case of

audio this transition has already largely taken place, and it is well underway for image,

video, graphics animation and other media. As these media become digital and the
capability/cost ratio of computing resources continues to increase, new users and

15 markets for digital media production are opening up. Of particular relevance to this
invention are emerging markets for casual media production and especially casual
video production, i.e. cases where the ﬁigh cost of professional video production
would preclude its use and where, until recently, the cost of the necessary equipment
was too high. These include home video production (e. g. of holidays, weddings, etc),

20 some informal corporate uses (e.g. internal communications and team-building), use

by societies and other organizations, etc.

The concept of casual or "desktop" video production has existed for about a decade,

but widespread adoption has been held back by a number of problems. These include:

25
1. Problems of technical infrastructure: inconvenience and loss of quality when
digitizing video from a camera, limited hard disk space, insufficient processing
power, etc.
30 2. The lack of convenient, low-cost distribution mechanisms: until recently the

only widespread formats have been videotapes, but the cost and time involved in

duplication and distribution preclude many potential applications.
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only w despread formats have been vi deotapes, but the cost and tine
involved in duplication and distribution preclude many pot egtgi giN 2009

appl i cati\ng. < %go JUN 2005 WD 02/052565 PCT/ SGOQ 00197 2 3. The time and
experti se"POGITHEY to nake acceptabl e-quality productions, FCHSFOYUPAr Iy at
the stage of editing and "post-production”. 5 The first and second of these
probl ens are today di sappearing thanks to technol ogies such as DV caneras,
the |EEE 1394 ("Firewire") interface and video distribution on the
wor | d-wi de web. This invention attenpts to address the third problem

al l owi ng automated or sem - 10 automated editing of digital nedia,
particularly video. Today, the main tool used for editing video is the

" Non- Li near3.vi deGh&tineant egpertisirequifdttoanaltecacceptpblt 2ualityqgodusiond)i ch adopt

many par adi f.rom conventipnal. edifin met hods, such as filmcutting and
|i near, dubg%gf“flﬁaﬁah&eﬁﬁg?/f’ﬁ@gmﬂ%ﬂ@t r?é’gﬁpwgé‘?tl%ey 15 enpl oy manual |
nmet hods of editing which are well suited to scenarios where the user is
experienced and the desired result is a high-quality video production.

There aré nhbg/firsppedisasord of these problpme aratodayl disgppacing draaks tootetiAcddged nc.

and Mwvie fro e lnc, . [.S«a. considerabl e advgnce, op earlier
t echnol ogy, °% tasﬁﬁ'efgn?réﬁﬁ?%&dfd E’E%‘Hﬁ?i)dgte?}%cwdgﬁg?% isibytiopgnnot a
medi a pr of eggivigtRl-widenwahi ch professional quality is not essential, or in

which it is necessary to edit material very quickly. Even NLEs which claim
to be ained at non-professionals have a significant |earning curve and

require subsganti.al: ti ceptahl e oductions. It is.generally
accept ed tb}ﬁlrg? %}Nneﬁtl?/%?ca p tgéogge@g%gE%egtﬁlr%ﬂr&qﬁ%@i%gng BERPAEHEOISET i n or der
to creatle ongomatediediting of dightal mediaypatteulailyvideber words a ratio of 60:1 of
production time to playback duration. It is one of the goals of the

current invention to reduce this ratio dramatically through automation, to

the point Wh&as, .’.cHE A% A ASEBrP EAHERE HUeS 1§ BRUNA-R0 REady RaHEed: NLE,
These are computer programs which adopt many paradigms from conventional editing
methods such as film cutting and linear dub-editing using video tape machines. They
15 employ manual methods of editing which are well suited to scenarios where the user is
experienced and the desired result is a high-quality video production. There are many

products of this type including Premiere from Adobe Inc., and iMovie from Apple Inc.

The NLE is a considerable advance on earlier technology, yet there remain many
20  scenarios in which the user is not a media professional, in which professional quality
is not essential, or in which it is necessary to edit material very quickly. Even NLEs
which claim to be aimed at non-professionals have a significant learning curve and
require substantial time to produce acceptable productions. It is generally accepted
that in typical cases a user will have to spend one hour in order to create one minute of
25  output video, in other words a ratio of 60:1 of production time to playback duration.
It is one of the goals of the current invention to reduce this ratio dramatically through
automation, to the point where in some cases acceptable results can be produced

without any user intervention.

30 There also exist several tools which allow a user to create j)roductions involving the
real-time display of images and text synchronized to an audio track, These include

animation tools (e.g. Flash from Macromedia Inc.), slideshow tools (e.g. PowerPoint



W t hout any user intervention. 30 There al so exist several tools which
~allow a user to create productions involving the real-tine 1;65 |l a f

i mges angant nchroni zed to an audi o track. These incl ‘%ﬂ}%{l on
tool s (erkg.o ngéggs“ﬁyf rom Macronedia Inc.), slideshow tools (ieJeg/.sG o{)/ver oi nt
WO 02/ 052565 1 0 JUN 2005 PCT/SGOQ 00197 3 from M crosoft Inc.) and
authoring tools for streamng nedia (e. Real Player from Real Networks
Inc.). But once again, users often find that they need to spend hours in
order to produce a sinple production lasting a few mnutes. 5 Summary of
the I nventifomMicsosoftdea) amhawthoming toprfoy sttlanigymadid (egeRebiPaRRRfaHUS and

nmet hods for ratin ia prodyctions frominput nedia material. 10 In
general t er]ﬁ%ﬁ Kfﬁe%%o kS g%crﬁ"nﬁg‘ﬁ 9B peRBsIsersaften dindithatdhes need tp Spendihoars ino
construct agdefidtopdbducRaQeHSk : : ' es deriving a set of
medi a descri pfor éﬂ\/\/nl%ccﬁl C@S@:’PI ugﬁ?ﬁéﬁpﬁgg?&vﬁa ert?%I, either by analysis or
froman external source, or a conbination of the two. This is followed by a

conput er - based cons [y tion process which includes naking edit decisions
based ons(?s-wm%ét—%@ﬁmlgdescri ptors, and (ii) 15 style data, such as
user-generated style data, for defining the editing style. The input
mat eri al  maYhik Rolettien & 10 PEoVIde AW BndhschRllahPdtatik 489 medidds!for ?Pa?in st ¢,
speech, sound effects, animated graphics and text. 20 The set™ 0 meél a
descri pt or smagip Prrdustions feore iy medizimaterinlt or s which are pre- generated
(e.g. outside the apparatus of the invention) and inported, for exanple
together with the input material. The style data nmay be generated by a
pr ocess 1ohi Inrgeneral tedes; the inventioa popddes eiat indat MetesaNisRidatd fo endrsdtaghasti c
(probabilistic%t 0 rati%. The editjng may include any one or nore of the
fol | owi ng prBRYPIRUICHAY| Theproesss Helu eﬁ%@rﬂvln&t‘éww.ime% Hpters whichof
vi deo/ audi i i i | f i and
combi nat i ore e e el S P AR T o EAPRREHBL e

combination of the two. This is followed by a computer-based construction process

which includes making edit decisions based on (i) the set of media descriptors, and (ii)

15 style data, such as user-generated style data, for defining the editing style.

The input material may include any one or more of motion video, still images, music,

speech, sound effects, animated graphics and text.

20 The set of media descriptors may be supplemented by descriptors which are pre-
generated (e.g. outside the apparatus of the invention) and imported, for example

together with the input material.

The style data may be generated by a process which includes either or both of

25  deterministic and stochastic (probabilistic) operations.

The editing may include any one or more of the following processes applied to the

input material: segmentation (of video/audio), selective inclusion, sequencing,

transformation and combination. These processes may optionally be supplemented
30  with user intervention. This is supported at two stages: a pre-selection stage prior to

the automatic construction process and a touch-up stage after construction.



30 with user intervention. This is supported at two stages: a pre-selection
stage prior-to the automatic construction process and a tou‘gﬁl- %@geni"
after consbructi on. 1 0 JUN 2005 WD 02/052565 PCT/ SG00/ 0019

particul ay PY*3r8Perred feature of the invention is the abi PETSGIYOUPBduce
nmusi c- based productions in which the input material consists of a) notion

video material and/or a set of images, and b) recorded nusic. The system
anal yses both the video/inages and the frusic to create media descri ption
data for both, then uses this information to 5 create the out put

producti on, he St he nusic ypi cal
appl i cati ons ];%&Hﬁ grre féérnﬂ %léa‘r%l{l/rgn ?lgenl?l%ﬁlitﬁildlé ]?eh ‘lbﬁygaﬁﬁq USHIEIchased” and
ot her ti nepiodaetibnydninvhichahe IpIEmatiabesRists &MY rabhwisdo I%Ht\éhélodﬂa?{ﬁ
production of _sli deshog synchroni zed to nusi ¢, production of rich- msdl a

el ectronic @qté?étm%es esirBusiet 1 b systerranaluses bothibe Ndiemllumgvmxll tes,
production gf rﬁl!l (%‘fo”@gdt@nﬂma'd%?cn bq{a&gfé?%othpﬂf%g ?ég tﬁ% F}B'f ﬁ?lb di a

onli ne content ated to consu SUner s such as

onl i ne adct ¢reats thmdutpqusdlfatmd iafluerced oe deftrfined bithe FuRHLLS 6F Qlﬁ@inu&ﬁbdeo
applications such as the production of karaoke videos, etc. 15 T e
i nvention, which includes both nethod and appar at us aspects (| . appar at us

conpri si ng T?% ; GpbMEatioREPSthE Quﬁ?ﬂtflﬂvé&h%ﬂ‘?naﬁ@ﬁnﬁaﬁfrocﬁlgﬁo %.?)doggg

enbodied w various Kkinds of hardware 1nc ng gener
conput ers, @@ﬁd’@mﬂ medin forthimeg seipstatenirs] hoteyist ahwitbrvehen pftﬂlllubmélgoibox es,

set-top box ital, video recarder televisio ganes consol es,
digital sti ﬁ deé%ﬁgsr%%mhf&ﬂl&e‘gpg'r‘{l%w RFP%&SIO Sfgic sme%elsﬁtr@?w gwestng parden of
the dr awh ngsroBideei dTaRddse B WolR-HiaLSAdtsaBs %E&du‘éﬁéx%f BeinA8lSHa ter, for

t he sake of exarrple only with reference to the draw ngs, in ch: 25
Fig. 1 il catslagyss, Hﬁd@m@émf pehtmesiia emléne eontant r&iatetitmmmnﬂgtoacmﬁumef

i nter ConneC%a?& 8LH%¥039 E'L?Clh ag%gﬂ%ee gﬂctlfngan(? cllalssll 1€ rd%eglsser%gntgxs% e of the

operation o I ment
professional video applications such as the production of karaoke videos, etc.

15 The invention, which includes both method and apparatus aspects (i.e. apparatus
comprising respective means to perform the steps of the methods), may be embodied
within various kinds of hardware including general-purpose computers, persénal
digital assistants, dedicated video-editing boxes, set-top boxes, digital video recorders,
televisions, games consoles, digital still cameras, and digital video cameras.

20

Brief description of the drawings
Embodiment_s of the invention are described hereinafter, for the sake of example only,

with reference to the drawings, in which:

25 Fig. 1 illustrates an embodiment of the invention comprising a set of interconnected

functional modules;

Fig. 2 illustrates an example of the operation of the embodiment of fig. 1.

30  Fig. 3 illustrates schematically an operating principle of the embodiment of fi g 1l




30 Fig. 3 illustrates schematically an operating principle of the

enbodi nent of fig. 1. 1 0 JUN 2005 WD 02/052565 PCT/ SGOQ 00197y foy o0 4
shows the enbodi nent of fig. 1 searching input video material to gerlve a
sui t abl eVRBHERTS Fig. 5 is a flowchart illustrating | ogi PGHBICHEHSting a
vi deo segnent in the exanple of 5 fig. 4, such that the output production
preserves the order of segnents found irg the input material. Fig. 6 is a
flowchart illustrating logic for selecti'ng a video segnent in the exanple
of fig. 4, such that the output production does not preserve the order of

segnents f L i t rial.. but 1nstead selects.by simlarity
of the seg%?‘ Sgég,(s:lrttli%p%ngl%d\l/%%{eoﬁﬁﬁkﬁwg nipuft M5 ngt?nqlﬁp E}Erf\‘%all ng | ogic
used by t heuitableosbignent. of fig. 1 to calculate a sinmilarity neasure between

a set of candidate segnents and a 'target set of descriptor 15 val ues.
Fig. 8 illustrates the structure of a nedia scene graph which is generated

inthe e i i i i compl et e representati.on,.of the
f or m of tﬂg%gﬁgpo%?%gasﬁgﬁﬂglr&%y fégﬁ%g%{%@ as\gﬁe%@gm.? W@? PP 6f maki ng
t he out put figr4duch thanthe2tift grodiclidd pretdratethe arddrof begrsdmtPiodn@d thsui t abl e

for use in.th{a epb.opi ment of fig. 1 with three main user controls. Fig. 10
i |l ustrat e¥'PH FREIAL sinple QU suitable for use in the enbodinent of fig.
1 with 25 five main user controls. Fig. 11 illustrates an enbodi nent of

the invention which does not require user interaction in normal use. 30
Fig. 12 il Figs6trisne 8owalareilbiswatirtg lopicddr seletingiandde &ghiehuisutthaé;&dgﬂ@ ofig. 3,
specific tg the .creation o Si ¢- based productions. 10 JUN 2005
P ﬁg. , Such {hafattlme outpu% prrgéuct?on goes not preserve the order of segments found
10 in the input material, but instead selects by similarity of the segment descriptor

values.

Fig. 7 is a flowchart illustrating logic used by the embodiment of fig. 1 to calculate a
similarity measure between a set of candidate segments and a target set of descriptor

15 values.

Fig. 8 illustrates the structure of a media scene graph which is generated in the
embodiment of fig. 1 and which is a complete representation of the form of the output
production or a complete set of instructions for making the output production.

20 . .
Fig. 9 illustrates a first, simple GUI suitable for use in the embodiment of fig. 1with

three main user controls.

Fig. 10 illustrates a first, simple GUI suitable for use in the embodiment of fig. 1 with

25 five main user controls.

Fig. 11 illustrates an embodiment of the invention which does not require user

interaction in normal use.

30  Fig.12 illustrates an elaboration of the principle illustrated in fig. 3, specific to the

creation of music-based productions.



WD 02/ 052565 PCT/ SGOO/ 00197 6 Fig. 13 shows a feature of the enbodiment of
fig. 1 in which the sub-style sequence is nmatched in a one-e@gejun 2005 '

correspondence wi.th the macro-structure of a piece of nusic ig. 14 is a
flomharpﬂqw‘lfg%ati ng one way in the enbodi nent of fig. 1P¢T{§{%ﬁ)/(¥%97a sub-

5 style sequence can be matched automatically to the macro-structure of
input nusic. Fig. 15 illustrates a threshol ding nechani smfor conbining
edit preferences fromstyle information with edit hints derived froma
nmusi ¢ description in order to generate edit decisions. 10 Fig. 16 shows a

typical worghd |18WHEQK aFedtife ﬁﬁ@%ﬁb@&n@&?’%ﬂ?g_}gﬁwgﬁ -tk%e@up%w%saﬁﬁuencei

r
conventional " non-1linear Vi cfeo editor. shows Worke 1 ow

for a user nmatéwrtiing omeond eorrpspoddendeovithuthe myactdretrudtbressfagdeseminefc. Fig. 1.
Det ai | ed description of the enbodinents Fig. 1 shows the overall structure

of an enbodi nent of the invention. 20 Referring to Fig. 1, the materi al

input tot | : | QW NQ: - &1 _ Vi deo"
5 1. L L ETAREANSRS05 She 1 o B ikl in iy AR
di gital i dide Seiquesce chybeaadtthedt dutamaticaliy éoltheanactoatmtant afgeput sisic. as vi deo
25 captured froma canera or cancorder. Optionally it may include an input

soundtrack [102]. - "input inmages" [103), i.e. still inmages such as digital

i mage filegig THGRGstHIS 2 thfesHSRIthd MEdRARNOfor BBbRANY MEPref@Ended rBRdityleON to
notion vi deog. 30 - "input nusi c'_g [104] in a form §%ch gpg a rgeglﬁtagl %udi o]
stream or démfermatiorowith edit intaderinediftont  massic desciptioreimnydérrte genante iedit
provi des ”agcigiioﬂg ng and . 1 0 JUN 2005 WO 02/ 052565 PCT/ SGOQO' 00197
10
Fig. 16 shows a typical workflow for a user creating a video production using a

conventional non-linear video editor.

Fig. 17 shows the typical workflow for a user creating a video production using the

15 embodiment of Fig. 1.

Detailed description of the embodiments
Fig. 1 shows the overall structure of an embodiment of the invention.

20 Referring to Fig. 1, the material input.to the system includes one or more of the

following:

- "input video" [101], i.e. motion video such as a digital video stream or one or
more digital video files. Typically this is unedited “raw footage” such as video
25 captured from a camera or camcorder. Optionally it may include an input
soundtrack [102].

- "input images" [103], i.e. still images such as digital image files. These may
be used instead of motion video, or in addition to motion video.
30 "
- "input music" [104] in a form such as a digital audio stream or one or more

digital audio files. In the embodiment music provides the timing and .



7 framework for the output production: the input visual material is edited
1n ways which relate to the structure of the nusic in order1QdUHr@ﬂﬁJce a

music- b 1§ ction. 5 - input text and/or graphics | i |y
used for W‘Sg%@’szqggcjr edits, subtitles, etc. "style informat }‘8&}/5%%8@?4 i.e.
data or logic used by the systemto control or influence aspects of the
automatic construction process - in othey words the "editing style". The
user may select froma nunber of predefined styles, 10 and/or have access
to individual style paraneters. Depending on the enbodinment, styles may be

external to the fipsewonkdbr thelomtmabioduktibitahs itpuevisudl ndtdti3 ideditedaant t he
term"input material" s Lfsed to mean one or npre pieces of nedia which
are presented asWARpWRIck felatsdo hestrisfurasahibe mpusir incader to prsiice Aausife 15
not i on vi deo, Stﬁéshdngﬂgﬁ%n. nmusi ¢, speech, sound effects, static or

ani mat ed graphics and static or animated text. The term "i nput vi sual
material" refers to input material of any visual type including video,

i mages, ani mation, graphi.cs or . te 0 Qurput Referring.to Fi 1, the

out put p?oducfi pr[xg@gt]p égfa@&maﬁtl%ﬁtygygﬁﬁqu o’étl%‘?se%rgd’é =Suf9‘%?+’é= Hased
medi a such as a video, animation, or timed sequence of images; this may

i ncl ude an associ ated soundtrack, the output soundtrack [109], consisting

of nusic, speechstdadifomationt {106g.ired dataPndogictipdtbythe dystem omcorsrdlor med from

some or all of the 25 inpu erial i ch has been subjected t ne or
more of the foll B@uﬁﬁceﬁf}geggs@& Von{a}q{g%’@%’f‘%ﬁ?n Proc¥sg ﬁ}éﬂﬁ‘if iWSFFPS_. tger_hat is,
input video is segifpl®feacTRE did?IndyPscldct B LhurieY cﬁ'tpré%iéﬁh@&§t?feb,5t ics, for
exanple into shots, parts of shots, segnents that contain a 30 particular
voi ce of0backgr oamordhsup access to individvel style perameterse Dependingionthepi ece of
vi deo whi ch does : e %55, , c t of Vj.deo which
was recorded w ?’ﬁ%dtlg‘g%guss& %g 0 %’[%’%%@%gt ° ZHC{/%}&%% %a%e%rggg Hf fghe\]%)ﬁ%?b% WO
02/ 052565 PCT/ SGOQ 00197

In this document the term “input material” is used to mean one or more pieces of

media which are presented as input to the system. Supported media types include

15 motion video, still images, music, speech, sound effects, static or animated graphics
and static or animated text. The term “input visual material” refers to input material

of any visual type including video, images, animation, graphics or text.

20  Output
Referring to Fig. 1, the output production [108] created by the system is a piece of
time-based media such as a video, animation, or timed sequence of images; this may
include an associated soundtrack, the output soundtrack [109], consisting of music,
speech and/or other sounds. The output production is formed from some or all of the
25  input material which has been subjected to one or more of the following processes by

the system:

- "Segmentation". That is, input video ié segmented according to visual or sonic
characteristics, for example into shots, parts of shots, segments that contain a
30 particular voice or background sound, etc. A shot is a single contiguous piece of
video which does not have breaks or cuts, such as a segment of video which was

recorded without pausing or stopping a video camera.



8 - "Selective inclusion". That is, elenments of the input material such as

segnents of video, nusic or soundtrack, selected inages, or 10edUMr285wi thin

i mages orwéd)q%gz tranes are included in the output product kgﬁl@ﬁ\am)&ﬁrot her s

are excl yplcally - as in conventional nedia produ ar ge
fraction is excluded. - "Sequencing". Elenents of the input material may be
sequenced so that the time- ordering of ghe el enents conprising the output
production corresponds to the time ordering of those elenments in the input
material, or they may be sequenced 10 according to sone other criterion
such as descriptor simlarity. - "Transformation". Elenments of the input
mat eri al nmay be transforned e.g. by a process including any of the

"speci al ef fectSelectivelingpgion ﬂﬁlat iseclpments ofthe inputobtedaliych pasegnomteef ons

f | f
Gize (org. ari VR RSB iRl Sledita BRGRL o aRts iepniecSnlfie e o

war pi ng), etc. framegefmnaaamm"the &l?ﬂﬁﬂb&udﬁ‘ont t»ﬁﬂe Bihiels AFBeRIhddd. ar e conbl ned
bot h S|nultaneously and sequenti al | For exanpl e, images and vi deo

segnent s 5f r om & HBICRRAYyas momréwp%llm%w{%luswsemaéae Eretianiagseudedy with

i nput nusic, and input text/graphics nmay be overlaid onto the video.

| rages and segnents of video may be concatenated with overlaps all ow ng
the use of t-r ai‘Sécinemiag"SlEihmalstsdfﬂmothneamial mdydsssegeéiced 8o Wint ithe tifhe- art .
Segnent s of the4ﬁ‘§ gi}gundtrack may . be m xed with segnents of the input

musi c. Ml tipl 8G° %?nt%%élﬁ‘%%‘:’g‘i}?ﬁﬁP@%BFPdHEtloQ@YEﬁSE%’&W@éhe time
si mul taneousl yofdérlﬂgfoi'ﬁfo%‘&leﬁﬁﬂﬂs?ﬁ'ﬁle‘:iflpﬁt'?ﬁatéﬁﬁn& RE Ogﬁ}agfbetsg e%,'%cf’m '

production or m xed over eac to create to m xage") .
The out pit pr odesording torsomeadther driteriandsschnas descmlptogennﬂa*ltyd by the system
wi thout reference to the input material, such as colors and textures used
as backgrounds, static 3o and ani mated graphical elenents, etc. WO

02/ 052565 9 PCTTamRaARich". Elements of the input material may be transformed, e.g. by a
process including any of the "special effects" well-known in the prior art,
including transformations of color (e.g. monochrome and flash effects), speed

15 (e.g. slow-motion), size (e.g. artificial zoom), position (e.g. artificial pan), shape

(e.g. warping), etc.

- "Combination". Elements of the input material are combined both simultaneously
and sequentially. For example, images and video segments from the input
20 material may be presented simultaneously with input mﬁsic, and input
text/graphics may be overlaid onto the video. Images and segments of video may
be concatenated with overlaps allowing the use of transitions such as dissolves and
wipes well-known in the art. Segments of the input soundtrack may be mixed
with segments of the input music. Multiple images and/or video segments can be
25 presented simultaneously in different regions of the frame area of the output

production or mixed over each other to create composite images ("mixage").

The output production may also include material generated by the system without
reference to the input material, such as colors and textures used as backgrounds, static

30 and animated graphical elements, etc.



. Anal ysi s and Description Conponents Referring again to fig. 1, the

-+ enbodi ment has the followi ng conponents concerned wth analysi sJ and
descripti e input material. 5 - The video anal yzer %5@5
anal yses \?ﬁeo%‘?l%g? video to produce a video description [{;‘L@?g%% I ni ng
one or nore descriptors. The video anal yzer applies signal analysis
techni ques or other kinds of processingd¢o individual frames or nultiple
frames of the input video in order to create the descriptors. Typical

descriptors are neasures of brightness or col or such as col or histograns,
measur es 10Apalysieend Descriptien Cosnmfneptsape, neasures of notion activity,

descriptorsgidentifyi the,ti mes,of shot _ a ot,her segnment boundaries in
“the input v%{ﬁ%’amg&ﬁ%@ggtﬁgcg the F&E&F‘ﬁ%&%&%#%ﬂg EOFPOPFEHEYICEIME] t hat a
segnent  of Whﬁahaﬂ?ﬁ&aﬁﬂ&B%@riﬁﬁBH@Ftﬁc?i@utﬁ'éf@i?l.face1 probability that it is a

natural scene, ettc), neasures of the'rate o change and stati sti cal
properties of other descriptors, descriptors derived by 15 conbining two or

enoant 051 hos deRRep ey FerinLOE P aRnes et dideo B msodie oo ng -
defined. - Theeseiphoh [ ROk comtamuzeinel ot kidre dLrDtRRATHS Gieh aeIEH?.léBPlies

soundtrack of the input 20 video to produce a soundtrack cription [113]
cont ai ni ng oné&igapl apslysisdeshniquss or etherifindsof prdeessiok tairalivideal feqppdsices si gnal

anal ysis techni . . Ki of processing.,to the input soundtrack
in order to C%@#@%g %(E:n egtggglﬁel lpr{ﬁg{r]g.aeo IPy(%flgratP cae@geg%eglgﬁwtgpe%%ggﬁr es of
audi o i nt ensi dysoviptdroadnesuresBabliglgtessfor célbﬁ%%kéolﬁ?ﬁhﬁ%%raﬁh‘,%eﬁﬁres
spectr al centr?id, bri ght ness and sharpness, categorical 25 |ikelihood

measur ed0( e. g oL FROBEINFAsHRFS Phehaps, measHessof srotioactivipildeswinters idepkifyingnt ai ns
a human voi Celye fRESH sﬁét Ma dth& s%@xh@ntgougﬁ'%fkg . %ﬁrﬂa}l%% 'c%tr@éorPcraPper ties

of other descriptors, descriptors derive y CO nore ot her
descriptors, dikelihdddnyeasueh (degrobability shandegraeitnf duempar edeetdntiaonn to

those skilled in the art .apnd new pnes are constantly bei defined. 30 -
The | mage anafyPER ferp bl BE L AR TR o S0, RS A detlce. an
| Mages change and statistical properties of other descriptors, descriptors derived by

15 combining two or more other descriptors, etc. Many such descriptors and
techniques are well known to those skilled in the art and new ones are constantly

being defined.

- The soundtrack analyzer [112]. This analyses the input soundtrack of the input
20 video to produce a soundtrack description [113] containing one or more
descriptors. The soundtrack analyzer applies signal analysis techniques or other
kinds of processing to the input soundtrack in order to create the descriptors.
Typical descriptors are measures of audio intensity or loudness, measures of
frequency content such as spectral centroid, brightness and sharpness, categorical
25 likelihood measures (e.g. probability that a segment of the input soundtrack
contains a human voice), measures of the rate of change aﬁd statistical properties
of other descriptors, descriptors derived by combining two or more other
descriptors, etc. Many such descriptors and techniques are well known to those
skilled in the art and new ones are constantly being defined.
30
- The image analyzer [114]. This analyses the input images to produce an images

description {115] containing one or more descriptors. The image analyzer applies



description [115] containing one or nore descriptors. The inmage analg/zer_,
applies 1 0 JUN 2005 WD 02/ 052565 PCT/ SGOO) 00197 10 si gnal dnflJpsi 20 H

techni qu r kinds of processing to individual inmag r qups of
I mages | ?8&%@8}5 g create the descriptors. Typical descri p?gF}s%Gg?/nggy

measures of brightness or color such as col or histograns, neasures of
texture, neasures of shape, categoricalidikelihood neasures (e.qg.
probability that an imge 5 contains a human face, probability that it is a
natural scene, etc), nmeasures of the statistical properties of other
~descriptors, digw aplpsistedimiueschriogherditdsrifipgodergingto intividuaditigdes or

descriptors, etc. such descri ptor nd technjques are well known to
t hose skill ed §A“R léasesam&r%ms @Pgem&rﬁn YRicH desindesiared. 10 -

The nusic a”a|xMé‘a%[u'efsJe%@_}i%hﬂ@és%r%ﬂﬁﬁléﬁ&?ast or HIY rg??é?ﬁn%ﬁz?esmf?g&ﬁx% a nusic

description [117] contal hing one or nore descrip e musi c anal yzer
appl i es  si gnaheasneds s sispeceitegogivelslikelihoodareasuresd®. go brobubities Hiangn irtage

segnents _of the sic,in rder to.create the descriptors. Typical
degcr i ptors arcgnﬁ%wlggarbﬁc?’ﬂ%b@?lw%gﬂ It qs&lmﬂgélssge 3@&1%%3%&35 géthe
strength, mJSis@éisti&il%@&i@él%f%%ﬁ?Qes&ﬁj@&‘é,rﬁcﬁgtoéﬁiefﬁﬁﬂbﬁeg@b%uﬂgtW?)torSUCh

as spectral centroid, brightness and sharpness, neasures cal pitch
content such dsonesshermigsazipbirs.ciic. Mans sneindescriptoss andltedhaiquesareoeels kipvmand

chordal conte f the rate of change and statjstjcal properties
of ot her desc%gl%%rgg,ﬁﬂ%gz% Ieﬁpoﬁng%&?%eéy%gprggnﬁyﬂ;wé%ﬁﬂe r more ot her
descriptors, etc. Many such descriptors and techniques are well known to 20

those skilled _in the art and new ones are constantly being defined. The
nusi c  afal yzerheraysiapaalyssr blAiode Thisranghysesthe inpupmusic to peoduce acusie of t he

i nput nusic atdes&ﬂftio‘ﬁﬁh’i ic%ﬁmgﬁne bf B B r%heﬁr%%zcsgfﬁll}%;g;pqq? or

sections such as "I ntroduction, verse, chorus,”etc to scal e

of bars, beat signatiamalysis teelatiqueside atiser kindsexf pamesiigio souaesiebf HeHedicre are
wel | -known to si.ci ans réusic eorists, .and others, and man

g 2 t . )
t echni ques for® SHiP Sreafetye EFﬁ gri%he ppical Sntere %mwuéqsgﬁmfe%méwsi s are
known in the fbgddsmdbAIB6LeallbitdptIMNSE! Phythm and tempo, measures of

15 frequency content such as spectral centroid, brightness and sharpness, measures of
musical pitch content such as root note pitch, consonance, musical key |
membership and chordal content, measures of the rate of change and statistical
properties of other descriptors, descriptors derived by combining two or more
other descriptors, etc. Many such descriptors and techniques are well known to

20 those skilled in the art and new ones are constantly being defined. The music
analyzer may also provide a representation of the structure of the input music at
various timescales, from the "macro" timescale of major sections such as
introduction, verse, chorus, etc to the "micro" timescale of bars, beats and sub-
beats. Means of representing musica] structure are well-known to musicians,

25 music theorists, and others, and many techniques for extracting this type of

information by signal analysis are known in the field of computer music analysis.

In this document, the analyzer components described above [110, 112, 114 and 116]
are collectively known as the “media analyzers”, and the descriptions [111, 113, 115

30 and 117] are known as “media descriptions”.




. I'n this docunment, the analyzer conponents described above | 1;119110 1%065 114
- and '116] are collectively known as the "nedia anal yzers", a J[Uﬁ‘e

descri pt iy 113, 115 30 and 117] are known as "nedja Lpfions".
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stored for later use, for exanple by saving the description data to disk
or non-volatile menmory. (For sinplicity,sthis is not shown in Fig. 1.)
This allows the user to construct different output productions fromthe
input nmaterial without the need to re-analyze material, thus reducing the’
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simplicity,sthis &s npt. shown in fig. k. SUC escriptors have been
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descriptors generated by canera instrunentation such as PI me- of -~ shoot i ng,
focal di §taneded fevigwaphltipld alleonasive orodyetiensat ed by satel lite positioning
systens (e.g. GPS) attached to the canera, neasures of anbient |ight |evel
during shooting, etc. They may al so include nusic descriptors generated

during the musiditickbtopopaltechitivelytbosigss anslysib, @Scx@it@ﬂ%ﬁﬁﬁysbeeiﬁgbﬁéa aflo @e
derived fromnusic se%tégincers (gir M DI, (Musical Instrunment Digital
Interface) AR 2 sirreddadhpmedadesprptionn) (Bersimpligity, thigisawt shoveniaifig.
producti on d : | Dt [ ' ich is

G icult oS r R R kBB RE b Lt e BB dleal “doun: for
exanpl e lonf emheddedwitinuir insshe alay pinkedto, ilreshputmeatedli Such desstiptorepet i ti on

structures,. etg. orted descriptors can al so origipate frogma nmanual
or sem -aut Fd lcfﬁodieggrégtoxfs(g'energggg,pgchrqepp R MR ARITICE A% BINg1ads t he i nput

doscr | pti one g hrE P A L BRI Mot oo b ke o Bee, L1 ot e 10

descri pt or ssxstamg @d- KPS iagachied amthieyosinsTa, Fxgaswraofimebient light Svelsdurings
shooting, etc. They may also include music descriptors generated during the music

15 production process, such as elements extracted or derived from music sequencers or

MIDI (Musical Instrument Digital Interface) data. Music sequencers and MIDI arc.
widely used in music production and can be used to create descriptive information
which is difficult to derive from the music audio signal after it is mixed down: for
example information about musical pitch, instfumentation, music repetition structures

2

20 etc.

Imported descriptors can also originate from a manual or semi-automatic process, for
example in which a user annotates the input music, video or images before importing
the input material plus its descriptions into the system. Such descriptors may be

25 closely related to descriptors created by signal analysis. For example it is sometimes
desirable to create descriptors using the system, correct or refine these ciescriptions
manually, and then use the refined description as the basis for processing by the other

modules of the system.

30 Imported descriptors may be stored directly in the media descriptions, or they may
require further analysis, conversion or interpretation after they are imported; this

function is also provided by the media analyzers.



desirable to create descriptors using the system correct or. refine t hese
descriptions manually, and then use the refined descriptiof 0adUN@8basis '

for procw&ég&&@g the other nodules of the system 30 Ir’rppr#g,{./g&rmz&%{i ptors

may be stor irectly in the nmedia descriptions, or they guire
further analysis, conversion or interpretation after they are inported;
this function is also provided by the nedia anal yzers. 10~ JUN 2005 WO

02/ 052565 PCT/ SGOO 00197 12 O her Conponents Referring again to fig. 1, the
system further includes the foll ow ng conponents: 5 The graphical user
interface or GUJI [120]. This acts as internediary between the user and the
system co nicating with several of the other nodules of the system
User inter aPtheSagROReRts y i ncl udes the fol | owing capabilities: o Overall

control, s SEhHGEHIFRN ' fﬁ@‘[@r ' ' i.al. and 10
sel ection ;ggfgﬁglgs%ﬁaﬂf%hl’fqﬁfgwft%rﬁ the %@%@%‘#@%@2‘?&%%@%@%%&&s of
control include the initiation of analysis and construction tasks. o User

interaction wi_th the, styl e,inf.ormt] - .exanpl e the sel ection of

b et nba. st yIie grapbicaL sen intettoror () 29! cniS 5AE bt Fusraecizey Besh 844 ng
styles. 15 o Mgé}téﬁaﬂgerg,é@trﬁpe&fn' Mmidaeh 5 ' nd at a
touch-up stage. Featur sear’]d vari zlant SE(\)&?ﬁltsﬁ\éé}éﬁﬁgégﬂ%hg{bﬁgﬁe‘i‘ggg}%i bed

bel ow. 20 - Thpstaon¥lsenioteractip 2Ricallphinsludesthaifelbwing loapdbilites: core | ogi ¢ of
the system It receives as input the one or nore nedia descriptions and
receives (or contains wthinit) the style information [105]. Its main

function is to useQdvegsicconftblscH & seldelibn of filek BonteMidg QR GhMIt MFer@aRSSAr Y
to specify the formof the output production [108] and to store this

speci fi d@tion of tkelegipnmita desrationifda farfhacwpuipredvgionalQther #peathef " nedi a
scene graph" or M5 P : ete
representation of ?ﬂ%}(ﬁﬁ%u%%ﬁte @ggﬁ@g%fﬁlﬁbg%%g;agﬁ&%rﬁgg?%ﬁ%orrpl ete set of
o User interaction with the style information — for example the selection of
predefined styles, or creation of new styles, or alteration of existing styles.
15

o Manual intervention, both at a pre-selection stage and at a touch-up stage.
Features and variants of the GUI are further described below.

20 - The constructor [121]. This contains much of the core logic of the system. It
receives as input the one or more media descriptions and receives (or contains
within it) the style information [105]. Its main function is to use these inputs to
make all the edit decisions necessary to specify the form of the output production
[108] and to store this specification of the output production in a structure called

25 the “media scene graph” or MSG [122]. The MSG can be regarded as a complete
representation of the form of the output préduction or as a complete set of
instructions for making the output production; this includes the source and timing
of all elements of the input material (such as segments of video, music or
soundtrack, selected images, or regions within images or video frames) which are

30 used in the output production, the types of transformations and special effects
applied to these elements, the types of transition effect used in the output

production, the source and presentation of all overlays such as text and graphics




~instructions for naking the output production; this includes bhﬁuﬁ%wsce and
- timhg of all elenents of the input material (such as segme?} S deo,

musi ¢ or tack, selected imges, or regions within i |.deo
yniLLae B footd

frames) are 30 used in the output production, the

transformati ons and special effects applied to these elenents, the types of
transition effect used in the output pneduction, the source and
presentation of all overlays such as text and graphics 1 0 JUN 2005 WO
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and al so plays an inportant role during pmanual touch-up: it is the primary

under | yi ng dataniEels e repdergi{seajustrhelqydeand alsp plpgraninmortantrole duringst age,

being a full 3 r - product i . |l _tinmes and
bei ng updat edh?%{urggﬁpggéb 'gﬁlas%ee‘é%rmaﬁgf nggﬂﬁlﬁlg dégaeéri%dcﬁ'ﬁee%g% t@%HS%pt lonally
. be saved and imbkwaticutd arthisatage, heligy a Al lepicsentimicrgsfhe biveent ipddtRidtioR a0l t he
final productigq. Al sg, g}gr‘;:}?a o% the MSG (for exanple temporal regions or
certain fypes 2Bfime dibsmgpdeted i redlset ghangesgpadeby WAHSHt her s 10

"unl ocked"”. This allows an output production to be nmade by progressive

refinement: the user instructs the systemto run the constructor (and
renderer), vildedMBGean eptidriaily de sanaiiand peloddat foo tated wae kalowb gl prR®ré&ive

features that  heishe Jikes runs the .construgtor nd renderer) again to
repl ace the uﬁ?%@k‘ﬁ’d‘?fléb‘? _ﬁﬂéllpf%cﬁicﬁ?’és AlsQyinats Of]"hs@ Mégéggﬁxéﬁphfﬁnﬁﬁpﬁéuct i on,
| ocks anot her r&gbngdr deRBinQSes o 8l FSrmARR) $4h bd BloQFed” THE ot ¢ of the
constructor and the structure of the MSG are described I1n detail below 20

- The réhder erupleolgyd”. Fhisallgws dnoutpubprodustien toreodartt byoprogressiveli ng to t he

I nformation i r it interprets th G data as
i nstructions ?ea% ’?neg{gg%er {cﬁ%ﬁg’%ﬁ&? *Lll%ssggqeﬂlsﬁol’rﬂﬁE}feo‘??él,swgcé?re@?&e@ld@?é}at s of the
i nput mat er i alvievatht rsalting oafpREs RIS ldtks SQAME WY Baurek BN REQRTREON,
conbi nati on and 'cgncatenatl nto . .
- runs the constructor (and renderer) again to replace the unlocked regions/features,
views the altered output production, locks another set of regions/features, and so

15 on.

The logic of the constructor and the structure of the MSG are described in detail

below.,

20 - Therenderer [123]. This produces an output production according to the
information in the MSG. In other words, it interprets the MSG data as instructions
and, according to these instructions, selects elements of the input material, applies
processes such as sequencing, transformation, combination and concatenation to
the selections, and transfers or copies them to an output such as a file or an

25 audiovisual monitor. The result is the output production. The kind of operatiohs
performed by the renderer are generally well-known in the art and do not require
further explanation, being found in many non-linear video editors and generally
supported by standard video architectures such as DirectShow from Microsoft Inc.
and QuickTime from Apple Inc. The renderer may include a compression module,

30 compressing the output production using techniques such as digital video
compression and digital audio compression which are well-know in the art, for

example as defined by the MPEG (Motion Picture Experts Group) standards body.
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production using techniques such as digital video conpression and digital
audi o conpression which are well-know in the art, for exanple as defined
by the MPEG (Mdtion Picture Experts G oup) standards body. 10 JUN 2005 WO
02/ 052565 PCT/ S0/ 00197 14 Distributed Production In general in this
docunent, the Lgveﬁéioa iﬁ described as a single systemincluding the 5
medi a anal yJBSPIOUEALIOGNREHON, 1 oy and the renderer. However it can al so be a
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potentially Tun at different tines at different |oca rent
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stored and . rted en_needed by .the canstructor. Such nedia .
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earlier tingnat diffeyert Giedisia®aifkiterNcabidhs by digf aRies D BARY 9B eddYD MG i s a
conpl ete representati on of the formof the out E_u production O0r a conplete
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t - Lk in 15
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the out gat ingokedust tinpsartier titme at bryy locatiodbycanyose®. t he renderer is in effect

a sophisticated playback engine. Al that is required to nake this
possible is that the MSG and the input material are available at the tine

o L e PR CC, AR SN R bR,
t he i nput nprodudtian,oramenypett yetedmatomationsefor making the output production, the
renderer can be run separately from the constructor or analyzers. It can even be run in

15 real-time while the output production is viewed, in other words creating the output
production on the fly, in which case the renderer is in effect a sophisticated playback
engine. All that is required to make this possible is that the MSG and the input
material are available at the time of rendering.

20 For example, in an application where two parties share access to a common body of
input material, or have two identical copies of the input material, one party can run the
analyzers and constructor in order to create an MSG, then send this MSG to the
second party whereupon the second party runs the renderer to create the output
production “on _th_e fly” as she/he views it. In another example, a community of

25 people can first acquire copies of a common body of input material and associated
pre-dreated media descriptions, then individually produce output productions which
they share with each other simply by transmitting different MSG’s. The advantage of
this is that each MSG is a small amount of data compared to typical media data and
can therefore be transmitted quickly and easily. The common body of media is suited

30 to distribution on a medium such as CD-ROM or DVD; the community of people
owning the CD-ROM/DVD can share their productions by, for example, forwarding
MSG’s as email attachments, .
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. described in detail with reference to figs. 2 to 8 5 Video Editing
Exanple Fig. 2 shows a typical exanple in which an output production is
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illustrated in fig, 2:

15 - Segmentation. Two pieces of input video [201, 202] such as digital video files
are segmented to produce five "source" segments, sSegl to sSeg5 [211, 212, 213,

214, 215]. One of these, sSeg5 [215] is a segment consisting of a single frame.

- Selective inclusion. The five source segments [211 - 215] are included in the
20 output video production while the remaining material from the input video is not

used. A single image, sImagel [216] is also included.

- Sequencing. In this example, the order of the segments comprising the output
production is not the same as their order in the input material. For example, in the
25 output production, the first two segments from input video B [211, 214] are
interspersed by two segments from input video A [212, 213].

- Transformation. Several examples of transformation are shown in fig. 2. The
segment sSeg?2 is transformed to monochrome by removing its color information
30 to preserve only its luminosity [220]. sSeg3 is transformed by adding flash
effects, i.e, in which the luminosity of regions within one or more frames is

increased [221]. sSeg4 is subjected to a time transformation, slowing it to 0.4x its
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to a tine trans OW. N 02/ 052565
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frames betweemae sihidediinalso Eé;ﬂé’@fo 4 Rarber o‘-f%ﬁéb’ésshﬁe frbBELSS Bk § GorphsiOr €
extrene tinme transfornmation, which its sm&1 frame is copied to’
oD

sever al éucce§%m®tquéhﬁef§ltplﬁm¢@§t1@né22f4&é\iﬁ@y0 sich videedipasiornmationso copi ed
to a nunber of ty of -Lie. out put
producti on [Zflzf]sd‘J gﬁla%g{”}ét?%g{;eaagﬁ?ﬁagdggg Jf‘;%“g?%%?ﬁ%ﬁ%ﬁggg g& Wecl)‘ferlﬁﬁ%vm in
the art. In admhytbmansfcemedamdarmawuye fet exanpls atinedediso thuethbpyisangsny be
transforned in various ways: for exanple aninmated so that they change

posi tion, siz&SiRRpHEZe, é}éﬁpérc‘)l@’@ gic a8 timeprogyesips a0saibl Ylﬁdgﬁoawtq n response

to pararreter algh d on fig. 2
as 10 "Ani Tex?’ J%%?O?mgéw% g%lgﬁ Q%V%Pg%ﬁixt an dhdﬂ%ﬁzlt% el enent s
may al s00 be fadélexth[222B54d &AdiGraphip?BE)6).) -T2 atd gaphicrelenkénys may alse 0
illustrates several, ways.of .co ng the input material. The transforned
segnments dSeg| egqf%dd\égééﬂgpgo g@éﬁ'enat ed to forma cut or 15 "butt-edit"
[230]. Other segnents are concatenated with partial overlaps, allow ng the

use of dissolves [231], w pes [234] and other transition effects well-known
in - Combination. Fig. 2 also illustrates several ways of combining the input material.

The transformed segments dSegl and dSeg?2 are concatenated to form a cut or

15 "butt-edit" [230]. Other segments are concatenated with partial overlaps, allowing
the use of dissolves [231], wipes [234] and other transition effects well-known in
the art. Text and graphic elements, both static [227] and animated [225, 226] are

overlaid on the video to form the final production.

20 Fig. 2 also contains a simple example of material generated by the system without
using the input material: a black background [228] on top of which text [227] is

overlaid.

All the above involve timing references relative to the output production; these are
25  shown as vertical dotted lines projected onto the timeline [240] of the output
production. Segments of input video involve an additional set of timing references

relative to their input video source file, for example the start time [241] and end time
[242] of sSeg4.

30 Inconventional NLEs, the user makes all decisions about which of these processes to
apply and where to apply them. The current invention creates an output production

automatically by making the decisions itself and invoking processes such as those



the art. Text and graphic elenments, both static [227] and ani mated [ 225,
~ 226]:'are overlaid on the video to formthe final productionq20uNigy 2

al so contai j npl e exanple of material generated by t i t hout
usi ng thﬁﬁ%&%‘q%&t erial: a black background [228] on top%ﬁﬁéoz@yext
[227] is overlaid. Al the above involve timng references relative to the
out put production; these are 25 shown ag vertical dotted |ines projected

onto the timeline [240] of the output production. Segnments- of input video
i nvol ve an additional set of timng references relative to their input

vi deo sour cabdvelaecorfiipglye XeHeopstinit@orsi 21 I is thotaft 24 He sRtbneR didids Widd2] of
sSeg4. 30 In conventional NLEs, the_ user makes all deci sions about which of

_these proceB9EeSSEN0 apply apdarleranoanply thegy pijle theiondeme[ 1231 perfermsithent i on
creates an 9&{18#00%559 ction automatically by nmaking the decisions itself

and i nvoki ng processes®’such as those 1 0 JUN 2005 WD 02/ 052565

. PCT/ SGOQ 00197 17 above accordingly. The constructor [121] is the heart of
the system and deci des which processes to apply and where to apply them

while thé renderer [123] perforns the actual processing. 5 The

Const ruct i OFLRRESHScfidid ProcesdOWs a central construction principle of the
i nvention. Construction logic [301] in the constructor takes style

i nf or mat i onFig382howinal cendrdl eordérmctiomprinaryde pfithe dnventionnSonstfuctionipgiai3dl pr
i mages [ 303 nd optionally a nusic desgription [304]).as input, using 1lo
“informati onlr’ftlla“?)ﬁ?‘lfg?lﬁt_of gakﬁ%%?ednioé’?ag‘?n @thmﬁg‘?F&?&ﬁQr%ﬁoeﬁ(%P@@{%lﬁ ed in
the MSG [ 38B¥idedshdbtiisfagsPBOBT ind QRicAbl P nuBlc G HHRA [30: aﬂr??h& using
informati on may be considered a set of preferences, suggesStions or
r equest si0t oinfermation Sromybeth ¢o makgaset oftedit daeigions wividhare stoeedcioribe M&R i on
| ogi c acts . e nds._on.the.val.ues .. of data in the
medi a descr ipt ?%éﬁsl,&ﬁ@g%ﬁé tﬁﬁéﬁt}gﬁ@?ﬁpcﬁm&?h&s&/ %}‘{f"%%’i"&’wgbﬁ s dependent
considered a set of preferences, suggestions or requests to the construction logic. The
way in which the construction logic acts upon these preferences depends on the values
of data in the media descriptions, so that the specific set of edit decisions is dependent

15 both upon the style information and upon the nature of the input material.

Some examples of this process will now be presented in more detail, starting from the

nature of styles.

20 Styles

Styles may be defined by data or logic or some mix of the two. For example, the style
information [302] of fig. 3 could be a set of manually-defined parametérs which are
imported by the construction logic, or they could be a set of parameters generated by
programmed style logic such as a style class in an object-oriented programming

25 implementation. This distinction is not very important here and the following

discussion refers to both interchangeably.

Style information is created by a style designer, for example by a process of manually
defining a set of values for parameters, and the aim of the style designer is to create
30 styles which will cause the system to generate high-quality output productions. The

information comprising styles may be categorized according to which part of the



15 both upon the style information and upon the nature of the input ,
material. Sone exanples of this pro](c:ess YM|| now beI present edqgny 55 R
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specifies durations. Each style specifies which techniques to use, and specifies

parameters controlling the segmentation including threshold values (such as
degree of change of color histogram which is to be interpreted as a shot

15 transition), minimum and maximum segment lengths, minimum number of
segments to be specified, etc. In addition to these parameters controlling tfxe
segmentation of the inpilt video or input soundtrack there is a parameter
controlling the preferred segment duration - i.e. the preferred duration of the
segments which are to comprise the output production. This controls the

20 “cutting speed”, an important characteristic of the output production.

- "Selective inclusion parameters”. These are a set of parameters which control
the selection of elements of the input material (such as segments of video,
music or soundtrack, selected images, or regions within images or video

25 frames) to be used at different points in the output production. In particular, in
this embodiment they are a set of target values for media descriptors including
brightness (average luminosity of video or image) and preferred activity level
(average total motion of video). In other embodiments, any of the kinds of
descriptors mentioned above (under “Analysis and Description Components™)

30 can be used,



. paraneters controlling the segnentation including threshold values (such as
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menti oned above Vi1 8 R es HSin Aarlee kept J y be
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a paraneter can s | fy.whet her the el nts of t i t materi al
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order as they occur in the input material), non-sequentially (w thout 5

regard to their sequence in the input material) or partly-sequentially (for
exanmpl e,10wi t hi-n alraesfprnaiion parametsrshi Thest specifyactet oftraustarmationadts be

sequentially th e terd . S preservi.ng the original sequence
at a macroscopi cﬁé%gglgie%&bs&ﬂg a dg%gcﬁg;‘%geﬁ-fgre Egh\l‘(ﬁl%&o gﬁa&t@p‘gﬁno&mg |l er
scal es). 10 - " Thamsfiedardifferend poiatsheiesutpdiiR6@udPAc FoY eangaé a 8t of

transformati ons to be . . :
parameters may specify a particular type of flash effect to be used in terms of

its brightness, radius, duration, ete, and a set of rules may specify when this
15 flash is to be applied, such as "in every fourth segment of the output
production, but only if the time since the last flash effect exceeds 10s and thé
brightness of the current segment is below a given value". Transformation
parameters also specify the ways in which text and graphic elements are to be
presented and animated, including static and dynamic values for position, size,

2

20 shape, color, etc.

- "Combination parameters". These specify the way in which elements of the
input material (and material generated by the system) are to be combined: for
example the types of transition (cut/dissolve/wipe) to use, how often and in

25 what sequence to use each type, the duration of transitions, when and for how
long to generate blank backgrounds, when to overlay text/graphics elements
and what type of material they may be overlaid on top of (for example, to
avoid overlaying white text on video material of brightness above a certain
value), etc. |

30

The precise choice of parameters and their values is both highly dependent on context

and partially subjective. The range of possibilities is enormous and influenced by
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set of ters may specify a particular type of flash ef kgt used
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specify when this 15 flash is to be applied, such as "in every fourth
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text and g | : : lg%pm | I ncl udi ng
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for exarrploéheFﬁ %@H@ES of transition (cut/dissolve/w pe) to use, how often
and in 25 what sequence to use each type, the duration of transitions, when
and for how long to generate blank backgrounds, when to overl ay
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top of (for_ex le, to .avoid overlaying.white text.on video, material of
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partially subjective. The range of possibilities is enormous and influenced
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range of i | &k: ' ed, s essf ul t he..
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In one embodiment, this need to introduce variety is addressed in several ways which

may be used singly or in combination:

15 - "Sections" and " sub-styles". The output production is structured as a series of
sections, each of which is assigned a different sub-style. These sub-styles are
used in a certain order, the sub-style sequence, in which sub-styles may
optionally be repeated. Each sub-style contains values for some or all of the
style parameters (and/or logic for generating style information). For example

20 this scheme makes it possible to specify a style which defines three sections in
the output production, in which the first section comprises long segments, of
low brightness, with few special effects, concatenated with slow dissolve
transitions, the second section comprises short segments, of high brightness,
with many special effects, butt-edited together with sharp cuts, and. the third

25 section has the same characteristics as the first.

.- "Gradual evolution”. It is also possible to specify gradual changes for some
subset of the style parameters. For example, instead of the two contrasting
sections of the previous example, there can be a slow evolution from the

30 characteristics of the first sub-style to the second sub-style. In this example it

is also possible to have two clearly-defined sections with most parameters



_In.grder to create an interesting production, it is usually necessary to
- introduce some variation in the edit decisions through the qguysg 206 a

product i g,%oﬁggzg&xanpl e, in nost cases it is desirable to,naEy dhe).
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speci fy gradual CHZEGR Sse annpsmael distribupien sty standarddeviasion .of For

exanpl e, insteadpokst : J i revi QuUs exanpl e,
there can be a sl gévseegf%%‘?dgﬁ,@@ﬁ%%ﬁ%e’htggg%ﬁsgﬁxg{rogé!@%tgH\”}glél ngoqﬁgspﬁ-r st
sub-styll8 to thestybeygthecsuppliedstajieewill be dififesersanmhil always lis batvienpRs sg bl e to
have two cl earl y_df%%TEdt sections with nost paraneters 1 0 JUN 2005 WO

02/ 052565 PCT/ S g¥iSo1 changi ng abruptly at the sub-style transition,
yet allow a small nunber of paranmeters to vary gradually during the course
of the output production. - "Stochastic generation". Linmted random
variations are inY#yeGrdes"afThessealseqparate at the level of each segment of the output

video. Each parameter is assigned a series of values and these values are used

15 in a repeating sequence. For example in a particular sub-style, preferred
segment duration might have a sequence of 3 values: 4, 2, 2 (seconds).
Wherever this sub-style used, the durations of the segments in the output
production will cycle 4,2,2,4,2,2, 4,2, 2, etc. Cycle lengths for different
parameters may be the same or different. For example, in table 1 below,

20 segment target brightness alternates between dark and bright (cycle length of
2), segment duration and transition type have a cycle length of 3, every 4th
segment is transformed to monochrome and every 8th segment includes a flash
effect. The overall pattern will only repeat every 24th segment. This creates
variéty, yet introduces a cyclic quality into the edit rhythm of the output

25 production. Many viewers will not notice this explicitly - it may be subliminal
~but it. creates a different effect to stochastic variation and will be perceived as
improving the quality of the production in some cases. This is particularly true

when the output production is a music-based production as described below.

30
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Table 1

Selection of Elements of the Input Material to Construct the Output production

A central function of the constructor is to select and sequence the elements of the input
material (such as segments of video, music or soundtrack, selected images, or regions
within images or video frames) which will form the output production. This will now
be described for cases where the input material is video and the elements of the input
material in question are video segments. The process for other media such as a set of

images is related and generally simpler.

As described above (see “sequencing rules”™), styles specify whether the elements of the
input material comprising the output production are to be chosen sequentially, non-
sequentially or partly-sequentially from the input material. The process of selecting
elements of the input material involves a number of complexities which will now be
explained with reference to a sequential case and a non-sequential case. Variants of
these cases, such as partly-sequential cases, can be achieved using a mix of the

techniques described in the following,
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10 anew segment the constructor follows the flowchart in fig. 5. The process will now be

described with reference to both figs. 4 and 5.

The constructor first gets the start time in the output production [501]. for the new
segment [403], labeled t, in Fig. 4. It then gets a set of parameters required for the new
15 segment, for example from the style information, including the required segment
duration d,, and data about effects and transitions [502]. The duration then has to be |
adjusted [503] to produce a target segment duration dr [404] for the segment which is to

be taken from the input video, allowing for two things:

20 - If there are overlapping transitions such as dissolves before and/or after the
segment, the duration of these must be included in the target segment duration
dr.

- If the effects to be applied involve any speed change, the duration has to be
25 scaled. For example, if the output segment is to be played at double speed, the

target segment duration dr has to be twice the duration of the output segment d, .

The constructor then calculates a time t; in the input video at which it will start looking
for a suitable segment [504]. In sequential cases it is generally desirable that the ouput

30  production be approximately linear with respect to the input video, and to achieve this
the input video segment should ideally be taken from a time location calculated as

follows:



Segnent Sel ection: A Sequential Case Fig. 4 shows a common sequential case
in which there is a single contiguous piece of input video [$#01JuN 205 '

i nput vidg ration D1, significantly |onger than the,
production f%g%fgglM| ch is of duration Do. The ratio of |np€¥/rsteg&/%od%7p t

durations is R o 5 D; / Do. The input video has been divided into
segnents such as shots | abeled 11 - Is24in this figure. The constructor
bui |l ds the out put productlon segnent by segnent. In this exanple, it has
already built 6 segnents, 01 to 06 and is about to build the next segnent.
To select 10 a new segnent the constructor follows the flowhart in fig. 5.
The process will now be .gﬁﬁrigfd with reference to both figs. 4 and 5.
The constructor first get$ tHe art time in the output production [501]
for the new segnment [403], labeled to in Fig. 4. It then gets a set of
parameters required for the new 15 segnent, for exanple fromthe style

i nf or mat i dn,othensvards thg relative popifiondid tb@gmammd olipettvideosdbowd de diat sangbout
effects_and transitions [502]. The duration then has to be adjusted [503]
to prodace a target segnent duration dT [404] for the segnment which is to

be taken fTi8chieudttidHeckd WRSGherdthte W @gﬁse%m&fﬁ%ftﬂlie &%ﬁ en?& t whlfchtxbl%h are

over | appl ng transiti.ons such as di ssol ves efore and after the gn”ent
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doubl e speed, the target segrrent duration dT has to be twice the duration

of the output SI\I\%ilQi-ﬁt do . The constructor then calculates a tinme ti in the
i nput W deo at d pet ¢rpss 2 segment baygramgn theinput wWdeq. dbrexampleeifithe 504] .
I'n sequenti al ' uction
be. appr oxi mat el ST g 4 ER g cnled 1R B, £ 4 Bitesk i YRGS Pkl U
this the inputbonndary b:eesymeldbngmwxﬂ mtdm:hjcbymhnmﬂaided chirinto the butpat | ocat i on
alculated as Jrgélllc%on A\i\% s% chn%nS ar51¢s:s2 1Ar'1 raw video material are often not clean cuts;
for example there may be a few bad frames as a camcorder re-synchronizes after
15 being re-started, making it undesirable to use material that crosses a shot
boundary. Referring to fig. 4, the question is whether the subsegment of video

between tjand the end of input segment Is [405] is at least dyin duration.

- Since this is a strictly sequential case, output material is always presented in the
20 same time order as it appears in the input video and may not repeat. Thus in
order for a subsegmentl to be selected it must start from a location in the input
video which is later than previously-selected material. The search logic may
optionally search backwards from t; but it must only go back as far as the end of
the previously-used material. (This is not shown explicitly in fig. 5.)
25
If such a piece cannot be found within the input segment at t; , the constrﬁctor searches
forward [506]into later segments looking for a segment which is long enough (duration
>=dr). However there is no point searching too far forward: selecting a segment far
ahead of the current location in the input video would not allow later segments to be
30 sequential . A suitable location in the input video at which to stop searching is given by
the formula ti.stop = Rio * (to+ do).
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sear chi ng |s gi veh by ornu
‘segment boundary i 1n the input v1deo and builds an output segment of duration dy from

two or more segments/subsegments of the input video [508].

15
Segment Selection: A Non-Sequential Case
In this non-sequential case (fig. 6) some of the steps are the same as in the sequential
case just described.

20

As in the above, the Constructor first gets the start time in the output production for the
new segment [601] and then gets a set of parameters required for the new segment, for
example from the Style Information, including the required segment duration d, and
data about effects and transitions [602]. In this non-sequential case, it also gets a set of
25 target descriptor values from the style information [603]; it will select segments which

match this set of values.

The duration then has to be adjusted to produce a target segment duration dr for the
segment which is to be taken from the input video [604], allowing for transitions and

30 speed changes in the same way as described above for a sequential case.
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non- sequen case ets a set of 25 target descriptor values from
t he stybe infor rratlon [603]; it will select segnments which match this set
of values.__The d Bon then t%ai. e adj usted toeproduce tfarget segnent
dur ati on der)foosruc segment can be fou d the coristructor relaxes a constraint - for

example, as in the sequential case above, it may build an output segment of duration d

from two or more segments/subsegments of the input video. (Not shown in figure.)

15 The Constructor then gets descriptor values from the media description for these
"candidate" (sﬁb)segments [606] and evaluates a distance in descriptor space between
each of these candidate points and the target descriptor vailues [607]. (This process is
further described below, and shown in expanded form in Fig. 7). Finally the constructor
selects the candidate segment corresponding to the candidate point that has the smallest

20 distance from the target point [608] and uses it in the output production [609].

Selecting Segments by Proximity in Descriptor Space

As mentioned above, there is a need to select a best-match (sub)segment from a set of
candidate (sub)segments. The best match is the (sub)segment which lies closest to the
25 set of target values in the “descriptor space” (an n-dimensional space in which each of n
descriptors is represented) — i.e. for which a distance measure between the given point
(coordinates defined by the target values from the style information) and the candidate

point (coordinates defined by the set of values in the media description) is smallest.
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(sub) segnment froma-set of candidate (sub)segnents. The best match is the

(sub) segnment which lies closest to the 25 set of target values in the

"descriptor space" (an n-dinmensional space in which each of n
2. In general, descriptors may be in different units with very different ranges. For

example segment duration may be in seconds ranging from 0 to 30 while another

15 descriptor uses a scale from 1 to 1000. To prevent this from affecting the
distance calculation, we must normalize the units to a common scale such as O. to
1. Such "unit normalization" [702] can be done using a straightforward linear

transformation such as: ’\,
20 x" = (x — xmin) / (xmax - xmin)

where:
- xis a value in native (not unit-normalized) units,
- xmin is the minimum value in native units
25 - xmax is the maximum value in native units

- X' is the value in unit-normalized units

3. Itis desirable that the system should produce satisfactory output for any kind of
input video material provided by a user, without any constraints. Thus the
30 system has no control over the spread of the descripfor values in the video

description. For example, consider a case in which a set of descriptors extracted
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transformati on SEETRLEPeasR g great many tngsy)c ?arl(y)g}pg)@nacggp; eigfRlfe: 25 x is a
value in native (not unit-normalized) units, xmn is the mninmmvalue in
native units xnmax is the nmaxi mumvalue in native units x' is the value in
uni t - ndfmal i zedOpaapproach to solving this problem is to exploit variation in the extracted

descriptors in order to create variety in the output video, even when the variation
is small. This can be achieved by "distribution normalization" [703]: i.e.
linearly scaling and shifting the values of the descriptors for each point so that

such clustering is eliminated or reduced. To normalize the distribution, we

15 apply a formula such as the following to each descriptor in turn:
X' = ((x -~m) * s* / s5) +m'
where:
20 - x 1is avalue before distribution normalization

- m is the mean of the input values

s is the deviation* of the input values
- m’ is the mean of the desired (output) distribution
- s’ isthe deviation* of the desired (output) distribution

25 | - x’ isthe value in distribution-normalized units

* For example this can be the standard deviation or the average deviation (in
their usual statistical definitions). The standard deviation is generally
considered to be more accurate in most cases, while the average deviation can be

30 calculated more quickly.
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desi red0 (out put) diestriptibnit-itoa common, standardized distribution. In this case the

o

distribution of each set will not necessarily be the same.

These two approaches may be used in different cases. Each has advantages and
disadvantages and may be supported in different styles. The advantage of a) is

15 that it tends to give unique matches because the distributions “lie on top of each
other”. Its disadvantage is that it discards any deliberate global bias of the mean
of the values in a style; in fact it becomes impossible to bias the mean of a style
towards either extreme.  For example, if we create a style in which all target
values of brightness are high, then option a) will discard that preference for

20 bright segments, giving the same bright/dark mix as a non-biased set of values.
Conversely the advantage of b) is that it can preserve such biases, and its
disadvantage is that it may not give 'unique matches so successfully since the
two distributions may not “lie on top of each other”. (On the other hand, since
the distribution of values from the Style Information is under control of the

25 system. designer, they can probably be made similar manually. But this may not

be easy in all cases.)

4. After applying distribution normalization, outliers in the data may fall outside a
given range. To facilitate the distance calculation it is usually necessary to

30 discard such outliers or to bring them back within given limits [704].
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A distance calculation which takes into account weighting and allows

15 descriptors to be ignored is as follows [705]:

D = SQRT (SUMp((lvga = Veal * 2) * wa))

20
where:
- D isthe distance for a pair of points (one given, one candidate)
- SOQRT is a square root operation
- SUMpis the sum over the set of significant descriptors (i.e. excluding
25 the pnes to be ignored)

- Vga is the value of the d'th descriptor for a given point

- Vcqis the value of the d'th descriptor for a candidate point
-~ 2isasquaring operation '

- wgq is the weight for descriptor d

30
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10~ for example a brightness descriptor in the Style Information is matched to a brightness
descriptor in the media description. It is also possible to use indirect matching, in which
the set of descriptors used in the Style Information are mapped to a different set of
descriptors in the media description via a mathematical or algorithmic relationship. For
example the style information might have a “PeopleEnergy” descriptor defined as:
15

PeopleEnergy = 0.6 * Log(Activity) + 0.4 * PersonProbability

where “Activity” is a measure of the total average movement in a video segment and
“PersonProbability” is a measure of the likelihood that the segment contains images of

20  at least one person (for example using a skin-color detection algorithm well-known in -
the art). Such descriptors, defined by a mathematical or algorithmic manipulation

applied to one or more other descriptors, may be termed "derived descriptors".

It is sometimes effective to define target values in the style information in terms of such
25  derived descriptors, because this allows the use of “higher-level” descriptors which are
closer to the kind of semantically-meaningfﬁl descriptors understood easily by human
beings. In the above example, the style information would contain target values for
PeopleEnergy while “Activity” and “PersonProbability’; would be extracted by signal
analysis of the input video.
30
If derived descriptors are used, the constructor logic can calculate values for the derived

descriptors by applying mathematical or algorithmic manipulation to the lower level
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"deri ved d@g@ppl& uld'be placed in the output production, whereas optimizing the selection of

material is primarily concerned with which parts of the input material should be used in

the output production.

15 Present techndlogy does not provide techniques to determine the semantic content of
video or images reliably across all kinds of material using signal analysis techniques. It
is therefore impossible for an automatic system to select material exactly as a human
video editor would do it. Furthermore, this is a highly subjective subject: different
human editors would select different material. Nevertheless it is possible to bias the

20 selection of material in such a way that the majority of users will judge it to be more
interesting or superior in quality to the average of the input material. To put it another
way, the goal is automatically to select material which is generally "better", at least

within certain types of material, than an unbiased set of samples taken from the input

material.
25
Here are two examples of how this may be achieved:
1. Across many kinds of content, material containing images of people will generally
be considered more interesting than material not containing images of people.
30 Image processing techniques for detecting the presence:of human beings are well

known in the art - for example using skin color, face shape, or body shape. Using

such techniques, it is possible to calculate a descriptor which represents the
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video material is handheld (this can be determined by analyzing the pattern of

movement in time, or it can simply be information provided by the user in response

15 to a prompt) and then, if it is handheld material, to select portions with low camera

movement.

These techniques may be provided as options which a user of the system can invoke
when desired. Alternatively they may be invoked when the user selects certain styles
20  and not invoked for other styles: for example the low-motion handheld techniques just
described may be desirable in a style intended to produce output productions which are
soothing or "laid back", but not suitable in a style intended to create high-energy, fast-

paced productions.

25
The Media Scene Graph (MSG)
As explained above, the MSG is a data structure produced by the constructor which
completely represents the form of the output production. In this sense it is related to the
concept of an edit decision list (EDL) well known in the prior art. However the MSG is
30  also the primary underlying data structure which the user interacts with during touch-up,

while a typical EDL is a linear structure which does not lend itself well to this kind of
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The MSG also has one or more branches for timelines. Fig. 8 shows one main timeline

[807] and one overlay timeline [808] with purposes similar to the two timelines of Fig.
15 2. The main timeline contains an entry for each of the segments forming the output
production including segments derived from elements of the input material [810] and.
blanks constructed by the system [811]. Transformations [812] éf those segments and
the transitions [813] between them are also specified; these are in the form of references
to the transformation and transition definitions mentioned above. The main timeline
20 may also support an additional level of structure in the form of sections [814], each
corresponding to the use of a single sub-style (see " Creating Variety in Edit Parameters
" above); this facilitates user-selected touch-up operations which are to be applied to
entire sections of the output production. Finally, the overlay timeline [808] specifies a
sequence of overlays by referencing the textual [815] and graphical [816] definitions,

25 optionally including animation information.

The entries for segments, overlays, etc which comprise the timelines contain time data

relating both to the output production, and in some cases to the input material. For

example, for video segments it is necessary to specify a location (such as a start-time)
30 and a duration in the output production; it is also necessary to specify the source such as

a start-time and duration in the input material.
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containing the input material

15 2. A control allowing the user to select a style [902]. For example, when this is
invoked, the user can be shown a list of available styles and prompted to select

one.

3. A control which causes the output production to be created [903]. For example,
20 this can prompt the user to give the name of a file which will store the output
production. Once the user supplies this filename, the main processing modules
of the system - the media analyzers, the constructor and the renderer - are

invoked in order to create the output production.
25 There is also a standard control for closing the program [904].

A variant of this is shown in Fig. 10. This has five main user controls, such as buttons,

for performing the following functions:

30 1. A control allowing the user to select the input visual material [1001]. For

example, this can prompt the user to give the name of one or more video or
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the user to selegplanhfoey bmaivertisiicamesheds98d. 1. For exanple, this can pronpt
the user to give the name of one or nore video or image files -

4. A control allowing the user to select or define a style [1004]. To select a style
15 the user can be shown a list of available styles and prompted to select one as
described in the previous example. To define a style, the user can for examplé
be shown a form containing the values of all the parameters of the style

Information and prompted to enter or alter the values.

20 5. A control which causes the output production to be created [1005]. This can
prompt the user to give the name of a file which will store the output production
as described in the previous example. Once the user supplies this filename, the
main processing modules of the system - the media analyzers, the constructor
and the renderer - are invoked. In this example, the visual material is edited to

25 music to in order to create a music-based production as described below, and the
music replaces or is mixed with fhe input soundtrack. The text and graphical
elements are then overlaid to produce the output production. The text and

graphics may be animated to the music as described below.

30 There is also a standard control for closing the program [1006].
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o Pre-selection of content. This provides an option for the user to select or de-
select elements of the input material (such as segments of video, music or
15 soundtrack, selected images, or regions within images or video frames) prior to
automatic construction. The user identifies elements of the input material and
specifies whether, where, or in what sequence they are to be used during the
construction process. For example, the user may specify that a particular
segment A must be included in the output production and must be the final shot,
20 that another segment B is optional with a certain probability of inclusion
depending on other factors that arise during construction, that a third segment C
should be included only if B is included and must occur later than B in the
output production, and that a fourth segment D must not be included. This
process of pre-selection may be assisted by the media descriptions: for example,
25 segmentation information in a video description can be used to present input
video to the user as a series of shots; this is generally more convenient for the
user than a single contiguous piece of video. Information from the media
descriptions can also be used to categorize or cluster input material in ways
which help the user: for example a set of input images or input video segments
30 can be presented to the user in a set of "bins" each containing a set of images
which are similar in some respect. The user can, if required, refine this

categorization manually by adding or removing items from the bins; she/he can
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automat e the edinyiardaRf SélSot a'shbeR 0Nl ibaMAedlOuiipSeif iR BRI tndgds very
case. Depending on the nature of the input ma%erl al “and the app |§at|on in

questi o, an ouffsue begerslerndiie mopackometin thef outpyt prodestioni Qiickygaimy not mat ch

the user's prefegre | Ll Thus it e desirabl.e t
support featur egﬁtpgl%ﬁ?rg%d&ggsggé%gragg%%q%%{’t%thoéha%dsglu%g%aﬁg‘fBBCEDI IBEOI ation
content. This pfrow e snedin dystrimiont 0in b@sddtBrasis thehes! FoF exhamlsteect

el enment's of the i néaut material (such as segnents of video, nusic or
systém can categorize segments of the input video input by brightness, present

the user with the set of segments which fall below a certain brightness threshold,
15 allow the user to add/remove segments from this set, and then let the user
specify that the brightness of these segments is to be increased by a certain

percentage in order to enhance their visual quality.

o Touch-up of the output production. This allows the user to edit the output

20 production affer automatic construction, for example by replacing video
segments of the output production with alternative segments from the input
material while preserving the duration and effects applied to the segment, or by
changing some of the transition effects, by adding or removing special effects,
by overlaying additional text or graphics, etc. Yet again, information from the

25 media descriptions can be used to assist the user in these operations. For
example, when the user wishes to replace a segment of video in the output
production, the system can present her/him with a representation of a set of
alternative segments from which to choose. These segments can be listed in
order of their similarity with the original segment according to a similarity

30 measure derived from the video description. In a variant of this example, the

user can be presented with two options such as "Replace with Similar Segment"



- 15 soundtrack, selected inmages, or regions within inmges or video franes)
prior to automatic construction. The user i de\r/:;ll fies el emen‘g SUN Qﬂﬂﬁtl nEut
mat eri al i fies whether, where, or in at sequenc I o0 be
used duri‘?lgq%/ﬂiﬁ%gonstruction process. For exanple, the uslg?f/nggw@é%ci fy
that a particular segment A nust be included in the output production and
must be the final shot, 20 that anot her3 segnent B is optional with a
certain probability of inclusion depending on other factors that arise
during construction, that a third segment C should be included only if B
|'s included a“‘?"T@Sﬁfac@%Hern%&!ingt$§§1@t";$ﬁ&%e u9éF}&'§%e1Q§t%8%ﬁé bPfhesNd that
be. 2551 ot od by Cptionsydi gstesvill mgrins suitsbis diampive sefesegnent ati on
. be assisted by n wili pap suifabie ,segine _ _
information in a video description can be used to present input video to
the user as a series of shots; this is generally nore convenient for the
~user than a singlygit€ aiffekdi ekinMe ¥FRoRf inttr &8 on fd’h{ﬁ%{iﬁtdegé}i t{oﬂr&% BE ORI a
descriptions can al so be used to categorize or cluster Input material in
ways Wwhi ch heltp assi® thesmanud gouchuprpbecsa comternsfthe nﬁetwhqmtjmsomurt]’l npu% vi deo
segnents 30 can resented t.o the user i set. of hins' eagh, containing
a set of inagesprg@]cﬁgﬂlsa?’gmg’icrﬁarq%fr?rioﬁugme%%@g@ ST “?é@rmli%lﬁ,?ﬁ .
romthe bins: SRl hocan 10 JoR o0 P ol CosEa RIS Lo
romthe bins; she/he can \| \ |

tthe)n ?ppl y j[nst@&_@’ﬂﬁ“&&@@&é@é@%ﬁ?@fab‘f\?éu@ ﬁﬂ@ﬁf&tﬁ?f:,t?lsg@ésmug_l;?ilc};)trjgs}'aes
etc o entir . - . : )

an option for 1(:-:1 H’grﬁételr ?éorms%gﬁgogg ﬁg:rr{1§51§§es§!ﬁ¥){>}c?xp%% %erusteg t% r}‘_g)ur?ﬁﬁ fouc

C]?nSth rueti otn, agpEe tzr;ion:.; whivh the uwﬁfﬂa@mﬁmg:irmnamﬁetllysd;ggf??mh]t ﬁgtteﬁgﬁdlm enent s
of the inpu erial, r exanp e the uyse _
transition ef F‘:th? guippt Rrﬁgu%@flﬁatdl%ﬁm@ﬂﬁl@ﬂwaﬁiewsnts|sa@ba?;nm fﬂg ﬂiasb@fr t ai nOr
section of the & pbrifHIE dHEREd WEneK [ s bt e SHASACAR5 ks BALY €S-
she/ he my manua Iymsel ect subset eg%’ stq’ﬁe ela{r?ptr}t_ |m§gS%l écr?g slpgmﬁjfy t hat -
those i mages  music. For example, as the user alters a cut point between two segments of the

output production using a standard GUI operation such as dragging, information
15 from the music description can be used to cause the cut point to jump between
times in the music at which the amplitude of the music signal is high or there is
other indication that a strong beat is present. A related option is to use
quantization, a technique well-known in the field of music sequencers, in which
event boundaries are aligned to a timing grid which is itself aligned to the beat

20 of the music.

The GUI for supporting these manual operations can be constructed using standard
elements including lists, hierarchical representations (such as those used in file
managers), visual thumbnails, audio waveform displays, timelines, clip windows with
25  transport controls, etc. These elements are well known in the art, being common in
tools such as Non-Linear Video Editors (NLE’s), image editors, audio editors and other

media-processing software.

The invention can also be embodied in a non-interactive system which simply presents
30  output productions and does not include any GUI elements for normal use (although
such a system does require a GUI for configuring and managing it). Logic for an

example of such an embodiment is illustrated in Fig. 11. This is suited to creating



10 are to be rendered in nmonochrone in the output production. Once again,
automatic processes such as segnentation and clustering basdd Jg$r008™ .~
i nformat i J t he nedi a descriptions can be used to assjist the user.
For examw O%/ﬁf‘é%?system can categorize segnents of the inp'fET/WQPéQ?anput by
brightness, present the user with the set of segnments which fall below a
certain brightness threshold, 15 allow yfie user to add/renove segnents from
this set, and then let the user specify that the brightness of these
segnents is to be increased by a certain percentage in order to enhance
their vi susltpambdictionofrdniieputhatefial WECH fdiling! @aHEIISEE, fobtksmpld ows the
user to edit the output 20 production after automatic construction, for
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descri pti o[r]ré éalri B ﬁ]ﬁe@sa canysipdy be randem sedactions fromaanuspher af prfinss, euthe
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of  al t er ndestnpticnelgyme prosedsrof mesvhniptdr matching as desclibed elsoeigsre i iscan be |i st ed
I m segnent according to a

in order of thejr.simJarity with.the origjnal t
simlari tygmgs %SY§ m%% hﬁ%’g‘ﬁﬂ{lﬁém?f‘ﬂ%ﬁ ngeds e Make 8R oulipyt prodietiamt  of
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to assist rehdy fomauethet odiction. WRAREFoCBRCRERRIHAR osfaﬁeinga/tﬁrog Wdied Beput

production is,a nusic-based production, Wen video is "edited to nusic" by
provide automatically-constructed audiovisual productions at regular intervals to people

in a public space, where the input material is being captured from a live camera.

15 '
Music-Based Productions .
The embodiment is particularly suited to creating output productions in which the
processing and timing of visual elements is governed by the characteristics and timing
of an underlying music track. This is sometimes called “cutting to music” and is

20 common in music videos, animated productions, promotion and marketing videos,
television commercials and many other forms. Such productions are referred to as

"music-based productions” in this document.

The general principle of music-based productions is that the music acts as the time

25 reference. The visual elements are manipulated to conform to the music, but the music
itself is not altered. Visual elements to which this may apply include motion video,
images, animation, graphics and text. In addition, some non-musical audio elements
such as speech and sound effects may be manipulated or positioned in time in ways
which are influenced by the music. In general terms, the music is "master" and the

30 other elements are "slaved" to it.



~experienced video editors, the usual practice is to match certain visual
el eménts to certain timng characteristics of nusic such as4lgediN. W this

case, rmati on derived fromthe nusic descripti @ sed to
i nfl uence %6’8#3&% up operations which the user is perfor nfﬁﬂgﬁﬁ% i?fy on
the visual material of the output production so that tinme-critical visual
events such as cuts and flashes are augpmatically aligned with beats,
sub-beats and other significant tines in the nusic. For exanple, as the

user alters a cut point between two segnents of the output production
using a stMlusha#hzhsﬁJIbrodpettcais|a0mccﬁjmbcta$u§ihggguﬂﬁ>cr b etiniRiek OThdde from the
nmusi ¢ descri_pt.i on cgn be .used to cause the cut point to junp between tines

_in the nusFehnigusgnto ﬁyﬁﬁée‘éﬁ‘ilﬁmoﬁlﬂa@eo?lﬂlﬂ REPeipssional; egitars, nﬁhﬁfv‘(élﬁ or there is

ot her i ndig wmktthat a strong beat is present. Arelated option is to use
quantlzatlon echnique well-known in the field of nusic sequencers, in
- which event boundaries are aligned to a timng grid which is itself

aligned_to the 20 0of fhe nusi The, GUI far supporti t hese nanual
oper ati ons canﬁ ‘écliﬁggrﬂicﬁeﬁ%lvhﬁm%’?’éﬁ&‘é]r’dus‘é?@ F@efiﬁéFrgthﬁiFdthsts

hierarchical r ewrﬁégéﬁeﬁél'cﬁﬂﬁct(eﬁk’tm o@ﬁaetrﬂﬁﬁg stHoAl }sr’teﬂlt}v\# ﬁ(jﬂo\g\gﬂ\%}g{e{ﬁi e vi sual

t hunbnai | s, audi o waveform di splays, tinelines,
transport cont rioudnesesand GWhE’éldewl@lﬁpmcswadéenﬂegy” Iﬁwwnampﬂe; hemtlie, being

I h ' d
i o el tor o aRHSBE G s AL e i calal R GtioRARLbe sansibiR AOROHORA al S0

be enbodi ed in shonenavéthgy dhfiotLarkMas &M«brﬁ*’be&%@ﬂ' s}ioﬂrvﬁﬂ%tf%ter?’gs ﬁgﬂ put
productions and does not include any GJ elenents for normal usé ( t hough

such al8ystem dwer hsypli qus anddemwer dow linsdivgsr Theymasidalrhamgierigtidst ) . Logi ¢
for an exanple, l.l ustrated in This is
suited to creat |0(r211fg5r Tl% S%@W%&%ﬁ%@%@f?‘g&ﬁ%ﬁ%&%@k&ﬁ%t
productions fr osectioptd sertibewithin Mnglb plste df Fiuéld? GoreRBinbRUBS Sdn¥rgyP Wveg X anpl e
video or inages. froma "web ¢ ah1 tE‘hamﬁra connected to the Internet).
Material is in many pop songs 1s gher in oruses than in the verses. A professional

video editor will sense this and use a faster editing pace in the choruses than in

15 the verses.

- The selection of visual material may also be influenced by the general
characteristics of the music. For example, video with brighter colors or faster
motion may be selected to accompany music with greater energy, and darker or

20 more static visual material selected to accompany music which is slower or

quieter.

— The timing of cuts and other transitions in the video will generally be
synchronized with the beat of the music or with the timing of significant features
25 of the music. This is sometimes known as "cutting to the beat" and is used

extensively when video material is edited over a musical foundation.

- To varying degrees, the timing of events within shots of motion video may also
be synchronized with the beat of the music or with the timing of significant
30 features of the music. This is particularly true of motion events involving an
abrupt deceleration, such as collisions between objects. For example, if a

professional editor is incorporating a shot in which a falling object hits a floor,



captured fromthe camera until a certain quantity or duration has been , |
collected [1101]. At this point, a style, and optionally a pie i nput
nmusi c, d automatically 5 [1102, 1103]. These ca '%?ggﬁ?
randonlséﬁgizhgﬁégfronla nunber of options, or the style f can be
mat ched to characteristics of the video description / inmages description
by a process of descriptor matching as gescribed el sewhere in this
docunent. The system now has the information it needs to make an out put
production and it does so [1104]. Finally it sends the output production
to an audi ovi sushe/idiis ikely td liglethiomentwiak adtrohd bédiRe bthef BridbiheNt e9énta
tel evi sion set [1 05].. During the creation and delivery of this output
production, thi®t ?gmﬁﬁican continue capturing material ready for another
production. One use for this enbodi ment of the invention would be to
provide automatically-constructed audiovisual productions at regular

i nterval s to-pebptlermor, thepelebiion &&Ht@xmng\/&f%pecﬁlf'&‘fdc&mpblﬁ@t@ﬂlbthddoSs bei ng
captured from aél ve _canmera. 15 Musi c-Based Productions The enbodi nent is

particufarly sufitdnflaenced By cheFagiatipies opthsaupsie-oRer ¢xamitle.dleshesanaypbocessi ng
and timng of v I timng
of an under|yi n%lé!#ﬁéﬁif?t?ﬁ%%tﬁ slﬁr%ng%a% gﬁ%’? 1|y %Hl?n&?ﬁ{%?qtagéh § 8§?§H%{Jsi c"
and i s 20 commuoinedza-franss effect thapde applietedt ecstgticaorabntdn She mumm@rlmwg&d

mar keti ng vi deos | evi si on i:g rcials and many ,other forns. Such

productions are “P‘éis%aﬁ‘?éamfd'lsé’? SRISPAY B3 aRRf! rtBGHEfqSéﬁ%@nﬁcﬁﬂﬂﬁr%mlﬂocurrent
The general prifgeRddpletn MHRiske-RAS A BMBAYMARE 988 & cts as
the tine 25 reference. The visual el gmegmé Bn% p%hg%‘el ﬁh?(r)ﬂﬂg%% o?mto
the nudPc, but thhaermessnay be psveelitedmmono@lrd)me,emﬂevﬁhswsluabmetmald the whi ch
this may appl y ude not i mages, ani mation, graphics and text.

I n addition, ‘lf%%ﬁ %‘Srﬁﬁ%ﬁ‘*&%ﬁlaé‘gfﬁdlaﬁ enents such as speech and sound
effects may be mani pul ated or positioned in tine in ways whi ch are

i nfluenced by the nusic. In general terns, the nmusic is "nmaster” and the 30
other el ements Qveleyssushes 'tf”ft@nﬂtgfapin% ny\beinfigenopd by zhameBsistics of the

PCT/ SGOQ' 00197

music. For example, the times at which these elements appear or disappear may
15 be linked to strong beats or other prominent musical events. They may even be
animated to the music so that their appearance and motion is dependent on the
music: for example they may be animated to jump between different locations
on each musical beat, or change size or color at certain times related to the
musical structure.
20
In summary, when visual material is to be edited to match music, the professional editor
has available a repertoire of techniques across a range of timescales, from the "micro-
structure” of musical beats or even subdivisions of beats, all the way up to the "macro-
structure" of the main sections comprising the piece of music. When this is done
25  successfully, the effect on the viewer/listener is enhanced: music and video are more
likely to be perceived as a unified production and the emotional or dramatic impact is
enhanced.

The embodiment automates the creation of music-based productions in several ways

30 which will now be described.



. 41 Muisic-based productions are constructed using a nunber of techniques.
- These techniques, today achieved through the skill of profgspiJoN

editors, | he following: 5 - The editing "pace" of '
mat eri al ‘?Q%g}g%ﬁy governed or influenced by sone gener ar&gﬁg%@#g;ri stics

of the music such as its tenpo (i.e. beat speed), |oudness, and overall
| evel of perceived "energy". For ‘exanplg; when the nusic is faster or
| ouder, the output production will be constructed fromshots of shorter

average duration and the transitions between shots will be faster, using 10

nor e abr upAutbuisgtioarfor MewkRBHSEOPrddisseisves. The nusical characteristics
controlling this not only vary fromone piece of nusic to another but also

~from sect femnatyreeiihe wysigiapslyzer 41 56)rag anysiedescriptionuil ) hdverbeex prgstated he

"energy" | | s _higher_in the oruses than in the
verses. A %D\rb%# g;slg i[evoe%% a@?@@ﬁ@%ﬁ%& S%Ie?? aéﬁ%’é“fhﬁqhgtﬁ%ﬁ?a g%ogn’%l%t er

- edi ting paoased prdduetioiosay beaufolitibed dt fadifitdtéte TIGE 8§ct of O gRRlGLHAIPN Of
vi sual materi %Ie may al so_be influenced by the genéral characteristics of

the nusPc. RgwPe &uatasIdescriprdieo with brighter colors or faster notion may be
sel ected to acconpany nusic with greater energy, and darker or 20 nore
static visual material selected to acconpany nusic which is slower or

qui et er. -Ofisintpleivay toatvhteditmgdtyde kemusicanabiuioR o tontid1ehy/édigse Wi | |
general ly be s%nc roni zed wth the beat of the nusic or with the timng of
si gni fi cank@RRgErT dedinsng e visnel chawcter offhecoutrnt peediction dirgetbidions " cut ti ng
to the beapara@B@rd §F tHS BfisicLERHTLY E %&% i t e i pted pver a
nmusi cal fﬁmdat [ (r)n-. - TOSI\?aryifrilbg geS%ees, lﬁ’eﬂ?%ﬁg&g#@l@\}gﬁfgg\%t‘]ﬁ?&; shot s
of notilen tpiagatrohtey catting spérd (Serinverenoizibe avérape sdpmenedibratibny, beatsushghor

with the tjiJm f..sianificant 30 .features,of the ic. This |s
parti cul a_.rlllls?d?(? ﬁ@nt&qsl tﬁ%rtalhg H?a‘é}éfﬂ %‘ﬁ‘ﬁ‘(ﬁér RN .ugﬂess H%ﬁ@oﬂgeﬁék’ﬂgbﬁﬁﬁs such
as col | i si oMeghehtoseobifien] te ik vRIaMB & strhibhfforvRA@ PSR thisRIddOR | S
[ ncorporathng a shot in which_a falling object hits a floor, '
ast-cut output production will result if the user selects a piece of music with a fast
tempo. Or, to take another example, if the user selects a piece of music with contrasting
15 loud and quiet sections, the output production may have corresponding bright and dark

sections.

This approach is effective in some cases, and the invention allows for it to be supported:
for example, it can be implemented in certain styles, so that the user can select this

20 mode of operation by selecting those styles. However, this approach has limitations
because it relinquishes nearly all control to the music. For example, if the music ié very
uniform, the output production may be monotonous, because the mechanisms described
above for introducing variety are not active. Conversely, if the music has many rapid
contrasts, the output production may lack coherency. So this approach tends to lack

25 robustness to different pieces of music: it may produce acceptable output productions

for some pieces of music, but is not guaranteed to work for a wide range of musical

pieces.

A more sophisticated alternative is to select styles and/or sub-styles according to the
30 characteristics of the music, but then to allow the style information to control or
influence the individual edit decisions. This produces results which are more

predictable and coherent for any input music, because all edit decisions may be placed
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" decisions which are stored in the media scene graph [1205]. This diagram shows how

the music description may be composed of two parts, a macro-description [1206] and a
micro-description [1207], each performing substantially different functions.

15 |
The music macro-description [1206] contains a description of the input music at the |
timescale of major sections of the music, such as introduction, verse, chorus, etc. The
characteristics of these sections are represented by a set of music section descriptors
which are used to produce a sub-style sequence [1208]. As mentioned above, the sub-

20  style sequence defines the order in which the sub-styles are to be used to generate the
output production. Once the sub-style sequence has been established, there exists, for
any time in the output production, a corresponding sub-style. Thus, when edit
information is required for a particular time in the output production, that information
will be supplied by the correct sub-style.

25
The role of the music micro-description [1207] will now be described. Referring back
to the case, described earlier, where there is no input music, the information passed
from styles/sub-styles to the construction logic [1201] is effectively a set of edit
commands, and the construction logic attempts to obey these commands if at all

30 possible. (It may not always be possible, as some decisions'depend upon the
video/images description - see the discussion above about video segment selection — but
generally it is possible and where it is, the construction logic will obey the command.)

X
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[116] an i escription [117] have been presented ab have
al ready iqvniro%%(szée%d several ways in which the creation of (r)ryhs/%? dggsgd

productions can be automated or facilitated. This aspect of the invention
will 5 now be further described. One sifgple way to match editing style to
music structure is to control the editing paraneters defining the visual
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bright an ke I ' by Sh. eghtVe Lk and
the l nventian TAy Sfidhe (SscalbititaRl BERSENY i flal.0 el Eab it n BN,

i mpl enent o be msebiotgrheratst g bariss of Sedih hintd™h Fouseammlajoreddind of ¢dif l§n20 node of

operation selectin Qse,. styl es. Howev thi s, apprqach has.limtations
because i tv%% I%e% ieﬁggé Hgg&]yfréxplarggﬂg%pﬁ%@egﬁ%r { i’é‘%lcl"—i&‘r“ d&ple, if
the nusi c desirat¢ to profuce@rsegmentaraiditiatin BROSUBEH RENTEYN BEa BB ARRYAch
because the nechani sns descri bed above for 1ntroducing variety are not

act i vel0 CéaoBMASEIOPE beat of He TEE-c has nany rapid contrasts, the output
production may | ack coherency. So this approach tends to | ack 25 robustness
to different pieces of nusic: it may produce acceptabl e output productions

for sonme @medhe nfb-stylsisequehed hdshean eregtedl] tiatcegdniconigic {1201 piswblgor ange of
nusi cal [ q&es. , ' .
uild the MSG as follows, starting from the beginning of the output production and
traversing to the end of the output production:
15 '
- Acquire edit preferences relevant to the current time in the output production |

from the sub-style corresponding to this time.

- Acquire edit hints relevant to the current time in the input music (which is
20 directly related to the current time in the output production) from the music

micro-description [1207].

- Where required — when making a decision relating to segment selection - acquire
descriptor values from the video/images description [1203].
25
- Make edit decisions by combining these inputs and store the edit decisions in the
MSG [1205].

The two major aspects of the above will now be described in greater detail by example:
30 first, how a sub-style sequence matched to music macro-structure can be created, and
second, a way in which the constructor can combine edit preferences with edit hints to

produce edit decisions.



A nore sophisticated alternative is to select styles and/or sub-styles
according to the 30 characteristics of the nmusic, but then 3@ ayN @it he
style inf i to control or influence the individual egj i S|.ONS.
This pr o&’%@héﬁggsul ts which are nore predictable and coheﬁeé*(?g?@{’(ﬁgﬁy

i nput nusic, because all edit decisions may be placed 10 JUN 20% WO

02/ 052565 PCT/ SGOQ 00197 44 within boungks all owed by the style information.
It also allows the style information to create variety even when the nusic
is very uniform for exanple using the techniques of stochastic generation
and val ue cycling described above. 5 This approach conforns nore closely to
the central construction principle of the 1invention described above with
reference to Fig. 3. It will now be el aborated for the case of nusic-based
product i O”éreaﬁﬁégsgﬁf’s_‘iﬂg%%@#&%e ﬁ%hegl%% Nﬁ?SIQlf Makgb@%ﬁ'@@gcous case discussed
with refer 3, 1 10 receives

i nf or mat i Ofhd gemerdl ipeinsipid wsed td aramtisab-sfyl@ fjuendehaatehetbto/theamgeie Mo+ i ption
[ 1203], and the pusic description,[1204], In response to these inputs it
gener at és %EHCF“G lojuse Fﬁé’nﬁﬂrﬂ‘?‘t‘g\“&g’@ts&?%ﬁ tephnige tﬁé’éﬁtéleg“é@ﬁa iydetall [ 1205] .
Thi s di agr : L b idd onposed of two parts,
a nacro-de%d?rv?g(? :’%}]&F}%‘%b%ﬂ ?g%@%&nﬁﬁﬁiﬁ%@ﬁo%&%ﬁﬁlzm] , each .
perform ng substantially different functions. 15 The nusic

macr o- desc, tion.[,1206) confains a descri.ption of .the input nusic at the
T mescal o DRRiE B HUSHEPaR tobrpmiss A a8 seaiende linersulE e St gt
chorus, etgchhfthe SRRACHRWNShIFES 19f ,mﬁges‘;ﬁw%%%gﬁaﬁe%fﬁluﬁﬁ%&&ﬁﬁt[?ﬂottjy a
set of music section descriptors which are used to produce a sub-style

sequende [fpHovjng Astruatyreifounsdnatesy @opulaesengs: Introdugtion, Yerpedn Chousf etnes t he

order in ich th styles are .be.used. to_genera t ut
product i o\rll\fh%ﬁ%%ee ’?’ﬁ%ﬁg%’-%{’%'%’ '()sngﬁ%%%%xgh%gﬂggéﬁtg%sstuébslg)ﬁ%ﬁwggpzf ﬁlél%e exi st s,
for any tiegaerce dffieesouiipstyleg-SSBCSINITS40eteath HES HRmehlOdissHO ss-ytyRe Thus,

when edit information is required for a particular tinme in the output
product i onSCABHKE- i nformation will be supplied by the correct sub-style.

15 Before proceeding it is worth noting two features of this example. First, each time the
same ‘music or similar music occurs, it is linked to the same sub-style: for example tHe
chorus is always linked to SS4 in this case. This is normally desirable whenever the
music sections are very similar, and the procedure about to be described will cause this
result in many such cases. Secondly, there is no requirement for all the sub-styles of a

20 particular style to be used: there is no “SS1” in this figure, implying that sub-style 1 has

- not been selected for this particular piece of music.

Fig. 14 shows one way in which such a sub-style sequence may be derived

automatically from the structure of the music. First, a set of descriptor values, one set
25 for each music section, is acquired from the music description [1401]. Suitable

descriptors for a music section include thé duration of the music section, its average

tempo, loudness, and beat-strength. Many other kinds of descriptors can be used, such

as those listed earlier, and as mentioned, they may be generated by signal analysis,

produced as a by-product of the music production, entered manually or generated by
30 any other means. The only fixed requirement is that the set of descriptors for each

music section characterizes some perceptually-significant qualities of the music section.



~ 25 The role of the nusic mcro-description [1207] will now be descri bed.
Referring back to the case, described earlier, where there it0 RN 208t

nmusic, t ?ﬂgs%ggat i on passed from styles/sub-styles to %/&9&%“99“ i on

logic [1 I'S"éffectively a set of edit commands, and the construction
|l ogic attenpts to obey these commands if at all 30 possible. (It may not

al ways: be possi bl e, as sonme deci sions- 47depend upon the video/inages
description - see the discussion above about video segnent selection - but
generally it is possible and where it is, the construction logic will obey

t he commarmthelnexdktdy] [ J409] 2005Tetridl Gdh0the 56% M RGOR 201N arket HpeaNer, 1N
t he case of nusic-based productions the information which the sub-style

. passes t o VaHESOSSELIQr eachrsubrtyle. il Be setobtargat values By  Aelostyle qoasiduiss af er Snces
b , . . o '
? ; gmt ? heewdeéﬁlcﬂt%ﬁ’??gﬁgg hég?ée?ﬁ%%sf %ﬁm{‘sﬁg%]&qg{rs é{@gtﬁ Sél %Q@M@culﬂﬁf e

. mi cr o- desavdlpmbhed N tBipivally thkes afd @edtehbpthetshee dediphdr bylsshemal pidaess
timescal e of bars, beats and sub-beat. This description_can include, or be
used t oS geH&RisrIBE agelQditprget wluesdar ¢achspb-gtyle. Aipr exampln, hepthe %ylad of edit

hint, Wi eligha B APRIAH A 5BRE (X, SIOlhiRh WRhins AREAGHECARE GLLEE O
i ndi cates TRAC i1 18 - desirapl 6°to produce a segnen Cranst ton I'n the
out put pr ddutheipoefemtd segoent dunation, ietrednced aidven shehe amightrdefige emthiofult-he

musi c. Once .the sub-.style sequence has. been, created, the construction |ogic
112011 1 o bap & hedt i for nh et s high FOREIE BER R 1P b e BOGERR ng o
the out pUFstx@ﬁQﬁ!&%&drﬂ%r@,rﬂﬁtistﬁcﬁ‘dﬁ?éideﬁtanOM}%sﬁnd of the output production:
15 - Acquire edit preferences relevant to the current tinme in the output

producttfon fromthe sub-style corresponding to this time. - Acquire edit
directly rarettel FHETERaIR A nallck (s tBrn TS Ratibaer BRen Bhviene
nmusi c sections and sub-styles. This is similar to the process described above for selecting
input video segments in a non-sequential case, and the techniques introduced for
optimizing the calculation of proximity (see Fig. 7) may also be applied in this case.
15 From the set of distances, a “trial” version of the sub-style sequence can now be created

[1404] by assigning the closest sub-style to each music section.

The next step [1405] is to check the sub-style sequence for undesirable repeats. This is
neceséary because, even if techniques such as descriptor distribution normalization

20 (described above in connection with Fig. 7) are applied, it may happen that the same
sub-style gets mapped to too many of the music sections. This is particularly
undesirable if the same sub-style gets mapped to two music sections which are
consecutive yet different. Note that in the example presented above with reference to
Fig. 13, the only consecutive occurrences of the same sub-style are the three

25 occurrences of SS54 [1303] which occur because the Chorus repeats 3 times. This is a
desirable case of repetition, but any other repeats in this example would probably be
undesirable. Such undesirable repeats can often be detected, for example by checking
whether the total number of occurrences of one sub-style exceeds a certain value or the
total duration of consecutive repeats exceeds a certain time value.

30



m cro-description [1207]. - \Were required - when neking a decision
relating to segnent sel ection - acquire descriptor val ues frqq} i ZMS
V|deo/|nqg§ §g;|pt|on [ 1203]. 25 - Make edit deci sions E T&g@ﬁ bd1b4'9
t hese inputs and store the edit decisions in the MSG[120 ? mo maj or
aspects of the above will now be described in greater detail by exanple:

30 first, how a sub-style sequence matchgd to nusic macro-structure can be
created, and second, a way in which the constructor can conbine edit
preferences with edit hints to produce edit decisions. 1 0 JUN 2005 WD
02/ 052565 HGULISERAYHAIO Tepbhts Qi€ fiundgihey el RhinhRd PR 'B?Qeﬁ\rﬁélﬁ? 6t 8r Musi ¢
Macro- Strugture The general principle used to create a Sub-style sequence
mat ched to(ileﬁé btpdesdn e sub-style sequence wath alternatiyessugh 96 themeast-nearest isirg,
simlar te | | bove for selecting |nput

vi deo segrrgt {&sﬂﬁgacgles%%]?g%cgfgﬁ%%@ﬁqswﬁ @2%39]9%8 ‘'of this process is to
produce a sub- style sequence linked to the nusic structure such as the
exanpl e _shgwn in_Fi This, a sequence of nusic sections [1301] 10

13. sho
fol | owi Ag e%%“ﬁ%ﬂ%‘%%&ml@%’a Sm@éaﬁ%&@a\ﬂ%’f‘@h%wmﬁﬂlﬁmwedqoeﬁgmvets se 1,
Chorus, et n th.a set of
sub- styl esg[sfr?f a{lgwg%ggﬂe%ﬁéglgég?gg%eié@&%ﬂﬁgﬁéggg&g@g?&% , etc
in this exp:rcpérﬁedabcs/emtg adsobesdpplied hemquence. 15 Before proceeding it is
worth noting two features of this exanple. First, each tine the sanme nusic
or simlar nusic occurs, it is linked to the sane sub-style: for exanple
the chorus is always linked to SS4 in this case. This is normally
desirabl e vvhenever the rTUSI c sectlons are very simlar, and the procedure
about tl§ beOHsH 5aH Pygfi es(yeith Bgitd ce\Edidmie 3§ cases. Secondly,

here 3 i SOSHPBaalln Br q“%iﬂ»gyte@ﬁbq‘f{s. AL S p e

preferences from the style/sub-style information with edit hints from the music micro-

description in order to produce edit decisions. This technique operates at the timescale
of musical beats. It will be described as a technique for making cut decisions (i.e.

15 identifying time locations in the output production at which there should be a change of
segment) but the technique, or variants of it, can be used to make other kinds of edit |
decision, such as identifying time locations at which to insert flashes or other special
effects.

20 Inthis example, the horizontal axis is time, and the vertical arrows [1501] are edit hint
pulses received or derived from the music micro-description. The height of these
arrows is related to a perceptually-significant characteristic of the music and their
horizontal location indicates the time at which they occur relative to a start-time t = 0.
Typically the characteristic in question is one which is closely related to the musical

25  beat, such as a signal derived from the amplitude variations in the audio signal. Many
techniques are known in the art for automatically extracting such representations of
musical beat: for example, the overall amplitude, or the amplitude of a frequency band
within the signal, can be subjected to a threshold-crossing test. Further refinements,
such as the use of a phase-locked loop, can synchronize the detection mechanism with

30 the periodicities in amplitude variation which occur when the beat is regular, as it is in
most popular music. Whatever technique is used, it is desirable that the edit hint pulses

have the following tendencies:



- not been selected for this particular piece of nusic. Fig. 14 shows one way
in Which such a sub-style sequence may be derived automaticaffyjuiv 2085t he
structur Jrusic. First, a set of descriptor val ues, t 25" for
each nuss%gég%?%;n, is acquired fromthe nusic descriptioﬁ“ﬁqgﬁiﬁml ui tabl e
descriptors for a music-section include the duration of the nusic section,
its average tenpo, |oudness, and beat-g rength. Many other kinds of
descriptors can be used, such as those listed earlier, and as nenti oned,
they may be generated by signal analysis, produced as a by-product of the
musi ¢ production, entered manually or generated by 30 any ot her neans. The
only fixed requirenent is that the set of descriptors for each nusic
_ section char actBrat tesmgionity fadrandppatsadn gn singds fracteoms ofjbedts suckss a2, e nusi ¢
section. 10 JLpr 95 WD 02/ 052565 PCT/ SGOQ 00197 47 The next step, [1402]
is toretrieve fromthe style information a set of target descriptor
. val ues, one set for each sub-style. The set of target values in a sub-style
constitutes a description of the characteristics of nusic which this
sub- st yf e woal dThat pylses pecyrring gn stigaig|beptst sushdrsits firsybeat af ¢aghbhndevear e
created by the]ﬁéygg% §igner by a manual process 5 of entering a set of
target val ues for each Sub-style. For exanple, when the style designer
creates a fast-cut sub-style (i.e. one which contains or generates small

values for th Lon. intraduced above [he m ght
define that i S Qe ESe AOERE U Bhb @bl il hEn BRRMR berlt) B

exhi bits hi gh \dgheslubowheteee:r themeds angodpesli-beat madie] Rvelrstisiipt&hmmonnt 1S
not dependent on | oudness. 10 The neixt tep, [1403] is to calculate a set
of distllnces i ran‘"etéE’ruF‘ﬁthFre’?ﬁ}?l"el feempgis knows @g {'§ygaeraigdd- sub- styl es.
This is simlar to the process described above for selecting input video
segnents in a non-sequential case, and the techni ques introduced for

opti m zi ng t ke TEhdtcinl gahérehthefpulsensdrraspynd ethe Eiyghm &y itmguldbs pedoeivedppy i ed in
this case. 15 Fr mthﬁ set of distances, a "trial" version of the sub-style
sequence can no HRAR ¥Ry [ 1404] by assigning the closest sub-style to
each nusic section.

15 In this case the construction logic will interpret each edit hint pulse as a request to
perform a cut at the corresponding time, and the height of each pulse as the strength of
the request. The pul.se height can be limited to a range such as 0 to 1; this is the case in
Fig. 15.

20 However, the construction logic also has to take account of the style/sub-style
information. One parameter specified by styles is the "cutting speed" as introduced
earlier. What is relevant to this example is that the style information specifies, for any
moment in the output production, a preferred segment duration for the next shot of the
output production. This preferred duration is marked tpreferred in Fig. 15 and is more

25  generally represented by the four line segments [1502, 1503, 1504 and 1505]. These
four segments form a threshold which will be applied to the edit hint pulses. The
threshold reaches a minimum at tyreferres. It also takes the maximum permissible pulse
value of 1 for t < tyiy and for t> tma ; This means that only pulses lying between tmin
and tmax can cross the threshold.

30

Two more facts are required to fully understand the operation of this mechanism:



The next step [1405] is to check the sub-style sequence for undesirable,
repeats. This is necessary because, even if techniques such1aﬁs Jgﬁsmg' ptor

di stributj rpal i zati on 20 (descri bed above in connecti Flg. 7)
are appl Me(g,@zﬁﬁsﬁy happen that the sane sub-style gets %@Bﬁ%&@@l%go many
of the music sections. This is particularly wundesirable if the sane
sub-styl e gets mapped to two nusic sectikpns which are consecutive yet

differenf. Note that in the exanple presented above with reference to Fig.
13, the only consecutive occurrences of the sane sub-style are the three 25

occurrences of B@dzerd 8] t @i %@?%as t8eEAHE BioliButCNONiHS the BeAltineof | MES.

This is a desirable case of repetition, but any other repeats in this
exanmpl e woul d pihekumsest viideo sgamiest. rAbihe. cossinistion exghlee theeptpitts can of ten

be detected, fo le b ecki whet her -t he total nunber of
occurrences of rﬁgﬁ(su -Sgg?fg%tcbg' ceggggt’ghléésr?%ﬁtﬁor\/eé(FG'eseaneP e total duration
of consecutive repeats exceeds a certain time value. 30 1 0 JUN 2005 WO
02/ 052565 PCT/ SGOO 00197 48 |If such undesirable repeats are found, they are
el i mi nated [ T40Bhe lectedsegmentdusaiien istthe time, relapivetat 59, phithe pulss fior st yl e
sequence with i such_gs: r - I or .each
musi ¢ section ?%’Elﬁjé %?e;va\s{?ée‘f)" [%ﬂog‘]‘ 1s;%§a&§§f%ﬁ%gg&§§ée t%’ %llgg 0? Tg%:/ ﬁ'\lgcfuaéldsg‘
simlar to the idelehvilapesiht direstoldat the gniernfittic milske Ansrlpramirgs, itiesked | bed in
above with refer,encF to Fi 6 and 7, ma (i)f the details and alternatives

N n

present ed above'Ha§ %eéﬁﬂ%es@_ﬁ]b pqc@&%@,eéh:e{lg @}ﬁﬁ}erﬂrﬁ%fei‘fd’?luep?ref 8Pences

with Edit H nts,hig &5&@99& tﬁfysﬁol?,eﬁb@h%g.%vbﬁhgco BRWSH &, GhaR .'lﬁadlis i%
chnique for co re he

representati on of one te ining edit preferences from

styl e/ Sab- st yl epulsef [d60G) iMote that puksdil t 507 hasa higben tahee, busismotrugaddecause
description in @%d% to. roo{uc ed'lt\lﬁeq isions. This techni que operates at
the tinescal e VRRE Ve By SRR 0T PPis© be described as a technique for
maki ng cut decisions (i.e. 15 identifying tine locations in the out put
production_at which there should be a change of segnent) but the

t echni que, Taing ite ageountofll the abevmfapiers, dtendn be sernktbatahisghregholdingof edi t

mechanism exhibits the following behaviors:
15 |
- It will favor durations which correspond to strong edit hint pulses, in other
words it will tend to cause cuts related to the beats and other features of the

music as described above.

20 ~ It will favor pulses which fall near to the preferred segment duration. In
particular, if the music is very quiet so that the edit hint pulses are very weak, or
the music is relatively featureless so that all the edit hirit pulses are of similar

strength, it will select a duration very close to tpreferred.
25 ~ It will always select durations which lie between tmin and tyex.

- By varying the distance between tyi, and tmay it is possible to control the relative
influence of the musical rfxythm (the edit hint pulses) and the preferred segment
duration. If tmin and tyay are close together, the preferred segment duration will

30 dominate; if they are far apart, the musical rhythm will dominate., Thisisa
factor which can be set differently in different styles, or even in different sub-

styles of a single style. Changing the position of tmin and tma relative to tyefemed




~ decission, such as identifying tinme |locations at which to insert flashes or
ot her special effects. 20 In this exanple, the horizontal a iUSJbﬁ zbdsme,
and the Wﬂé%/g@zl%@rrom [ 1501] are edit hint pul ses recei (?é/sgé"/&’e§l ved
fromthe stcmcro-description. The height of these arr 3t ed to
a perceptual ly-significant characteristic of the nusic and their
hori zontal |ocation indicates the tinme g which they occur relative to a
start-time t = 0. Typically the characteristic in question is one which is
closely related to the nusical 25 beat, such as a signal derived fromthe
anpl i tude vari atllowisfuithert doatraly GiRiri toRakds IMBERY or bIRHRA UGBS B BRI N t he
art for automatically extracting such representations of nusical beat: for
_exanpl e, the oV SFIBWHCi QRGO Tiprendah & Uthprmraresciariants of thequerbagipmmandise
within the sig L ' | d- i test. Further
refinements, gﬁr%:%h%%?pﬁgshé@ @#%Q‘q%ﬁ%%g?‘%'gﬁ%g?ﬁ %%ge,rp?%gﬂ %gfﬁlévi%s’oni ze the
. det ecti on nechaprosiding ¢venIhhet bentpd oiverdihe ibeh®dod. n anpl i t ude vari ati on which
occur V\gen the beat is regular, as it is in nost popular mnusic. Watever
technique is used, it is desirable that the edit hint pulses have the
f ol | owi ng Tt eyeheCerast 0 RGE - : That
the majority fall f%%tl%%?% se?]Mglr‘%g%%sf itﬁpvgnéﬁﬁgﬁ?iﬁgﬁﬂ@?% s(aitgtz:}?]é@esat 1/ 2,
1/ 4, 1/ 3,speedat the curTendmysid tempopfor examply, dbeatt 1/8bgath@ deats, deiCNogsaldche
first beat gtftheach ba{? ﬁave . hi qher va(%#fgs. - That the value of off beat
pul ses (t HB& NG EERRIICIOL OffER GRsiEDs dawererch SiLIGEERE ¥alue Ry S2Ch JegMePRILEs wher ever
there is grejfessts tl%ﬁg}bmetoufﬁmpfo%ilucﬁaﬁfi{singttéémcgz%s SREMRALAGR dedigrlch nusic
for exanple I n styles of nusic known as "syncopated”. - That, 1 n general
the pul$escaplifrfasgrenting wricheinredittdeisions| themseplisubestyles, geidueldevyutica, hunan

| i stener. S%&Hagtié%&ﬁra@i@ﬁ?‘l&t&glg%g@%ﬁ{%m lon logic wll interpret each edit

hint pul se as a request to cut at the corresponding tinme, and
t he hei ght of each pul se as the strength of

By combining the set of techniques described in this section, the invention is able to
generate edit decisions which are perceived as relating to the rhythm of the music,
15 which are sufficiently varied even if the music is very regular, and which always lie

within acceptable limits, regardless of the selected music.

Other Features for Automating the Creation of Music-Based Productions

The invention may optionally be enhanced with several other features for automating or

20 facilitating the creation of music-based productions, for example:

— In music-based productions, it is sometimes desirable to mix in the input
soundtrack or parts of it. One option is to mix the entire input soundtrack with
the input music at relative levels which remain constant. Another option is to

25 vary the level of the input soundtrack or the input music or both, so that one or
other is always clearly audible and not obscured by the other; for example this
can use a technique known as "ducking” which is well-known to audio
professionals and widely used in applications such as live radio to lower the
level of music whenever an announcer speaks. Yet another option is to control

30 the presence or absence of additional audio elements according to the value of -
descriptors in the music description. For example, in a common case where the

input music is a song and the input soundtrack contains spoken voices, it will



the request. The pul se height can be limted to a range such as 0 to 1;,
this is the case in Fig. 15. 20 However, the constructlon | ogi c also has
to take account %)f the style/sub-style informtion. ;E}g?‘
speC|f|eaV(§392/g§29 ‘es is the "cutting speed” as |ntroduced p%‘fa 0%hat is
relevant to this exanple is that the style information specifies, for any
nmonment in the output production, a prefgrred segnent duration for the next
shot of the output production. This preferred duration is marked
tpreferred in Fig. 15 and is nore 25 generally represented by the four line
segnents [1502,, eﬁé@ﬁﬁ it @d}ﬁ\.lslﬂﬂ)gﬁ]rnua-chéé@ffeét%e%ﬁ&%%cefs%fer%ﬁ(eﬁhreShC" d
which will be applied to the edit hint pul ses. hreshol d reaches a

m ni mum at t pr efirmphtakously vathstbe siagimg voive, smmmdnmpbllerw guX i endioifrom theal ue
of 1 for t < tmin an i s means that only pul ses |ying
between ¢ i 1+ HEH ARk onBouEe kre hpd SHEME VoI, Ul ASPOULET s ar o
required to ful hytnﬂﬁéiﬁﬁlsd*e@tmlsto@ﬁae%@sﬁ@tlh%Qse@waePé &e%&‘s‘i@d‘és&ﬁﬁtw}l ﬁc}h@é\& 2005
WO 02/ 052565 PCT/ SGOQ 00197 - The zero tine, 0, corresponds to the
previ ou$ cut: iimported ele@xmtse(asdwand ghovey, this han bmcﬂemed\bwdb@uspsljrrent As

his s reset {BPETNrCRERiRubR AR iR AR LRl RBYERS ark o e

time, relative ¥dicd. Thdle aiefaldoli@omu! ssgial Aalysideeinithe fopddtectihgthe vp - W th
is greatest, where vp is the value of the pulse and vth is the value of

the threshol d amreme:e pf ﬁﬁlngmgmqe:epm@éw whichepidd inee@erated infosthe pausi j me of
t he pul se whic V. f no
pul se crosses t % res rﬁ%}ﬁotap{?ﬁﬁl?eo({h h@%l%{)rgr@slﬁgltf%rs%htfg hn% é In Fig.

15 thiggeis 10 rmb&@g iri&ﬂeﬁx]dlo ﬁhhethé iit@ht s@uhd@ac{klﬁmdh daa.sbealséﬂ ﬁlhfbh asatioe, but
IS not used because the va | S, greater for 1506] .. Taking into
account al | thewﬁlbgiﬁ'ete?lg%‘%‘??éus" Fi?SCEE‘?ii E)%tosségﬁt P‘H’&Pni ﬁf‘ge SoHnERE di ng

mechani sm exhi bidesdifietof REit AMiHShHEREYHRE S For example, speech detection _

algorithms, which are well-known in the art, can be used to select only portions

of the soundtrack in which speaking predominates over other sounds.

15 Convefsely, a music-detection algorithm can be used to ensure that sections of
the soundtrack which contain music are not selected; this is desirable because
music in the soundtrack would generally create an unpleasant effect if mixed
with the input music. Although the audio analysis techniques for automating
these processes are not completely reliable - for example, no known technique

20 can detect the presence of a singing voice with complete accuracy across all
types of music - they nevertheless work well enough to be useful in this
invention, especially in embodiments where user touch-up (as described above)

is supported.

25 ~ It has already been described how, in music-based productions, a professional
editor will often align video elements so that the timing of significant features,
such as the moment a falling object hits the ground is synchronized with the
timing of notable features of the music. This can be automated by combining
known techniques for video motion analysis with techniques for detecting

30 musical features, such as the beat detection technique introduced above. For
example, motion vectors can be extracted from video using standard techniques

such as block-matching, and the timing of abrupt decelerations such as collisions



15 -1t will favor durations which correspond to strong edit hint pulses,
inother words it will tend to cause cuts related to the beatisJathc?®Bt her
features sic as described above. 20 - It will f whi ch
fall neapgégE@ﬁ%6%yeferred segnent duration. In particulgﬁgbﬁg&¢ﬁ§§%usic
IS very quiet so that the edit hint pulses are very weak, or the nusic is
relatively featureless so that all the gdit hint pulses are of simlar
strength, it will select a duration very close to tpreferred. 25 - It wll
al ways sel ect durations which Iie between tmn and trmax. - By varying the
di stance bet weegan! thbbedidalliRBed by idefitifATSHiMESwhéh HRA Eah bRt tRAREIY €

I nfl uence of the nusical rhythm (the edit hint pul ses) and the pre#erred
_segment  dur at i B scalgr ariyviepton mem ofthe mpkorcvestus wiidin aeggion hbthe fefrer r ed

segnent duratio ' . Ny - 1f.1hey, ane f.ar apart,,the nusical

rhyt hm wil | domaﬁg% %ll: t"?rh%lsg?lmé‘e §It %Péec?fc}beme Hergtipn Brédpr%eé’ﬁé B‘?qu?eg’f‘ent ly in

~different styl esstatdishedan shot 6ff thé i vides mdthe/ tesno® oPeathMBterdlivh ©-

Changi ng the position of tmn and tnmax relative to tpreferred 1 0 JUN 2005
2

WO 02/ 032565 PCastaktichydpthegshobaande aniisnaliyraligaed wishthomusisibysfinding thear ds
| hort at.i . i s | tQ. .
tororerred:  pur e Rihe BB idgahe plitic PRIt o8 BR8N B,

t hreshol ds, in udnlehdefined hs the relegveting farwhick feanseRyticdl lcvaslatiph 6Fi di ng
even finer control, over the behavior is often effective to set the

. . Bt
val ue of t pref efifEleratonvithbegt sgenainicalqulated eenthsdwaionf aegmentofdbel at

the current nush@phiSFBMuctibAlis S¥/MRkEnunt: beat, 1/2 beat, 2 beats, etc. Note
also that the constructor often assigns tpreferred a different value for

each sédnent as it progresses through the output production, using
t echni ques ch_as, those described, lo earlier .for creati variety in edit
deci si ons: Bg %es Prﬁn hg?é)gtg‘ﬁr- ‘gets'fﬁl%tg,rs qurlg(ggﬁy the e paalyzer %ggé@%@ cﬁé‘i’i‘élr ation

and val ue theGniidtion of text/graphic overlays. For example, parameters of an overlay such as

its location, orientation, size, skewing, color, etc can be determined directly by the
amplitude of the music signal. Or, in a more sophisticated implementation,

15 representationé of musical beat based on a threshold-crossing test (as introduced above)
can be used to trigger sudden changes in parameters of an ovetlay, and the overlay then
allowed to relax to its default position rather more slowly. In other words the animation
can be based upon a relaxation model which is excited by pulses derived from the music
signal and related to the musical beat. Furthermore, the music section descriptors

20 introduced above can be used to control changes in the animation behavior which is
aligned with the section boundaries and is related to the musical characteristics of each
section; for example the color, size and relaxation speed of an overlaid text/graphic
animated as above could be made proportional to the average loudness of the current
music section, so that overlays occurring during loud music will be large, bright and

25 move in a jerky manner, while overlays occurring during quiet music will be small, dark

and move more flowingly.

Changes to the Production Workflow
This final section describes how a typical embodiment of the invention changes the

30  workflow for a user engaged in creating a media production, with reference to Figs. 16
and 17. In these two figures, steps shown with dashed borders are ones which are

typically automated or assisted by automation.



By conbining the set of techniques described in this section, the invention
is able to generate edit decisions which are perceived as relpagimagigo the .-
rhythm of the nmusic, 15 which are sufficiently varied even if the nusic is
very regW@P20356f whi ch always lie within acceptable |iniPSTSEAYUMAT ess of
the selected nmusic. O her Features for Automating the Creation of
Musi c- Based Productions The invention HBX optionally be enhanced with
several other features for automating o 20 facilitating the creation of
musi c- based productions, for exanple: - In nusic-based productions, it is
sonetines desirable to mx in the input soundtrack or parts of it. One
option is to mx the entire input soundtrack wwth the input nusic at

rel ative | Eigll6 sidwstherveorkflowdwa stpicd] codvattions] capd, ueingiatoslsudl ay aNbnt he
or the input muysic or both, so that one or

| evel of the ingu ndtrack [ . C

other is a%gegeéﬁvr éﬂﬁﬁbﬁoé’r%ﬁa%—tﬂ%%séﬁ patpubproduetias: e inpusvidseanpl e
this can t; I QHAG /o Wale' 1 1C Bra: |{y= to audio

pr of essi onglﬁg’ glr?éﬁl\?\n&g)é yqﬁg %ﬁ%ﬁgﬁ%@ﬁ%@{}c El'ﬂéityﬁﬁeiely l}&g@\i{%st o | owner

the | evel raghrdingvideohsing eerman ataniedtoercospeadesor tyatsfearing hileo apliéral is to

control 30_the presence or absence qf additional audip, el enents accordi ng
to the val tf 081168 68‘2 E?ﬁoﬁ}%}'@e? ﬁ@‘f‘@g?ﬁfgiacc%‘?ri?)’t"?cﬁﬁl.nnﬁd’r‘d%(@ﬁb? form y g

conmon casef Migital yikeo fileNAPhn BAkSdduel 18cdid iR ' s

cont ai ns spokei%E voices, it wll .\%_02/ 052%8%"%%’%2“%%85%%% bfg(gé%
gener al | y trusad &iiastep also dnvedvesdigitizing ¢he iaphiesignal f I iy ofibéseraltematies ar e

m xed si 1e0Usl ' the si.ngi ng.voi.ce, so it .iis desirable to mx in
audi o fro%el&llgﬂ&i’ E‘%& “@%%8%%‘5’8&’1%% Slf"g\}ﬁ?éﬁ Vidsamateral bigs g?%PHgé%hé%tp such
as in purethe-NLBstrunental sections of the nusic. In cases where the nusic
description includes 5 inported el enents (as descri bed above), this can be
achi eved by the use of nmanually-created descriptors which indicate the

presence Op 3S eRGRpIR coReethd WinlSc-based production, the user also has to capture/import

music [1602], for example by recording it, or transferring it from a musical medium

such as an audio CD, or acquiring music as a digital audio file. In any of these
15 alternative scenarios, when this step is complete, the input music has been introduced
into the NLE.

Some NLE's are able to perform the next step [1603] automatically, segmenting the
input video into shots using techniques such as detecting sudden changes in color

20 histogram. The shots are presented to the user, typically as a set of "clips", i.e. small
segments of input video. If the NLE does not include automatic shot segmentation, the

user segments the input video manually.

Next the user needs to familiarize herself/himself with the shots of the input video. This
25 istypically done by "logging" the shots [1604] - i.e. organizing them in groups or in
certain orders, making notes about each shot, rejecting some shots, etc. For professional
productions involving a lot of input material this is usually a lengthy task. For small
casual productions it may largely be bypassed, although doing so is usually detrimental
to the quality of the resulting production.
30
The next three steps [1605, 1606, 1607] may be performed sequentially, or the user may

alternate between them (for example finishing one section of the output production



voice. There are al so known signal analysis techniques for detecting the

- presence of a singing voice in nusic which could i ncor por at ed 4 Mt PNt 585
nmusic a Xf%%n order to automate this. A further possg‘%)é,]lé% 0/for7
control li 3300 m xi ng-in of audio fromthe input soun 009K ch can
be used in conjunction wth the techniques just described, is to select
portions of the soundtrack according tg their audio characteristics. For

exanpl e, speech detection algorithnms, which are well-known in the art, can
be used to select only portions of the soundtrack in which speaking

pr edoni nattefore¥Rivird Gieto the HetSectidn) 68 tHeaissLndy wdrkibh G/af QB IR tR gori thm
can be used to ensure that sections of the soundtrack Wwhich contain nusic

are not sdigiveiion betwieen themyeWhichsver approrgh e/sheigdapts, the tser swstilddbk woul d

general ly . I ff i f mxed .wth.the i.nput .music.

Al t hough t@@%ghﬁ’@%ﬁﬁ‘ﬁﬁ@%&éﬁ@ﬁ@?%ﬁi ’gﬂgér‘fggﬁtxlé‘qh Wﬁgg"gaiffiocesses are
. not conpl eredueticeld tAblgbal - st caveRilp} ﬁmi?@lai@lﬁ&‘@eérﬁ@rﬂ@écﬂth@tt% EéHFoRigtgect the
presence of a singing voice with conplete accuracy across al t ypes of

nusi ¢ -3 t Regrhytyeytimiigand "fast kolibe inpshowsis. (Idiviavokyes many af thiitechniquesnt i on,
especi al | yj.k s LB | - ( descr. ove) is
support ed?ﬁei@xb_%ﬁ?? ng as arr g@ﬁ‘;‘ﬁﬁ gagﬁﬁ%%g}g%lg ggeshcgf\?&n ri%?%&ﬁlﬂg?’%ﬁgg% &t

product i orssyeral hpued, és sicateadach adiute bf thiel dutpft pesduatib@nit s sleobeloadeiy skilgo t hat
the tim ng ,of siq%ni fi9%ant f eat ures such as the nonent a falling object

hits the ¢FGAT DPRRIGIESHPRA S toFEAlCARYPY PRdGion thpauaity stepdardithes” of t he
> the | Y | !
musi ¢ itReyCAE hRSpyPH IR NEHEChIRYy Wﬁﬁe'&mtﬁ@%eéﬁ&bﬁbﬁa uh RO

notion anal ysis wi'th techni ques etecting sl ca res, such as
the bedt datwdenstandingoifmiupiccas well exivised nedperiad. For exanpl e, notion vectors
can be extracted fromvideo using standard techni ques such as

bl ock-mat ching, and the tim ng of abrupt decel erations such as collisions 1

0 JUN 2005yhMOne 2E52REPesRea RRENEMA0ARi @ 3t £ aftistlatity e sshaRklighed by
identifying tinmes when there is an abrupt change in
he/she instructs the NLE to render [1608], at which point it produces an output

production as a video file or other output. The user views this and, if not satisfied

15 [1609], returns to one of the earlier steps to alter or refine the production.

Finally the user exports their output production in a form which allows them, and others
to view it [1610]. In the most basic case they may simply use the video file on their
computer for local viewing, but more commonly they will transfer it to tape using a

20 video cassette recorder, or to an optical disk format such as writeable compact disc
(CD-R). It is also becoming increasingly common to distribute the video file using the
Internet, for example by sending it as an email attachment, uploading it to a server
which others can access, or sharing it from the user’s local machine using so-called
“peer-to-peer” file sharing,

25
Fig. 17 shows the workflow in a typical music-based production case using a system
based upon an embodiment of the current invention, and should be contrasted with the

conventional workflow just described with reference to Fig. 16.

30 The capture/import steps [1701 and 1702] are the same as the corresponding steps [1601
and 1602] described above for the conventional NLE case. The shot segmentation step

[1703] is also essentially the same as the correspond step in the above [1603]. The



the scalar or vector sumof the notion vectors within a regi g{;q oﬁ tfhﬁ%
frame. Once the tines of one or nore of these decel eration S s
been est@hli in a shot of the input video, and the st ach
decel er at‘?@r?b@g%gst abl i shed, the shot can be optimally ali giﬁgﬁgﬁ?/ﬁ&?ﬁe
music by finding the relative timng between video and nusic for which
there is the best match. This can be defined as the relative tinme for

whi ch the mathenmatical correlation of deceleration with beat strength,
cal cul ated over the duration of a segnent of the output production, is at

a maxi mum s{fements Gid @MYL kADHM AIRIqUES ECAiitBinale Shé Sdgneathtidn, AemBysi ¢
anal yzer can be lgrs?zﬁl) t@ control the anjmation of text/graphic overlays.
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For exanpl @ptigaal dy e yperdp opgiside gy adiustihg sesulting segmentation. ori ent ati on,
size, skewing, color, etc can be determned directly by the anplitude of
the nusic signal. O, in a nore sophisticated inplenentation, 15

r epr esent aiNexntheafsenprsiselebtsleeatenb@beanemsofthe Iitgﬁ'@ hotdialy Mafirittatistt of 8

i ntroduced abov?{[ cin Ee_ used to trjigger sudden changes in paraneters of
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rat her nor ] r ' i n be based,.upon a

rel axati ongﬁoég’l%\%\ﬁhgﬂ iﬁsﬂggel ggﬁgéﬂgaﬁgleaﬁ eb P (alsesggfr% oMY ﬁfggﬂﬂgl‘{%{} 5 s gnal
and related to the nusical beat. Furthernore, the nusic section descriptors
20 i ntroduced above e used to contr.ol changes,in the animation

behavi or wﬁ?ﬂfﬁ@ﬁ#@%ﬁ?ﬁﬁﬁwwsrw hﬁéﬂ%‘&e‘flpﬁwﬁdﬁcﬁaﬁﬁ walygicendcongirustion t o
the nusi calwiitlehaetiReh ?}Etbﬂsﬁvélfr dleﬁfﬁﬂbedﬁ?ﬁﬁéd)&h il Cree s Etg{a*?@ﬂﬁ' el a S!z€

and rel axation speed of an overlaid text/grap ani mat ed” as” abové coul d
be madelOr ep@ipletosediof edit denisionsdraadpeen gertnated —dtiese Adlycdafineran outpisi ¢ sect i on,

so that ov CoUL:L uring .l ogud ic will be |large, bright, and 25
nove in a ?’éér%ﬁ%%nﬁgélgélwsesm gﬂe%@%’;@@m\ﬁ%&a&’ﬁﬂ%gy ﬁftﬂ TSR will be
smal |, dar kequaresinorbelp from ¢hd hsey ngl y. Changes to the Production Workfl ow
This final section describes how a typical enbodi nent of the invention
changes the 30 workflow for a user engaged in creating a nedia production,
with refer [ Q i . fi es t.eps, shown with
dashed bor er@gy%%el ﬂg%érsem\%w\ﬂf g%’%;q}elﬁ pr&cfhcﬁgr?flem%‘ﬁﬂfhe W Haws thHis Qnd,l not
15 satisfied [1709], may either touch up the production with assistance from the system

based upon the techniques described earlier [1707], or may return to any of the earlier

steps.

Finally the user exports their output production [1710]. This step is similar to the

20 corresponding step [1610] described above for the conventional NLE case.

It can be seen from Figs. 16 and 17 plus the above description that the workflow for a
typical embodiment of the current invention involves more automation and less manual
work by the user. This speeds up the production process, reduces the amount of the

25 user’s time involved in it, and provides greater support for inexperienced users.

Hardware Embodiments
It will be clear to those skilled in the art that the invention can be embodied in many
kinds of hardware device, including general-purpose computers, personal digital

30 assistants, dedicated video-editing boxes, set-top boxes, digital video recorders,
televisions, computer games consoles, digital still cameras, digital video cameras and

other devices capable of media processing. It can also be embodied as a system



~typically automated or assisted by automation. 1 0 JUN 2005 WD 02/ 052565
- PCT/'S&00/ 00197 54 Fig. 16 shows the workflow in a typical coq |

case, USW@O?/O%%@ such as a Non- Linear Video Editor (NLE}C{‘/?EQ(%%@ a

musi c- based output production frominput video. First, the i nput Vvideo is
captured and/or inported [1601]. This typically involves 5 recording video
using a canera attached to a conputer, ef transferring video nmateri al
recorded earlier froma video cancorder to a conputer, or acquiring video
inthe form of a digital video file. If an anal ogue recordi ng device, such
as an anal aueishemaltis devides, MSAdch BiffersitQRrtabsRs fulv@dnaEsy SleGhitieatie t he
input signal. In any of these alternative "scenarios, when this step is
conpl et e, WHanmergithan epechasdwvase davichas been introduced into 10 the NLE. As
this exanpl e concerns a nusi c-based production, the user also has to
capture/inmport nusic [1602], for exanple by recording it, or transferring
~it from a Altkéuphl thehdiettion Basddeepdeunibad dbeveGlath fiferagabub paftbulasi ¢ as a
di gi tal audiqg{ile. In,any of these 15 alternative scenarios, when this
step isdc igentsyvarjoys modifiretiensare pessibleiwithin theseepe ofithe inveation & Sone
NLE s are I, f . next step [1603] automatically, segnmenting
t he inpufﬁgi@%%Q?ﬁ§SS§HgP?Qﬁ%¥hg t echni ques such as detecting sudden
changes in color 20 histogram The shots are presented to the user,
typically as a set of "clips", i.e. small segnents of input video. If the
NLE does not include automatic shot segnmentation, the user segnents the
i nput video manual ly. Next the user needs to famliarize hersel f/ hinself
with the shots of the input video. This 25 is typically done by "l oggi ng"
the shots [1604] - i.e. organizing themin groups or in certain orders,
maki ng notes about each shot, rejecting sone shots, etc. For professional
productions involving a ot of input material this is usually a |engthy
task. For small casual productions it may |argely be bypassed, although
doing so is usually detrinental to the quality of the resulting
producti on.



30 The next three steps [1605, 1606, 1607] may be perforned sequentially,
or the user may alternate between them (for exanple finishing one section
of the output production 1 0 JUN 2005 WD 02/052565 PCT/ SGODIOM® 20055
before noving on to the next section) or the user may work in a way which
blurs the distinction between them Whichever approach he/she adopts, the
user nust build the output productio? manually segment by segment, and -

i f a styyiSt si c-based production is the goal - must carefully manipul ate
t he segyelﬁﬁ@@i—gg that they conformto 5 the rhythm timng and "feel" of
the input nusic. This involves many of the techniques described above and
is very tinme-taking_in npst, cases, often requiring an hour, or several
hours, to cr@a‘f‘@tlhggé‘?f s P S Hataie fam priputsiate suid iyt date and owlpsb beyond
the ski bk beth jFBINKINGAAR! AL 35 APRbd HRAL G a output production to
a quality standard ?hat t hey are happy d\?\nn%ﬁe pegﬂ’lﬁcul arly in the case of
musi c- based productions, which require 10 an understandi ng of nusic as
wel | as visu erial_. n . the user believes that he/she has arrived at
a sati sfact 0?13&/&1@3 ,%‘”‘f‘@lena‘.“wag“‘e& %ﬁn8ﬁ%7°neﬁéf%%8§1“ﬁ§ﬂ°€ﬁ:‘f TACHTZRESAER 1 ender
[1608], at wbfchluphitynbf pdrtipisafueempatdatdit put  production as a video file or
ot her output. The user views this and, if not satisfied 15 [1609], returns
to one of the earlier steps to alter or refine the production. Finally the
USer export Sqdmmhd st ti.ﬂé{mﬂ’t'id?pfd b 1lidp the EARTiHE WPIE R AL ygus them and
others to view i% 1610]. In tﬁe rfr?r%st agi{i:hg%)ssgﬂ@ﬁnytrdf%\é?si nply use the
video file on their conputer for |ocal view ng, but nore commonly they
will transfeg..i : : ' Vi deo cassette recorder, .or to-an
optical dis sitde shifl de@ipigts Eﬂml?rg?a?deégllaé“‘@ TR *%&eﬁ%ate("‘dﬁg ﬁf‘ editing i s al so
beconi ng i ncdesmiinsgihy setmfrditing dedkishy ipevifging BeetifdaRingidperatishd @ dehe
Internet, for xanﬁl e bg.sengi ng it as an email attachment, uploading it to
a server whHiERIGEH P &l ippubdea®d or sharing it fromthe user's I ocal
machi ne using so-called "peer-to-peer” file sharing. 25

-

generating said output data by performing said set of operations upon said input
data.

2. A method according clajm 1 in which said input data comprises visual data and
music data and said output data is an audiovisual production which comprises portions of

both said music data and said visual data.

3. A method according to claim 2 in which
one or more of said descriptors are derived from said music data, and

said descriptors are used in conjunction with said style information to determine

the selection, processing and timing of a set of visual editing operatidns, and

said visual editing operations arc applied to said visual data,

AMENDED Sk



Fig. 17 shows the workflow in a typical nusic-based production case using a
system based upon an enbodi nent of the current invention, anrd gpgQuiggs be
contrasted with the conventional workflow just described with reference to
Fig. 16. 30 The capture/inport steps [1701 and 1702) are the sanme as the
‘correspondi ng steps [1601 and 1602] described above for the conventional
NLE case. The shot segnentation step_ [1703] is also essentially the sane
as the correspond step in the above P4603]. The | OJ | J N 2005 ' WO

02/ 052565 PCT/ S@0Q/ 00197 56 system uses one or nore known techniques to

aut onat &herrbY saywiserbased produgtien isegpnersisdiimwhidhythasdlantionyroussingtand over ri de
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[ 1704] . s@thenusioadatd.i on provi des techni ques for assisting this process as
described earlier. This step is optional and nmay be bypassed in sone
enbodi nents. The next step [1705] conprises the nmany kinds of automatic
anal ysi s and construction which have been extensively described in this
docunent. Once this step is finished, a 10 conplete set of edit decisions
has beef- genérmetéad acqordiog tof anyl precbdinigradainm furthepukludinguprict salectidy geg al | y

t hi t j f g ul t ticall h t d [
nel p 1 r Sheiei A8ets Bhieid tout i A8 el idenitted SR Sl AToRRRa woROP L 706 |
The useof the dvlbovihg actbond; if not 15 satisfied [1709], nmay either touch up

the production with assistance fromthe system based upon the techniques
described earlier [1707], or may return to any of the earlier steps.

Finally the &&BpulsorpHdissiddiithe SupRWatddr oduction [1710]. This step is
simlar to the 20 corresponding step [1610] described above for the

conventional NLE case. It can be seen fromFigs. 16 and 17 plus the above

descr i pUT on bhiehal ieriBh il 1DWERE o oL ¥PLGRLe UBAM ARAL, A, Mo current

invention invol ves nore aut omat’i on an es WOr the user. This
speeds up the production process, reduces the anount of the 25 user's tine

ol ved i n {0, B IPRo 8 RELGhu HRPOT T TOr I nexperi enced users.

5. A method according to any preceding claim, further including a touch-up step
wherein said output data is subjected to manual editing comprising one or more of the

following treatments:

replacing segments of said output data with alternative segments from said input
data;

altering transitions between segments in said output data;
applying special effects to said output data;

overlaying text or graphics upon said output data,

AMENDED SHEET



Har dwar e Enbodi ments It will be clear to those skilled in the art that the
i nvention can be enbodied in many ki nds of hardware device, including
general - purpose conputers, personal digital 30 assistants, deiJuit 96

vi deo-editi ng boxes, set-top boxes, digital video recorders, televisions,
conput er games consoles, digital still caneras, digital video canmeras and
ot her devi ces capable of nedia procesﬁgi ng. It can al so be enbodi ed as a
system B0 JUM 2e6bd A@raidkas 266 preRedli SEIaM BOLBIEh said seprafibiag Rgdnul tiple

devi ces,, i n. whi ch di.éfe enf arts of its functionality are enbedded within
more t h&ARSEWREPTR AR &Y rapE@ation forsnghte st phaditing dnsisiens compniserdber i bed
above Wighdnid: ELRAN g ere[My=Te 4l d mdi {ications are
possi bl elka/i“{aﬁigﬁ%ﬂfeﬁg%%vp@bg@ ?t‘ﬁgﬁfona\?seeﬁ“ onhas e\§,m - ?e@gﬁ%agrgg%% séi%s killed
per si on.outpubdd@ttiN 2005 58 CLAIMS 1. A nethod for editing input data to form
out put data, said input data and output data both, including visual data,
the nmethod including the steps of: analyzing said input data to generate
one or nore descr iARgRidngGhalRtoe ity fReRenc it mwg?ha ihforRhtdPr tions of
the input data; defining style information for controlling the editing of
the input data.; using said descriptors and said style information to
generate a set Of A%ﬂhﬁ*!ngﬁ vafl2Gos AP afitind Higt %ﬁve@ffro éa!i&.glx%éjrexﬁbé' ons
specifying a set of "edi Ting operations to be perforned on said input data,
and gener ati ng sadescoptoptit data by performng said set of operations upon
said input data. 2. A nethod according claim J. in which, said input data
conprises visual data and nusic data and said output data is an

audi ovi sual pr oduCobiningkdid Bditiagprdfeescen@t shidRitRi hint to derive an

editing decision.

7. A method according to claim 1 including a step of supplémenting said descriptors
with additional pre-generated descriptors received ftom an external source, said

additional descriptots being used in said step of generating said set of decisions. -

8. A method according to claim 7 wherein said additional descriptors include

descriptors generated by instrumentation at a time of recording the input data.

9. A method according to claim 7 or claim 8 wherein sajid additional descriptors

include descriptors generated manually.

10. A method according to claim 7, claim 8 or claim 9 wherein said additional

descriptors include music descriptors generated during music production.
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both said nusic data and said visual data. 3. A nethod according to claim?2
in which one or nore of said descriptors are derived fromsaid nusic_data,
and said descriptors are used in conjunction. with. said styld{ JUNr 28R i on
to determine the selection, processing and timng of a set of visual

edi ting operations, and. said visualg,editing operations are applied to said
vi sual . data, AMENDED SHEET 1 0 JUN %005 59 whereby a nusi c- based

product i [dn l%mwmwdimmhpbr&@@@eiaﬁﬁm %mhraaﬁfs%éféagl timng of
visual elenments. is controlled or influenced by the characteristics and

tining Gperabignynglude eperations of at h&?@mﬁoﬂﬂmfgbmdmggypas sgmeprationdi ng cl ai m

further C wherein.el ements of said input data
are r'ranungF 1[1)en'fc'l|@'¥1 gu dﬁé&%“ BF" bR ’B?H%re of the follow ng

actions: conpulsory inclusion in the out put data; optional inclusion in the
out put data according to a certain probability; conpul sory exclusion from
the output data. 5. A nethod according to any preceding claim further

| nol udi ng. a_toatndRcEd it ERLRILD in SRl A mﬂatlﬁcmécswma?éi&g,daggo manual

editing conprising one or nore freat ments
segnent $2igftragsfomdirranerationaingluds mﬂchﬁaamn loﬁthcs:el:pmrﬁbnc brnote ppets @i n put

data; aly E?x?uhg?déf{ %H%gtsé‘%%{%%%‘t peen segnents in said output data; applying

speci al data; overlaying text or graphics upon said
out put data. AMENDED SHEET 1 0 JUN 2005

13. A method according to claim 11 or claim 12 in which said transformation
operations include modification of the playback speed of one or more parts of said input

material.

14. A method according to any of claims 9 to 11 in which said combination

operations include video transitions.

15. A method according to any preceding claim. in which the step of defining the style
information is performed by selecting one of a plurality of predefined sets of style
information,

16. A method according to any preceding claim in which said style information
includes a preferred segment duration parameter which influences the duration of

segments of the input data incorporated into the output data.

17. A method according to any preceding claim. in which said style information
includes one or more target values for respective descriptors, and said step of generating

the set of operations comprises selecting, for inclusion in the output data, one of more of
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60 6. A nethod according to any preceding claimin. Wich said step of
using said descriptors and said style information to generate a set of
editing decisions conprises the application of the follow ng $8bJuN @)§ to

a set of times corresponding to locations in said output data: - Acquiring
a value for an editing preference 1;6rom said style information. - Acquiring
a value for an editing hint derived fromsaid one -or nore descriptors -

Conbi ni nge platadityeof ﬁdﬂ&lﬁf@fﬁﬂﬂﬁ:ﬁlﬁ@hﬁﬁﬁcé‘tﬁh@ tedichlclibLtiBh fHe proxiffity df%z an
edi ting deci sion. A met hod according to claim1 including a step of

suppl emsAditageLAlee eramies &@Pbth@\ﬂiﬂ%cﬁpmﬂfqr ieathusaibpastigener at ed descri ptors
received froman external source, said additional descriptors being used
in said step of generating said set of decisions. 8. A nmethod according to
claim7 wherein said additional descriptors include descriptors generated

by instrynmentati at a.time of recording fhe input . A net hod
accordi i} gto%F‘é 'FC‘EﬂIdl(’E‘Eé‘? AOgPRRRRsng el F’d“’}%iﬁlgﬁ't‘ﬁ%g%ﬂﬁ(ﬂég’@w Rt thes

i ncl ude od&»%ﬁﬂitﬂ‘i@écﬁlagt%n@fréw&gt PR d \ymhltﬁe orlePRIRPANE Gy Qf&‘ah{ﬂgfto claim?7,
claim8 or, claim?9 wherel n said additional descriptors include music

descri ptcevsspgeﬁ@s fegiongaf thﬁgnnh& dpte wheorhydhe ewutﬂd\agmrspﬁaummrymlu 2005

61 11. i laimin which said set of
editi ng E&I({AQons I ncFjrl 3% ope F,géﬁggggs& cfeast one of ‘the follow ng

types- segrrent ation, selective inclusion, sequencing, transformation or
conbi nation. 12. A nethod according to claim11l in which said input data
includes visual data, and said transfornation operations include

modi Ti cabi on A0fetHR8 a6Qr@ihg ¥ aty et APAW R aid 1H%§1%a sned by said
i nput data. 13. A ne %d %cco ing to claim11 or c?tg V\;ﬂICh sai d
t r ansf ocpmpessd of two or mote sub-styles, each sub-style comprising a variant of said style

information, and said two or more sub-styles are associated with a plurality of sections of

said output data such that they control the editing of said sections, whereby variation is

introduced into said editing style of said output data.

20, A method according to claim 19 in which said input data includes music data and
said sub-styles are linked to sections of said music data by matching descriptor values
characterizing said sections of music data to target descriptor values in said sub-styles,
whereby variations in the editing style of said output data are synchronized with

vatriations in said music data.

21, A method according to any preceding claim which employs at least one parameter
which varies as a function of location within said output data, said parameter acting to
influence edit decisions, whereby variation is introduced into the editing style of said

output data.
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operations include nodification of the playback speed of one or nore parts
of said input material. 14. A nethod according to any of clains, 9 hﬁ@% in
whi ch sai d conbination operations include video transitions. 150 JN od
according to any preceding claimin. which the step of defining the style
information is performed by selectiggg one of a plurality of predefined sets
of style information, 16. A nethod. according to any preceding claimin

which. gaid kol afrding tolaim ICinigish aip hefeadtivae paagivRn vadey at i on.
parameter which. influences the duration of -segments of the input data

i ncor poperiasicaliyrvith lpsatinnip e eiew datey whsrehsiarattercefovelineariasionds, precedi ng
clai mi g ki chy iﬁ%l tﬂe’é&#k‘gﬁfg’mgﬁgﬁtdu ¢+ dhfacl udes one or nore target val ues

for, respective escrlp1 sai'd step of generating the set of
operations conprises selecting, for inclusion in the output data, one of
nmore of AMENDED SHEET 1 O JUN 2005 62 the plurality of portions of said
i nput data according to a calculation the proximty of a) said target

val ue op3val ugsehod a&)oaaihgtdilﬁ.@?ﬂr&d@tjﬁ\r%ﬁ_1a‘iﬁri?ﬁaﬁals?a?ci HyRGhfRRiont 8. A Method

according to any preceding clai'min which the order of portions of the
out put tngluges data giaich defines e paebabidiy distrution andth which saidsspefder within the

~input d CQ . fNg-POLtians N ata reby the out put
data cobsiriing LALEESRBNQHGRI a5 o oFe bR ARioh BBt L cquence
i s preseascesting tOsaidprokalibly distdbutibnhehérebwlisnited eaddionds HMtmidaeddnntshi ch sai d
style informatiqn.i.s conposed of two or nore sub-styles, each sub-style
conpr i sf%‘ge@%ﬁ?‘dﬁt’%f said style information, and said two or nore
sub-styles are associated with a plurality of sections of said output data
such that they control the editing of said sections, whereby variation is
introduced into said editing style of said output data. 20. A nethod

accordi g toacl al 9rdi | Sa| Apu h DG MU ata and
sai d sug{gst yf\g}é gg%afci ﬁclé{é%%gl?éct P@ﬁgi%@"g%@?%%%ﬁ%%?%vg{é%nﬁ?ghi ng.
descri ptsr a2 maabslasput identifying one or more elements of said input data and specifying,

for each of said elements, one or more aspects of transitions and effects to be applied to

sajd input data in order to generate said output data.

25. A method according to claim $ in which segments of the output data are manually
replaced with altermative segments from said input data, further comprising using said
descriptors to suggest to a user segments of the input data resembling or contrasting with
said segments of the output data to be replaced, whereby the user is assisted in the

process of manually replacing segments.

26. A method according to any preceding claim it which, subsequent to generating
output data, said output data may be progressively refined by recursively applying the

following steps:

viewing said output data,

AMENDED SHEET



characterizing said sections of nusic data to target descriptor values in
said sub-styles, whereby variations in the editing style of said output
data are synchronized with variations in said nusic data. 21. 140 sdilh
according to any precedi ng claimwhich. enploys at | east one paraneter
which varies as a function of |ocagjon within said output data, said
paraneter acting to influence edit decisions, whereby variation is

i ntroduced i fHdRatifg p&idiohs BBsasd Mtputdfatasfet hichuuker rieli Beatidbii\peberfeET 1 0
JUN 2005 63 22. A nethod according to claim21 in which said at | east one
parameter vaties periodically with location in the output data, whereby a
pattern of cyclic variation is introduced into the editing style of said
out put data. 23. A nethod according to any preceding claimin which said
styl e i nf or npéncedting arcwuekesionl af saidvnitptit dhed invelsiclapatiohawhichthpvelnst ri but i on
and in which said step,of enerating a sef..of .editing decisions is

i nfl uenced bycH u%’t"-“ﬁ‘ﬁ%@ qrngﬁﬁ?FdegérE%‘;’@E‘{ BEM. according to said
probability distribution, whereby limted variation is introduced into
said editing decisions. 24. A nmethod according to any preceding claim
further including receiving froma wuser a manual input identifying one or
nore el nt aSald | [ RVAMcTc M : id

ol ement & ond BrtaEhokdRll 5o IR ki poid MecifBlBlegE 1, ¢
sai d i nhurhargpiobabitityodedenptbofoy endr eftagpluality afislgmentsfithe ixpat daa,itke hod

accordipg to claim5.in.which segnents of .the output data.are manually

repl ac egﬂaﬂ'ﬂmﬁ‘fiﬁm%F%%@aﬁéﬂﬁ@gf%?ﬂ?asb&itéj%?ﬂz6&‘5’%@8‘;"5#{11?’%%%? Tonpri sing
Usi Ng Sgicl oldhfett bt Ri@input MakHAY B sdidstp U EdnefliafR I eSofUpetdiont Nput dat a
resenbling or contrasting with said segnents of the output data to be

r epl acegenevates-asisyations fayadiich de glementsead theninppcdatyfop phich the valanahsaid

repl aci 3 : : ] I gi : i Lm in
! B aSaIEan Qheo oGRS hdRod 0pPASERL 0 ShAT |1

progr eséity tay etapbénteefir wichetbe hemarepsobalpifityydeseriptoeis low.

28. A method according to ¢laim 27 in which said human-probability descriptor is a .
face probability descriptor representing a probability that a human face is present in each

element of said input material.

29. A method according to any preceding claim in which said deseriptors include at
least one camera motion descriptor for each of a plurality of moving image elements of
the input data which represent moving image data, the camera-motion descriptor
representing for each respective element a degree to which the camera which collected
that element was moving when that element was collected, and said step of generating a
set of operations generates opsrations for which the elements of the input data for which
the value of said camera motion descriptor is low are more frequently incorporated into

the output data than elements for which the camera motion descriptor is high.
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foll owi ng steps: view ng said output data, AMENDED SHEET 1 O JUN 2005 64

i ndi cating portions of said output data for which further nodi fimb&% S
prevented, and generating a new version of said output data i

portions which have not been thus identified are re-generated in a

nodi fied form 27. A method accordifg to any preceding claimin which said
descriptors include a human-probability descriptor for each of a plurality
of el empmts Afméthed adtptiinglft #ny préveding wirdm-ipmdiehbsaid ¢ytpwtekaty inpludes at
representing a probahility that g, hurr?n bei ng éj? esent in each el enent

of sai dleasipne onerays Faif OVEriRY CORPHISBS, 5! Qpe Rt -F‘?F[;Sfépléléﬁ- of operations
generates operations for which the elenents of the input data for which the
val ue of said hunman-probability descriptor is high are nore frequently
incorporated into the output data than. elenents for which the

h - babi | i I I . . h di I i [
uhi ch Sala néviarhes samtins et oy B pRo S A BB TP 1D Gederptor |

representing a probability that a human face is present in each elenent of
said input material. 29. A nethod according to any preceding claimin which
said descriptors include at |east one canera notion descriptor for each of

a_plurabhty qf ORKA BikoRGE: SLEMPMSALS <Lt SyliPRith ifAldLs rihicodhd o epr esent

novi ng i age” daf a era- ot 1 on descriptor representing for each
respect leagt onleparametar of dupr andmatiorvfiseld avisday wrdeteamitied v aganiiedessapior hat

el ement _was npvi ng_l wh«%\n.gha{, e%g.’r&ent was col | ected, and said step of
gener at FREPSEMUNERENIRCIGHEF St FERE Y Ener at es operations for which the

el enents of the input data for which the value of said canera notion
descriptor is low are nore frequently incorporated into the output data.
than el enents for which the canmera notion descriptor is high. AVENDED SHEET

1 0 JUN32005 5 rethod according any preceding claim in which at Jeast two of said steps of
defining said style information, generating said set of operations, and generating said

output data, are initiated by different, spatially separated users.

34. A method according to any preceding claim in which said steps of defining said
style informatjon and generating said set of decisions are performed by a first user, and
said sets of decisions are transmitted to a second user operating an apparatus with access
to the input data, or a copy thereof, the second user initiating said step of generating said
output data using said sct, whereby the second user may inspect output data created by
said first user without the need to transmit media data from said first user to said second

User.

35. A method according to claim 3 in which said descriptors derived from music data
include a musical energy descriptors derived from loudness or musical tempo and said
musical energy descriptor is used to determine or influence the rapidity of said visual

editing operations.
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65 30. A nethod according to any preceding claimin which said output data
i ncludes at | east one overlay, said overlay conprising at Ieﬁ%t Bgm
text and graphics. 31. A nethod according to claim30 in whic o ay
is animated. 32. A nethod according to claim31 in which said input data .

i ncludes nusic and at | east one paraneter of the animation of said overlay
is determined by a nusic descriptorggrepresenting a characteristic of said
music. 33. A nethod according any preceding claimin which at |east two of

said steps ,of .defining said. style.,informatio nerating said set of

oper at i gﬁs A Qﬁﬁ“’géﬁ%ﬁr‘g’g?i claim é){n THR T %Elpr%grrsg%pmfﬁr%@g‘ausbgﬂﬂlaf ferent,
spati al liycle®PaHeartbre 243t Bint déscriftorEhieatiBethe tighing of Ausioy teageadisiig claimin
whi ch said steps of defining said style Information, and generating said
set of épksditieg epesatisns fnsiydedhopgengration of tra%%ﬁwnﬁwarve@aﬁlwag@@mafsy deci si ons -
are trangn tit.ed .t ; r: ' : L ccess to the
i nput dgg’gﬁdﬁ?ﬁ% c@&%ﬁ?ﬁﬁ%gﬁ?&tlﬁgggé@%% %@gﬁﬁ?n {elalg”l nl\éﬁéﬁz;itg step of
gener at ispgeheenige sabditransiticha wdthusmidrgusiedl destet , wher eby the second user nmay

i nspect output data created by said fast user without the need to transmt
media data fromsaid first user to said second user. 35. A nethod
according to claim 3 in which said descriptors derived frommnusic data
include a nusical energy descriptors derived from | oudness or nusical tenpo

and sai @7- dumiethap 2esrsdigy telelsis B whichsaiddegeninioradedyed fiem grusiq§ataience t he
rapidit " id 14 : 3!?'1:19: EET . LN 2005 66
36|,O A né?ﬁ%%ﬁs(g% (édc’(g\r{ﬁdésr ﬁgéhtt g&gpéaélcﬂ'?tg&iqﬁra\?% tg Eﬁestglﬁgﬁ escrslﬁgt E%;éélo ert#%/ljed from
musi ¢ dateminentodvents imsred orusivolat andisaidhasual etitng opratiasiinndidesthe ng the timing
of nusical beats.and sai.d .visual editing operations include t eneration
of L1 anertraie aiffitnen st sithint Beseliets PR B RachEs salcidebe be: no
used injpRRhaTH tOndhrohizs 8did fRiNsk &ifhHal FRditABeitd of yiBerFromideat Sai d

transitions with said nusical beats.
events.

38. A method aclélord.i.ng to claim 3 in which
sajd descriptors include musical event descriptors derived from music data, and
said descriptors include motion descriptors derived from visual input data, and
said descriptors are used to control the timing of segmients of visual dafa in said

audiovisual production such that prominent visual events are synchronized with

prominent features of the music.

39. A method according to claim 36 or claim 37 in which one or more of said visual
editing operations are determined by applying a time-dependent threshold governed by

said style information to said edit hint descriptors.
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37. A nethod according to claim 3 in which said descriptors derived from
nmusi ¢ data include one or nore edit hint descriptors related to the timng
of nusical beats or other promnent events in said nusic daté JuNd208%i d
visual editing operations include the generation of flashes, said edit

hi nt descriptors being used in conjunction with said style information to
synchroni ze said flashes w th said gwsical beats or other prom nent

events. 38. A nethod according to claim3 in which said descriptors include
nmusi cal event descriptors derived from nmuslc data, and said descriptors

i ncl ude4frot i Ormebed peording tasy Rreredmesait muhich thedunut datednclades asai d
descr i pLafgualCadistied QRHUIR!viddiCad 89 9hd SEOBRNFSpALd-HHaks data T
said audiovisual production such.”that prom nent visual évents are

synchr oportiens of daid squndimiakenith §xdtmsiesinakcérdenaevgitcat 1843t ofe et hod accor di ng
to claim36 or claim37 in. which one or nore of said visual editing
operations are determ ned by applying a tine-dependent threshold governed
by said styl&edtiisQbidEoHIhsof seidkifagidideottiny todR&E hiddb ShfactOHdENPED SHEET 1 0
JUN 2005 67 40. A nmethod according to any preceding claimin which the

i nput data includes a soundtrack associated wth notion video, and nusic,

" and said s : i | i : i t Lgh said
music in accgéagﬁgggapﬁﬁtggﬁfgggﬁfgﬁgﬁg P?%@F@%Fﬁﬁgg8@?@?@6@??§H§%ﬁf
soundt rack amweicdiesmgiptars,tandi r audi o characteristics, determ ning when to
m x in said portions of soundtrack according to the value of nusic
descriptors, and |lowering the volune of said nusic when said portions of
soundt rack ardevefing @k vdlitme 4L said\muSiEREHeA saidpRel 3o f REdUGEK arsURlkedS a
recording medium, carrying program instructions which are readable by a
conput er app#ratus and which cause the conputer apparatus to performa
nmet hod -according to any preceding claim.

41. A computer program product, such as a recording medium, carrying program
instructions which are readable by a computer apparatus and which cause the computer

apparatus to perform a method according to any preceding claim.

42, An editing system comprising stored program means which cause the editing system
to petform a method according to any preceding claim and further comprising a
a user interface having two or more of the following controls:
a control allowing a user to select visual input data,
a contro] allowing a user to select input music data,

a control allowing a user to add text data,

a control allowing a user to select or define a style, and
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42. An editing system conprising stored program neans whi ch. cause the
editing system to performa. method according to any precedingqcl 'rmnd
further conprising a a user interface having two or nore of the follow ng
controls: a control allow ng a user to select visual input data, a control
allowing a user to select input nusi 068dat a, a control allowing a user to
add text data, a control allowing a user to select or define a style, and .
AVENDED SHEET J [ kL causes the output data to be
creat ed. 4%50’3&6101g«&ﬁﬁl\éﬁégagggﬁﬁgum@r&me%i%lteic\é%ltlgdhput data to form out put data,
said input data and output data both including visual data, the system

i ncludi ng: analysis neans for analyzing said input data to generate one or
nore descriptors characterizing each of a plurality of portions of the

i nput daka; %yé&ﬁﬁig_éyswxﬁ FRRAME Mot Ghtade Fdri dpieidutalsdid irpiutradth and f or
controlling the editi'ng of the input data; construction neans for using
sai d, d@SltprUitFiateﬁbgﬂ‘eimlug@igdfi%‘ﬂwaéa,ithﬁ%ﬁﬁmﬁnéwdmﬁ: generate a set of one or
nore editing decisions specifying editing operations to be perforned on
said input data; and rendering nmeans for generating said output data by
perform ng sanelysieineahs fod pedleding seid (upusdatal to gymstatcaresor mdre désapddre m
according to claim431ln which sajd ,jnput data .conprjses visual data and
musi ¢ data aﬁh*‘r§-‘é‘ieﬂz’ﬁﬁleb‘a’t°fda‘ll‘émal§"Hj °§Eﬂﬂs8gh?d3?“t&a{5‘ducti on whi ch
conprises portions of both said nmusic data and said visual data. 45. A
system accordi ng to claim44 in which one or nore of said descriptors are
derived fromstye definitionmgensdor daftringstyledeforpatipndpscatiollingdhe pditis8Af unct i on
with said style | rimation to determ ne the selection, processing and
timng of a ﬁé 1118[:]{&\3%&{;361' editing operations, and :

construction means for using said descriptors and said style information to
generate a set of one or more editing decisions specifying editing operations to be
petformed on said input data; and '

rendering means for generating said output data by performing said set of

operations on said input data.

44. A system according to claim 43 in which said input data comprises visual data
and music data and sajd output data is an audiovisual production which comprises
portions of both said music data and said visual data.

45. A system according to claim 44 jn which

one or more of said descriptors are derived from said music data, and

said descriptors are used in conjunction with said style information to determine

the selection, processing and timing of a set of visual editing operations, and
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AVENDED SHEET 1 O JUN 2005 69 said visual editing operations are applied to
sai d visual data, whereby a nusic-based production is generatﬁg ‘NN?@ ch
the selection., processing and timng of visual elenents is ntrolTed or
i nfluenced by the characteristics and timng of said nusic data. 46. A
medi a player for playing input nmedia data in a nodified form said input
nmedia data including visual data, t%g nmedi a pl ayer including: analysis
nmeans for analyzing said input nedia“data to generate one or nore

descriptors characterizing each of a plural, tvy of ,portions of the input
nedia data; sidvieuaeditnecpentipese spdiedde fiidvViyasidfde i nformation for
controlling nodifications to be applied to said i nput nmedia data;
construction neans for, using said descriptors and said style information
to genehéreby amsic-nkedprdortomis geretited ingwhich tisi sshestien @rodefsing ancthe

modi fication _gperations,to be.appl.ied to,said inp nedi Q. and
ender | R RE VBELSEEERt fcanoliet Sriplbedesd BY e I forifie) BaithiBe o i 1 e
form by,p dfang said set of nodification operations on said input nedia
dat a anéo/fn g@%ﬁveraﬁ ng the nodified input nedia data to an audi ovi sual

di splay. 47. A systemfor editing input data conprising notion video data
and nusic to form output data conprising notion video data with an

associ ated sound track, the system including AVENDED SHEET 1 O JUN 2005 70

anal ysi g6.meaAsnédis payed for plaginganmht mesliacdatvingemedified farms said imptanadésscri pt or s

characterizing,beats.in said nusi.c. style definition neans for defining
style i #6#}?2‘?4%"%%‘ d&@nﬁ‘Fﬁﬂdi“’rﬂW%é“%ﬁcﬁPg'ng of said notion. video data,
conprising nmeans for a user to select a style from a

analysis means for analyzing said input media data to generate one or more

descriptors characterizing each of a plurality of portions of the input media data;

style definition means for defining style information for controlling modifications

to be applied to said input media data;

construction means for using said descriptors and said style information. to
generate a set of one or more editing decisions specifying the modification

opetations to be applied to said input media data; and

- rendering and playback means for playing said input media data in modified form
by performing said sef of modification operations on said input media data and

delivering the modified input media data to an audiovisual display.

47. A system for editing input data comprising motion video data and music to form
output data comprising motion video data with an associated sound track, the system

including
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plurality of styles, construction neans for using said descriptors and said
style information, to generate a set of editing decisions specifyin
editing operations to be perforned on said notion video data,18hdiite

| east one of said editing operations is a cut or transition whose timng
is influenced by the beat descriptorsiy and rendering noans for generating
said output data by performng said editing operations on said input data.

48. A syst emz@:ﬁlé@i%fi’.ﬁé&ﬂs tR aﬁm?kiﬂ]géﬁdfmusﬁmrgeﬁmrdnaloa@da@amnf:t@rs di spl ayi ng
a graphical usér interface fnclfuding visual thunbnails. 49. A nethod for
edi ti ng i nputchdmkterzimgrhsats si spjd mysicon vi deo data and nmusic to form out put
data conprising notion video data with an associ ated sound track and the
met hod includes the steps of analyzing said nusic to generate one or nore
descriptors cdpae aefifitio pandpatefining styb idfomsatian fodebitroltige theyediingrifor nat i on
for controlling the editi ngt of sajd noti o? vi deo daie? b% af user selecting
a style fromsaidynatien yidgo d¢ta.QonpEsing MRy U A WerRSeertt Ve T35 ai d style
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é;(’:l?rfagl ng sgglé\st’i

deci si ons sp ng operations to be perforned on said notion
video data, where at |east one of said editing operations is a cut or

transition whose timng is_ influenc b he, be We)d . and
gener ati ng saqc’as%‘ff:“ﬁﬁlm%ﬁ? g’rwnﬁéf‘@&? %q%oréggx%?ai%lg?%ﬁgfog%gﬁla ’?%ns on said.
Input  data. &ferafs I8k bPEUiASE BEAMING speciling edidfe opeehtitths ngbs pafatred of

di spl aying a graphical user. interface |nclydlng_visual t hunbnai | s.
AVENDED SHEETeR said motion video data, where at jeast one o said editing operations is a cut or

transition whose timing is influenced by the beat descriptors; and
 tendering means for gen'.erating said output data by performing said editing

operations on said input data.

48. A system according to claim 47 further comprising means for displaying a

graphical user interface including visual thumbnails.

49. A method for editing input data comprising motion video data and music to form
output data comprising motion video data with an associated sound track and the method

includes the steps of

analyzing said music to generate one or more descriptors characterizing beats in

$aid music,

defining style information for controlling the editing of said motion video data by

a user selecting a style from a plurality of styles,

using said descriptors and said style information, to generate a set of editing
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decisions specifying editing operations to be perforned on said motion video
~ data, where at least one of said editing operations is a cut or transition whose

titning is influenced by the beat descriptors; and

generating said output data by petforming said editing operations on said input
data.

50. A method according to claim 49 including the step of displaying a graphical user

interface including visual thumbnails.

AMENDED SHr=



