WO 02/ 052565 PCT/ S0/ 00197 System and Method for Media Production Field
of the invention 5 The invention relates generally to conputer generation
of medi a wootseseens. In  particular, the invention rel at @eCTiSGoaLOOAAt ed Or
sem -automated editing of productions including any one or nore of the
foll ow ng nedia: notion video, still images, nusic, speech, sound effects,
ani mat ed graphics and text. 10 Background of the invention Today, anal ogue
medi a are gradually being replaced by digital nedia. In the case of audio
this transition has already |largely taken place, and it is well underway
for imge, video, graphics animtion and other nedia. As these nedia
becone digital and the caggkbmidnd/Mehéd frRM&iOProdasguH i Ng resour ces
continues to increase, new users and 15 narkets for digital nedia

production ar OP ni.ng yp. O particular relevance to this invention are

ener gi ng m%&fgﬂg—g—g@#&&%&w 1 | media production and especially casual video

producti on, Thegnven@serl Refall§ t@b&ﬂ{)&@ﬁéenﬁfatiﬁﬁ of ﬁ%&fa?)?@duc\’i?r%‘?anr oducti on
wh I y, the

woul d preclude its use an ere, unt recently, ost of the necessary
equi prent  wasictilag thé ighentingslates e huidmated v sehidadopated editing of prdgctiank

hol i days, weddings, etc), 20 s i pformal corporate uses (e.g. interna
communi cat i (5‘?1(’3“&&%&% %lﬁqrﬁPﬁgﬁg,tjoﬁg‘@mglﬁvdé%E‘?Og]topé’éde&nﬁﬁbws’ music,
or gani zat i ORfeecB!sound Bfects) BfRRteddrapldisd'ald 0kt " deskt op” vi deo production has

exi sted for about a decade, but w despread adoption has been hel d back by
a nunber of problens. These include: 25 1. Problens of technical

i nfrastryct WGk rw&do £01.§ §nand | oss of quality when digitizing video
froma canersa, k space, insufficient processing power,

etc. 30 2. Thday,aaklogic medix ar $a}duallb/®6&ﬁ1gqsﬁlgcﬁd3iyrdi%itmin&ldiaﬁﬁlﬁ@l@dﬂéa%ﬂﬁf unti |
recently the _only w desprea r mat ve been videotapes, but the cost
and tine in@B‘I'hQé%fs R0SIERHgS F?‘%’n‘a&%%' @ﬁ%rt Plagsy end i ipwelk bpdrwan iy ipegent i al

appl i cati ong;qe¥QyAgki0oAmRa: S AdIRY AR 7 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 high 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.



2 3. The time and expertise required to nake acceptable-quality
productions, particularly at the stage of editing and "post-production". 5
The firstwanzioeesond of these problens are today di sappeaPCTgGot@n¥s t o
technol ogi es such as DV caneras, the IEEE 1394 ("Firewire") interface and
video distribution on the world-wi de web. This invention attenpts to
address the third problem allow ng autdnmated or semi - 10 automated editing
of digital media, particularly video. Today, the nain tool used for editing
video is the "Non-Linear video Editor” or NLE. These are conputer prograns
whi ch adopt many paradi gns from conventional editing mnmethods such as film
cutting angy lin ; R -Ya [ i i aehi: 15 enpl oy
manual net%%ds g?kﬁﬁﬁg?ﬁgg&%ﬁgﬁra gggé Qgﬁ?%% ?%qggg j?g%%ﬂg ére the user
is experi eadelahhatthestagesifredidingasad [“post-pradubtighiz qual i ty vi deo producti on.
There are many products of this type including Prem ere from Adobe Inc.,
and Movie from Apple Inc. The NLE is a consi derabl e advance on earlier

t echnol ogy, Theeirst 4 RcdRIGH tResTBEIb1e2Ek ﬁé%&'di’s?ap}t)éhrﬂ’@'ﬂ%k& ReteltRlodis nNot a
medi a professional, in which ErofeSS|Qna[ quality 1's not essential, or in
which it i supleerBYaeameres, duilEERB84 (‘Elirendrey) iptarfaet gnd HdemdistiButiombinch cl ai m
to be aine - D ssionals have a significant |earning curve and
require suggggﬁp?§7£¥?%§'to produce acceptable productions. It is generally
accepted that in typical cases a user will have to spend one hour in order
to create oq$ mnute of 25 output video, in other words a ratio of 60:1 of

product i on YHFARVERHQR aitemptytondeiess i third proplemy gowimeraytomased e ssmit he

current jh nveih A8 Wﬁf,ﬁgﬁgi?"&mgdie{ %ttd'g%fl%ﬁ?,r@&%ocal |y through automation, to

t he poi nt ere In so es acce esul'ts can be produced without
any user intervention. 30 There also exist several tools which allow a user

to create oductions jnyol vin he .real-tine djsplay of_inmages and text
synchr oni ZEJ(EJOdg&.t ﬁn};ﬁ?&ijfod? ’_t‘?egc,fﬂ.ecﬁﬁ‘f&%‘d‘?%’élt%%reﬁorﬁ]lﬂ%Y%?P EQ}EHTEOI(QLS; Fl ash
fP E%msggg ; gg%é%@mg Rempute? phEBAROWh IR AlSpt (farS- pabRNER PRbAlHR RRLAARER

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 productions 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



fromMcrosoft Inc.) and authoring tools for stream ng nedia (e.qg.

Real Pl ayer from Real Networks Inc.). But once again, users often find that
t hey needvoo02/612665d hours in order to produce a sinple prpdnsGowwisasti ng a
few mnutes. 5 Sunmmary of the Invention This invention ains to provide new
and useful apparatus and nethods for generating nedia productions from

i nput nmedia material. 10 In general ter#fs, the invention proposes that
input material is edited to construct an output production. The process

i ncl udes derivi a set .of nedia descriptors which, descri t he i nput
material , i%@ﬁgrﬁfloiﬁgﬂ)ﬁpé’"ﬁ‘mf“gg‘fﬂ(i%l#??é??aé‘f*lﬂéfneg}ﬂﬁ%cge%eﬁ‘g ?aé(er fg%‘ﬁbi nati on
of the two.Reb{INStwokd REHOWRHORY BafnOBRUY SenIARBHaGRSS hEddGh 's?éhdFH QFERS

whi ch includes naking edit decisions based on (1) the set of nedia

descri pt or 9rderteipiodige a simpleproduction lagtingfa faw misetes.gener at ed styl e data, for
defining the editing style. The input material may include any one or nore
of notion video, still imges, nmusic, speech, sound effects, aninated

gr aphi css arghimmeaty of #2 Ihteéntisat of medi a descri ptors nmay be suppl enmented by
descriptors which are pre- generated (e.g. outside the apparatus of the
invention) gnd inported, for exanple_ together with the input material. The
styl e data 1K t’é’éﬁétp%tfodlfoﬁl)?{éé‘e}?{ra&é%%fgl/\ﬂﬂpé‘f@tqsr?@ﬁmgocgifgh%ﬁrne@f‘méot h of
25 det er m R &fid frodfiont %H%E{lﬁngc%%@@jah_i stic) operations. The editing may
i ncl ude any one or nore of the follow ng processes applied to the input
material : segnentation (of video/audio), selective inclusion, sequencing,

transfo tion a confii natian. These pr.acesses opti.onal |y he

suppl emE;' téa g%‘&fr%q?rﬁlsggjgrlnﬁ#@?\Pécmoﬁfé?ﬁﬁatﬂﬁ’@ n?agergaigspgﬁtlegao & ns{;% t ages: a
pre-sel ect iqupus prdactRin. The bfdcedsNBeladdsURYIng aGRNSH HEGh 'd@:ﬂ:ri%fdi@@zﬁﬁ:hand a
touch-up stage after construction. W 02/ 052565 PCT/ S0/ 00197 4 A

parti cul ar |dgsqsibeles inpat metaxials eithst by walysiy enfrommniexteriead sowict,iory t o produce

nmusi c- base j i i C | nput terial, consists of a) notion
T deo s o aPHEH bt BRtwb Il BUbHE bYE K BRE RS GEREEIEP0YE (Tt em
anal yses botlicli ineludegipakingedie declsidns 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.



the nusic to create nedia description data for both, then uses this
information to 5 create the output production, influenced or determ ned by
t he struovaonzomafest he nusic. Typical applications of the BOT/SGHK00MYNVENti ON
i nclude the production of video and other time-based nmedia for hone,
corporate and hobbyi st environnents, production of slideshows synchronized
to nmusic, production of rich-nedia elect#ronic greeting cards, 10 production
of nmedia for world-w de-websites, production of rich-media online

cat al ogues, production of rich-media online content related to

consumer - t A P3RSkl prefaredieatsy plcthe ineatiquistiheabilify tp meoduge musissbasery
classified I ; i V] | | :1.0 sych as
the pr oducti oy SiPhE SEHEA IR m AR SORATALa) AT AN WEBHLAIRRAC] 2
bot h met hodsehntiinzgps raat byreasyded haisici The sagp@raahlyses boche ivideogmagssadt | ve

nmeans to performthe steps.of the.methods), be enbodiied wthin various
ki nds of Eaﬁ“ﬁ%&% tPﬁEqaifp‘B?fBa fesepton ke ga)éé‘fg%%? 1is iggywatien to di gi t al
assi st ank s, creigd feadu@sht prolRe & Eﬂﬂd&ﬁcé@dﬁ‘%teﬁ%ﬂfb?%@ﬁﬁﬁ&re dF gid Ayl deo

recorders, televisions, ganes consoles, digital “sti caneras, and digital
vi deo caneras. 20 Brief description of the draw ngs Enbodi nents of the

i nvention e .descr.i bed h inafter, for the.,sake o xanple only,. with
reference t o R H aal?lé‘iﬂng?fbss&’t $C gﬂwe%%onlﬂln Pdiﬂ\elﬂr?éicﬁ‘&’f gg‘”aﬁo %?%%Frnenjt of
the invent e basEarh&didbr AoSe] codporhidlagl GOPRESeRMirodmiiEs, pesRktoPe! es; Fi g.

2 illustrates an exanple of the operation of the enbodinment of fig. 1. 30
Fig. 3 il udideshosws sypehuprizgddamusic prasietion ofrichomedie elscionit grasting adrdsli nent

fio 3 4 R o s R bR ARG b g SR RSB ot Fig. 5

i s a flowchatdlogdekysbdwtiongf tictghediawnlise ceatitngardto dagusRetEednsiumet he
exanpl e of fig. 4, such that the output_ praoduction preserves the order
of segment SHFFRAIGAHOpHRICh pgORjineAnetionsAnd classified advertisements, some

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, personal
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
Embodiments 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 fig. 1.



Fig. 6 is a flowhart illustrating logic for selecting a video segnent in
the exanple of fig. 4, such that the output production does not preserve
t he ordeweo2/esrgisents found 10 in the input material, bupPCT/Reoe@AISEl ects
by simlarity of the segnment descriptor values. Fig. 7 is a flowhart
illustrating |ogic used by the embodinment of fig. 1 to calculate a
similarity nmeasure between a set of canélidate segnents and a target set of
descri pt or 15 values. Fig. 8 illustrates the structure of a nedia scene

graph whic ner ted | odi nent ., of fi 1 an ichis
conpl ete rg Wﬁ’étc}fﬂé?ar Bgml?flb‘d‘fi 0 E?ﬂ’lﬁ‘gp\,\‘gﬁ"%'f‘ a corrpl ete
set of | nStsﬁiﬂQﬂé ggg@n@‘ngr makl ng the output production. 20 Fig. 9 illustrates

a first, sinple suitable for use in the enbodinent of fig. 1 with
three main user controls. Fig. 10 iIIustrates a first, sinple GU suitable

for use in t: r control Fi g.
11 il lust ralztlggs %ﬁog% 1111%§ra0?gg F’I%lc M We%cttlflgﬁ V\’\% ﬁ%gI&S%ts‘nﬁ%ﬁe"?@a[ﬁ fz user
i nt er act § orfig. A, $ueh MiRdt ﬂws@t pR@rédigtidprebdruss thebeRr 8NseghrbRfatidon ted t he
principle ilTustrated in flg 3, specific to the creation of nusic-based
producti ondipupmmateriabs 2565 PCT/ SGO0/ 00197 6 Fi g. 13 shows a feature of the
enbodi nent of fig. 1 in which the sub-style sequence is matched in a
one-one correspondence with the nmacro-structure of a piece of nmusic. Fig.
14 is a fl diglsista ﬂdWahattﬁ]Msitna@ngﬁmgiw@ysdlefctmga wviddoad et in e dxagiplelofi n whi ch
a sub 5 stryJIe se can be mpt ched automatically ﬁi% t he macrp-structure
i nput mig & su ﬂba ‘FP‘Fthé‘? Ughery %FstnﬁFE"se%Vﬂm’?d)r O S7AmBT BRI oo i ng
edlt Pr 86 €rig RESAph RARIAIY bR indtCHIQERBE b9 Rindidrly 8¢ iHe sBEALS @&Eﬂlﬁ&@ﬂ froma

musi ¢ description in order to generate edit decli siOns.
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.



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
wor kf | owwW@p2/es266ser creating a video production using thePCLSGenwaeli nent of
Fig. 1. Detailed description of the enbodinents Fig. 1 shows the overal
structure of an enbodi nent of the invention. 20 Referring to Fig. 1, the
naterial input to the systemincludes ofie or nore of the follow ng: -
"input video" [101], i.e. notion video such as a digital video stream or
one or nore dlgltal video files. Typically this is unedited "raw footage"

such as vi da& 133hows aeateig of thsgmab Q@Hﬁ@“ft_&fﬁg E HriwBichdhe subptyle peavEyca i nay
i nclude an 4 npid 1n§%'ﬂ e %811&%33)8&’%% th'tﬁ'é)llﬁtactjo Bfire %f’lzpﬁ]:%ee%f dﬁg)s];lé till

i mges such as |ta i mage hiese e use nmot i on
video, or in addltlon to notion video. 30 - input musi c" [104] in a form

such as a ' ital eam.or one or re i git audio files, In the
onbod: et Higeds a?fé&i hat ﬂ[%taratm%ﬁqf?g”%a digsmondhidn Gt imabihootbr |7
framework f@ye tdige Qdétogﬂ%e%é?ﬁiéﬁtah%atﬁ:&lﬁr fotRY a¥ioSHAlot AH@BPiBb&'m hsfc, © ed' ted in
ways which relate to the structure of music in order to produce

musi c- based production. 5 - input text and/or graphlcs [ 105] typlcally

usedfor ti credits titles rmat i 6],
o data dyer gt pySHbin BRunoS St et Fom e & o
t he aut omatihfr&@mst Witk i@ Rindy @GRLE from NmAkid Aescprids it Hi@der t09@hdrhRd@®dat VI e”
The user may sel ect froma nunber of predefined styles, 10 and/or have

access to idsasiPngual style parameters. Depending on the enbodinent, styles
may be ternal to the systemor formpart of the system In this docunent
the term"input material” is used to mean one or nore pieces of

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 .



medi a which are presented as input to the system Supported nedia types

i nclude 15 notion video, still imges, nusic, speech, sound effects, static
or ani matved ogexaepdsi cs and static or animated text. The teP@TSGHpPWIINI sua
material” refers to input material of any visual type including video,

i mges, animation, graphics or text. 20 _Qutput Referring to Fig. 1, the

out put production [108] created by the gysten1is a piece of tine-based
medi a such as a video, aninmation, or timed sequence of images; this may

i ncl ude an assocjate rack, the output. soundtrack.[,109].. .consisting

of nusic, speecfﬁ%éten%rg?&gﬂ%8‘%%%@85‘%9“0%21661&3 ﬁfsuﬁlrrB%fﬁrd%lilf‘)ﬁ ied I or med from
some or all of thgs3thitiRuite fthe kiradtustifeie Masic hradesthirediced ai®@ne or
nore of the follow ng processes by the system - "Segnentation". That is,

i nput video is SRE§PREPIOEYEt®BCOrding to visual or sonic characteristics, for
exanple into shots, parts of shots, segnents that contain a 30 particular
voi ce or background sound, etc. A shot is a single contiguous piece of

vi deo whf ch deesinpaittettaud/obpmpkiss fr05¢ titpscallywsed fos tides empdiintsubfitias, ekeo whi ch
was recorded w thout pausing or stopping a video canera. WO 02/ 052565

PCT/ SO0/ 00197 8 - "Selective inclusion”. That is, elenents of the input

material such_as§aoneRtSeh" [1960€Q, dAWS) ﬁgﬁrusé@bsflﬁﬁrsg%m t8ebRed1ed | mages,
deo f cl ude

or regions w thin’inages or Vi rames are in I'n the out put
production, whi lisflogrive aspeaisef thecduietnatic ®nFypitioalpkacess g otler vomd=thei onal

medi a production, -..a |l arge fraction is excluded. .- "Se ci,ng;. El enents
of the i mput mat srie sRAGT L ERE Gt Bk sBie B B ik o HESCTBEA AWy of the
el ement §o conpr i sdndghrthbife AdbRUS indliPidUAlstAE paameREP ANendidgbhiend i N8 ordering
of those elenents in the input material, or they may be sequenced 10

accordi ng to sorfinkadieentcstyleeriar he stemaito de sestém oo Fors part efithe gystem.
"Transformation". Elenents of the input material may be transforned, e.g.
by a process including any of the "special effects" well-known in the
prior art, Inithisldockiment thieatasi Sinpat maesialdfis Gl es nmetn gne tfomorFiezeoaind fl ash
effects), spegd ) ) . .
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 is 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.



15 (e.g. slownotion), size (e.g. artificial zoom, position (e.qg.
artificial pan), shape (e.g. warping), etc. - "Conbination". Elenents of
t he i nputwoat/en2s@ are conbi ned both sinultaneously and Bemieentoasd y. For
exanpl e, inmages and video segnments fromthe input 20 material may be
presented sinmultaneously with input nusic, and input text/graphics may be
overlaid onto the video. Inages and segfents of video may be concatenated
with overlaps allowing the use of transitions such as dissolves and w pes
wel | -known in the art. Segnents of the input soundtrack may be mi xed with
segnents of the input nusic. Miltiple i mges and/ or video segnents can be
25 presented siggictiaopersion” | Thaid bRuRALs e Pt QhtelilGubl R AlegR Ff the
out put production or m xed over each other to create conposi tge i mages
("m xage"). Thadensnpisic Qrsodnditackseleated ansgesi owegides withayinmgegemadent ed by

the systemw thout reference,to the | t mterial . such,as .colors and

textures used %@n%sa%ﬁbr}c&fﬁgér} t}@togfﬂuiprogg&éﬁwiﬁ? € daraF’éch?egal el enent s,

etc. WO 92/ 052‘@@5(:@1?!??%5@;%@@11%& fhediAPbdiRtion a8 tare Satioptis exclédpdponent s
g.

Referring again to , the enbodi nent has the tollow ng conponents
concerned wth analysis and description of the input material. 5 - The

vi deo anal yzery ;I&m o hi : | t Vi | deo
description [ 1§Lf Conteai E?er?géﬁ gsjn(}eﬁgefmﬁr?onf%lhtggglc%%E%?egpgnﬁgaegg #%ggh%atﬁg‘?yzer
applies si gnadrdeied ofshs elemehtsicomessiap tlat hgputlprodistion c@raspasiito thettime

i ndi vi dual framgs_or gulti l e f,ra,ges of the Ln t video in order to create
the descri pt or¥deriggpithpse A1 191187 WPt matcEak Of By B1aYBIiSgHHeRESs or col or

such as 160l or [Slaad BBmeTRR? LfiRfork ud astdR¥diitié siiRARYr s of shape,
measures of noti on?%rcti vfntey, deslcriopt or sasi deﬁ%i{fysllng%?he times of shot and

ot her segnment boundaries in the input video, categorical |I|ikelihood
nmeasures (e.g.,prohability that a ment of the i t video,contains a
numan §ace. - b dBABR R ORh d et o B R aptoda) iy Vet onREL S BE %01 ¢ he
rate of changgogdd ifl@lihSidyCthd PRI dfRStsO wellidRivnd S S rithr QFtS .
descriptors derived by
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 music, 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.



15 conmbining two or nore other descriptors, etc. Many such descriptors and
techni ques are well known to those skilled in the art and new ones are
const ant Iwo obei2ags defi ned. - The soundtrack anal yzer [ 112pCT/SGd®o0asral yses
the input soundtrack of the input 20 video to produce a soundtrack
description [113] containing one or nore descriptors. The soundtrack .
anal yzer applies signal analysis techniaues or other kinds of processing
to the input soundtrack in order to create the descriptors. Typical

descriptors . . | O | nsity or |oudness, neasures of
frequency c%%p i @?%?aa’éﬁisoﬁlggg}?l%h%%troi d, brightness and sharpness,

cat egor i calReterring lsghinho ad. IMehs ethbsdifmenithas Hebtlbivingtdonigeatnta cergredat of the
i nput soundtrack.  contajns, a hunan voice), nmeasures of the rate of change
and st ati stVihmabsgiandidesdiption obthedppeieandteniadt or s, descriptors derived by
conbining two or nore other descriptors, etc. Many such descriptors and
techni ques are well known to those skilled in the art and new ones are
const ant 5y -beiThgvided amdgzer §010]. Thes analyees tharmpyzeded thlgtpducthi Wdemnal yses t he

i nput i nmages to produ n images description [115] containing ope or nore
descriptors. %‘??@ﬁpﬁ’w‘&b@?éﬁ%qr&@%‘%gé’ﬁﬁf’f aer S?T?Htﬁ'[@ég’ﬁ_"lﬁ%?/a@ JETCORYF 10
si gnal anal ysgignél%ﬁ:@mig%ﬁn@he%ﬂgﬁerlﬁirnﬂ%fgfoceis%et%%&g@m friddsvgrdual

i mages or groups of "inmages in order to create the descriptors. Typical
descri pt ors amaltiplefiemessf tie ibputghdesds ordsr teakate tddscrptorsolTypidal st ogr ams,

nmeasures of texture neasures of .shape, cateqaorical, l.i.kelihood neasures
(oo o obabi b B BB S o biRBEor R SR A o S B B R | P
it is ajpaturaftestued)ncaiirey of SHRPE HidSured of MBtioPAdvits! &&aﬂiptﬁfs(i@ﬁﬁﬁfj'iﬁ% of
ot her descriptors, descriptors derived by conmbining two or nore other

descriptors, &edimagaigheiar ofees spgpnt peunsaties Bhningubyidae.cattgpticdknown to

The misi ¢ anal SoLPof pirelf € RAAPER, By SARRLERE ek il DBShBREa i

description [ himpn fxoafmobability thet i0is anniueal desel ¢tp), afeasurdhef thesiteofinal yzer

applies 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



signal anal ysis techniques or other kinds of processing to segnents of the
music in order to create the descriptors. Typical descriptors are neasures
of i ntenawoy2/ai2563 oudness, neasures of beat strength, nusPCBEBGoMQIIIM and
tenpo, neasures of 15 frequency content such as spectral centroid,

bri ght ness and sharpness, neasures of nusical pitch content such as root
note pitch, consonance, nusical key neHbership and chordal content,
nmeasures of the rate of change and statistical properties of other

descriptors, r i | IH r [ t her
descriptors, gfgzi.&l %@Eﬁ@fﬁﬁ%ﬁ{q&ﬁgﬁﬂ?@%@gﬁ& ?(?cgc% Igc?])ul 3@35@31 @éﬁng Rhown to 20
t hose ski || ed groups o imaades anetdeete cpsatsthardesceipesss. alypiyal iesdrigtatehiened. The

music anal yzer may a) so . provide a representation of the structure of the
i nput musi c atmea\sl‘é}%? 6‘%@‘@?@?@%@&10@,5“?@ ahalordustagrams: megsyes OAIXUEE. maj or

sections such @gsurbbff QAMC rc%t@ﬁbril\c/:éﬁiﬁéihfo‘c‘)ﬁ' ﬁ{eﬁﬁlrese@fghgﬂ)bﬁﬂﬁt ;t{ﬂiatca[noi'}n Lmescal e

of bars, beats and sub- beats: ans of represen nusi structure are
wel | - kno®n t o comfgins iadmsan Z&cenprobabilityabat isiss, naanel sotieeeis), rasadurem of/the
techniques for, extracting this type of information by signal.L analysis are
known in the ﬁag‘Ftbcang@E‘%‘ﬁﬁ?%e?th?‘gfge?%“pﬁﬂréi pudptors|dsrived By eRIRbIREETWORe

anal yzer conpeqgdbhefl@ssefibtoRdedd 8ty shdlP destgrorslabl 18kl hre vAIBknown

col l ectively known as the "nedi a anal yzers", and the descriptions [111,

113, 115 30 &nthosasiilledia thovahvandheew eecsi age canstanilpbeipg sefinadd 02/ 052565
PCT/ SG00/ 00197 11 Medi a descriptions can also be stored for |ater use, for
exanpl e by saving the description data to disk or non-volatile nenory.

(For sinpli€i The niusicsanalzedtl 16]0OMis arfalysks the idput miRico dkddRes a khigiduser to
construct different out %ut productions fromthe input nmaterial w thout the
need to re- andrSFsigtignidy/| sentainimgone on moredeseHRiopy Jhesrisiganalirer aopliseded t o

view nultiple i i : J.Ld: t rnatiyely to,
si gnal anal ysisg%é%[eng@%ils\é%g?{sq%gn%g}%g&?cﬁ%%ﬁ@g&e%%%@hsggmgé;g t% gm%arﬁ%tlésitﬁor ed in
the nedi a desordepta anste ticrdescripitons] Typicy] ddstrijgoisarawatassbwd intensityer 1. ) .
Such descriptors have been eat ed sone ear]ier tinme and are typically
1o enbedded m;?‘f"rﬁlpﬁs,s’ @Fa%uFFsé’g tﬁﬁ?“ga‘f" Eﬁcetl&i}}ydﬁlﬁémfi HRSRRO; mpeskPRPl ~ such

descripy®rs 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 musical 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 ncl ude video descriptors generated by canera instrunentation such as

ti me-of - shooting, focal distance, geographical |ocation generated by
satel | it w@oz026&ni ng systens (e.g. GPS) attached to thePCHSBOE019TEASUN €S
of anmbient light level during shooting, etc. They nmay al so include nusic
descriptors generated during the music 15 production process, such as

el enents extracted or derived from nusitl sequencers or MDI (Misica
Instrunent Digital Interface) data. Misic sequencers and M D are wdely.
used in nusjc productjion and can be used to create descriptive information

which is di Medidescrintiogefanalsq boviored dortaier useatitiegamplgby|sagingde it i s i xed
down: for { r I ical =i : i musi c
repetition gétg?@%&l}rdeag B Cg%“g?gm a‘l;b?r%%? {Hgg{oggs@% [E)l?%rhg ltg’zthfsgﬁ%tsgé%ﬁlat e
from a manuBig. b) Besallews theasdrdo pomstestslifférent ougpua ppddactionswions theainpste r

annotates the i.nput. music, video or images before i, rting .the input
material plHeefp W’(ﬁlé%?}?ep‘iqeéﬁ%r‘?’?ﬂag’z? ﬁ@?esr%ttﬁ‘tﬁ reg\h‘v‘:‘% ﬁ)@@é?qea%% UMfpy be 25
cl osely kel alaeh {oviehe SntipleAtemefiRAh6gudinsi gnal anal ysis. For exanple it
is sonetines desirable to create descriptors using the system correct or

refine these descriptions nmanually, and then use the refined description

as the basis far. processing..b he. ot her., nodul es of the syste 3
| npor t ed de@c dlakﬂoglrtg’ C'B’gng%ﬁ%&%(ﬁlg&fﬂra@@{ylSV’ %‘?C’Pﬂ@rsﬁgﬁf ge W@W&lﬁtf’%& or
they may r@gténf énd d6reh e thrMMSddscrifume eI bOAnPlicity ti8E By @) shdvadindig er t hey

are inported; this function is also provided by the nedia anal yzers. WO
02/ 052565 PEF/ Smbojeserigors haye beniseqatedrhseme subicRame end arg twpjeally to fig. 1,

th t I : i .St raphi cal
user ) neiSr T BAddE wiff, BOBRSE AR RPRENGRNE: Stch ATRBRHFEM C2.
and the sysinelnde ekudoictiptdrngensidtéd Bevanaah idtrubeatatdibmenchrl ditdeast- of t he

system User, interaction typically includes the follow ng capabilities: o
Overal | conﬁl}OBPl?g’sz‘@ﬁl d&éangagéegliaﬁhw%ﬁoqaﬁpége%ﬁtﬂ%mﬁﬁ@lhferi@ﬂtwamg mat eri al

and 10 zfel §5tnNe @f GRSISERIhaRld 1R cdhdig, hlsulRor AMbRYUE i QREL Ay O her

aspects
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 are
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, instrumentation, music repetition structures,

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 descriptions
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.



control include the initiation of analysis and construction tasks. o User
interaction with the style information - for exanple the sel ection of

pr edef i nado 81442665, or creation of new styles, or alteratipar/s6oeoisti ng
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

bel ow. 20 - The constructor [121]. This!Zontains nmuch of the core |ogic 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 use these inputs to mneke all the edit decisions necessary
to specify OfgriGunipsiientsre out put production [108] and to store this
specification of the output production in a structure called 25 the "nedia
scene gr aphRefgrringserinto fip. 1. thesywao Euthepinchdguihg dollewing compphentss
representation of the formof the output production or as a conplete set of
instructions for making the output production; this includes the source and
timng of allThekeaphivhbusef intdréace op GULITERGAr Tals decgulintagnsiigibetvieeathevi deo,
musi ¢ or soundtracgk, selected inages, or regions within jmages or video
franes) which u%f@ﬂ%éiwgamﬁ FORARNISALRAIVItR SOETRL OF B1F, othaianqdpirs ot dhe
transformatio d i : : : J ﬂﬁﬁg : ats, the types
of transition@§¥§gb%ﬁﬂ§g§ﬁkﬁséEﬁﬁ%ﬁyﬁﬁgak%?% ug?%b : Pﬁ%ﬁggﬂrce and
presentation of all overlays such as text and graphics WO 02/ 052565

PCT/ SO0/ 00197 13 used in, the tput produyction, .t.he timng of .all  of
Chese el enont s, St OveRoRiel SedhsBeeatind s dbtauning cia Fpideiridt ang “and
al so pl ays an i npokdiadton’dtla@lestitiatiod fild R U outld pRoduBtion.t Other AdpctP bf mar y
under|lying data structure which the user interacts with at this stage,
being a full representdinduleshe irdationrof enalyps artbieansowction taskal | ti nes and
bei ng updated to refl ect changes nmade by the user. The MSG can optionally
be saved and rel oaded for later use, allow ng progressive touch-up of the

final productione Alssointepation with theetyMSGdringtiorex &sfExembRthesaéctioh@gdi ons or

certain types of edit information) can be "l ocked" and others,
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 production 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



10 "unl ocked"”. This allows an output production to be nmade by progressive
refinenment: the user instructs the systemto run the constructor (and
render er WO o¥9®2965 t he resul ti ng out put production, |ocks PETRGOE0DY7
features that he/she likes, runs the constructor (and renderer) again to
repl ace the unl ocked regions/features, views the altered out put

production, |ocks another set of region&d features, and so 15 on. The logic
of the constructor and the structure of the MSG are described in detai

bel ow. 20 - The yendere 123].... Thj,s .pr.odu out.put produgtio

according to ti eec{miqﬁ? @PFP&'& Pr@ﬁ FHpTy h’g t'l%ﬁ@ig O%EEBfﬁ’é??e ?}g‘PE‘gE’ ei?"t' uﬁm%@& ets the
MBG data as i kehtrels tHeqBderdiske jad GRIoW)REd oSS an iMpoHdHE td10Bsinsel ect s

el enents of the input material, applies processes such as sequenci ng,

t r ansf or mat i oMangakinchaup:dhis Medprioat anderditing date strugtive vdutleteiusers, and
transfers or ¢qpi Hhem.i. t fi (o] 25 . audi ovi sual
ront tor - The gt PO P SRR E A teiteAudioh of et B R bR AL
performed by tleiniesradbemgapéatebtoaetibdtychumdes nadowm theusthe art and do not
require further explanation, being found in many non-linear video editors

and generally supported by standard video architectures such as D rect Show

from M crosof rpbMGSG caREptidhalty B el bBAYADRIR fbiNGter gug?ﬂm{i{g?ﬁ%g@%el ncl ude

a conpression nodule, 30 conpressing the output pro I on echni ques
such as di gi t &uchiuped the Hing peskicton. addsog pgits @ thavi® (fopemgdstentpordli ch are

wel | -know in the art, far exanppl.e. as defiped by .the MPEG (Mdtion Picture
Experts G oupﬁ%?%‘ﬁg?%?“%?%@%w%g%caﬁéﬂ @8‘} 0{5’5@&‘“54_ Di stri but ed
Productiipn | n“gglegaal’. Thistabts 80 6UIFRNbrodhididnith ¥E Hakie By biogd&skki bed as a
single systemincluding the 5 nedia analyzers, the constructor and the

render er. HowskfEiement: dhmusgr strimss the spistemyrtp urt d ceystruetor (andwhidskerpach of

th dul . tjall t, diff toti t
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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 operations
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.



constructor. Such medi a descriptions can be created by nedia anal yzer
nodul es 10 i nvoked at any earlier tine at any l|location by any party.

Li kewi sewberezse&s the MSG is a conpl ete representati on of P€VeGowrme©f t he
out put production or a conplete set of instructions for making the output
production, the renderer can be run separately fromthe constructor or
anal yzers. It can even be run in 15 real4tine while the output production
is viewed, in other words creating the output production on the fly, in
whi ch case the 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 tinme of rendering. 20 For exanple, in an
application where two parties share access to a common body of i nput

mat eri al , dDistribaged Roodwidivni cal copies of the input material, one party can

run the analyzers. d constructor in order to,create, an M5SG then send
thi's NBG t OidherliodR dopaRery- et cherbal aﬁaswghsystmgclgﬂeg fender er
to create thedipsdaiiers, OMAGEhQ6Y é'nﬁ@}é% ﬁlﬁdérhy"H@@exﬁe?ﬁ/éaﬁ akb®¥g 1. In

anot her exanpl e, a community of 25 people can first acquire copies of a
common bodydigfibutag systerairewhich caeliofibessanetudes is psepacate atagtamyuieantially
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of this isméhivhe®a@bmYB@ deScribtidfBibdn BB aff inglrRed GRIMRRICEE I thy pi cal

nmedi a data and can therefore be transmtted quickly and easily. The common
body of nedioastrustasyiSuglynediadeseriniions pan beggreased by medianralygermedilesD- ROM or

DVD; the,c i i . DVD can share their
pr oduct iei(())ng gyﬁ%?%&%ﬁ%ﬁgﬁe?t%(g%lhggy%g%s emai | attachnents. . WO
02/ 052565 PCT/ S0/ 00197 15 The process of automatic construction will now
be described, in detail wt re_ferencF to fi(%s‘ 2 to 8 5 Video Editing
Exanpl e Fi d-koVish al&e\f'fgﬁplpléga 1s @eqrplete reRraRpatP Rt tBef95mt ofShoRiieti on i s
created fr i i Zelal W ££Hé Lon
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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 the fly” as she/he views it. In another example, a community of

25 people can first ac-quire copies of a common body of input material and associated
pre-created 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. .



sel ective inclusion, sequencing, transformati on and conbi nation. (This
figure is a purely visual exanple, not show ng audio.) In traditional

| i near amdonwos2bésnear editing 10 these processes are wel | PRTVSGOD/@mey appl i ed
manual | y. The main purpose of the current invention is to automate them
fully or partially. Before describing howthe invention achieves such
automation, it is useful to consider soh® of the exanples illustrated in
fig. 2. 15 - Segnmentation. Two pieces of input video [201, 202] such as
digital video files are segnented to produce five "source" segnents, sSegl
to sSeg5 [211, 212, 213, 214, 215]. One of these, sSeg5 [215] is a segneht
consi sting Dhe ﬁro&és@gf @utBh&ﬂ"@constr@@tﬁcﬁﬁkliH‘/ﬁ)w BELLLSHI 1n-[1|3%11f\kf1‘t’1?re?&h'ﬁc%e
segnents [211 - 215] are included in the 20 output video production while
the remai ni digta? épidal fromthe input video is not used. A single inage,
slmage 1 [216] is also included. - Sequencing. In this exanple, the order
of the segnents conprising the output production is not the sane as their
order inst h¥ided/Rditin@Eeample For exanple, in the 25 output production, the
first two segnents frominput video B [211, 214] are interspersed by two
segment s f riBig 2 SRS /vt oxapplein whigh an outppipredustionds eseatedEoryiabutexanpl es

of transf or h%@ gﬁﬂﬁ‘ﬁﬁod Ot];n'e %o s%rucgwgroégsg%q@edsa%%gg §egm5ﬁt?{‘c§ formed to

nonochr onme S CcO orma reserv bt s
| um nosity s{eﬂ@ﬁ}/e icBaga, $e:quérmﬁﬂ§ftnahﬁfednzh)onaﬂdlcﬂgbfriaﬁsﬂﬂ @hietfgeidae. in
which the lum hosity of eglaggls Wi t hi franes i s i ncreased

[221]. sSegPMIPY ims] e, Of"il%a‘i‘ﬂ%hrs} ﬁ‘élppﬂﬁme%‘l dineg-lincay gligngnx jt s
VO 02/ 053568 hb R ROV AT knd®n Bhé FhplR4 rﬁaHﬁQH'y D¥he &Q{F Zo%gl?&e g thel " €2t ing

new i nterpol ated frames between the  original Tranes
subj ect ed t@ureenhimvententis tnastterhate thera fdtyoonattialiy, Beforevlbﬂcuhmgtlsmsﬁhagl e frame
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segnent of filetraed Pl production [224]. Many other such video
transformations are well-known in the art. In addition, text and graphlc
el enents used as overl ays

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, smagel [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? 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



may be transfornmed in various ways: for exanple animted so that they
change position, size, shape, color, etc as tine progresses, possibly in
response wo o2/pse@net ers of nmusi c as descri bed bel ow. (TheBeT/aGcer/iomeli cat ed
on fig. 2 as 10 "Ani Text" [225] and "Ani Graphic" [226].) Text and graphic
el ements may also be faded in [235] and out [236]. Conbination. Fig. 2
also illustrates several ways of conbining the input material. The
transforned segnents dSegl and dSeg2 are concatenated to forma cut or 15

"butt-edit” [230].. Qh segnents are concatenated wth partial_ overl aps,

allowing t heOH%%ab%peaff é&épgwp% fieating B lrrtz@aﬁt e ReRdR | i on

effects well - N f r ¥ ; I tic
Bﬁgﬂe{#{gl {r%%st ['Q%E e Se ﬁ%gl\a}ggfléd & Q%&&eﬁieﬂ{@ﬁh@trm&?&ﬁlaﬁ% A

[ 227] and ani na ] a aid on the video to formthe final
production. 2&n whigh i salgboframe isaiopieddo sévepd]l suaxssiyd framnés tomteatd aafreqgener at ed

by the syste I,t haut Si the jnput paterial: .a black background [228]
o top of “whi B kesitinesh A Conisdsp Risuatbenst ouBriseilp SRR st BRUE i Thong
references r ekt of thelduGud Bidaubtidd [RAUE M otlid) 866h AHEL trARIIRHANENAS
vertical dotted lines projected onto the tineline [240] of the out put

production. Segrieeit-knen imiheerty injedsition éixy endaraphigiclanaimay usséas everkaysi ng

tart tims 200 thifobRah Pkl Pabe ERAR Bk IOLRBFERRIE N £S 11

user makes al posiich,SiRNshapbaalorydic adtimé ptdpesRes) possitss srekgons@epl y and where
to apply them The current, i nventjon ¢reates an qutput_ prqduction

aut omat i cal | y PRRAMSHES Almpsie aﬂ@@?@b@r@??w-sghes%ﬁr& 11"5\‘9*3?(4 %%E-r%%,sesses such as
t hose 02/ 056 R ) CCRAH YA Yelenh uct or

[ 121] iv?)the héggt%xoﬁzté e sys‘?%%zaapr%c]a[ggmg@v\hl c%lrﬁ%r occ%sgg?sﬁltggagsgply and
where to appl pe fddedhin {235 end tne [2¥jderer [ 123] perforns the actual
processing. 5 The Construction Process

- 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 In conventional 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



Fig. 3 shows a central construction principle of the invention.
Construction logic [301] in the constructor takes style information [302]
and nedi avadexen2sgst i ons (descriptions of video and/ or i maBersSGAIBNI7Aand
optionally a nusic description [304]) as input, using 10 information from
both to nmake a set of edit decisions which are stored in the MSG [305] and
whi ch specify the output production. Thé’style information may be
considered a set of preferences, suggestions or requests to the
construction_logic. ..Th y in whi he.construction | ogic agts upon

t hese prefeg%ﬁ@ gcogding dQ%%ﬁOPﬁEwﬁgﬁ lsﬁ?%ﬂﬁigyﬁﬁSYﬂ@”ﬁEﬁﬂ%@@%@%@E tions,
so that thepgpesédtoapptan@iwiRd fo 485 hANWHlSHRRRAST 231 DeiBEdk theON the
style informati on and upon the nature of the input material. Some exanples
of this progdud pigcessingbw be presented in nore detail, starting fromthe
nature of styles. 20 Styles Styles nay be defined by data or logic or sone
m x of the two. For exanple, the style information [302] of fig. 3 could
be a set sof manual | y-defi ned parameters which are inported by the
construction laogic, or they could be a set of paraneters generated by
programmed dhgConssystionPracesss a style class in an object-oriented

pr ogr anm nggr2b;i I | iS4 1 I j | her e
and the fol Fﬁn’g rsmgal“el scttj]g&ég{r%tr}% élfpsrgftcg’tl%ot é?{r?'te}él?% '%)Sga ﬁ¥l>9hrl%tq§/f3?qﬁ
i nf or mat i onin the comstetdr takeastgle\ihfordetson362] antlanedix dewptiptidng (despripi@ss of

manual |y defi.nin set of ues for paraneters,. and t aimof the style
desi gner is 0% Y)‘H?:Or %’él? W 1BFesk @%iﬁr@ﬂp@ﬂnﬁ& ¢ mpsie SescriRBoR %qjirﬁstl%pﬁéﬁé’rgat e

hi gh- qualoi t yhfSKitaBBh FRROEIE td ARRe a IRRF el HAKTBI Wk AFBNLérSd 1 tMJ?; s may be
categorized according to which part of the WO 02/052565 PCT/ S0/ 00197 18

const r uct i o081 askewhich kpseifyftheentputugpdustiansiThe stale infirmgtion way bon to t hat

used above. For xanpl he style informatio f..one enbodi pent .has the
fol I owi ng: gor%sggbeﬁ‘earﬁ%g?f%rﬁf'eb%prcgﬁéy%gegnqns&r ﬁ?ﬂ%g? OO@eFﬂ’ésg@cﬂ?’? g%fc' tH& way in
which the &aj tpwhic gl netrudtidBUbgis aets dpsksepreferdReSEPRBN Gfthe VRIRYs

techni ques for segnentatlon.of video are wel|" known in'the art, such as
segment at i off 444 i» 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 paramete:,rs 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



shots using col or histogramtechni ques, segnentation based upon the sonic
characteristics of the associ ated soundtrack, etc. The segnentation may be
| i near, 3yp@o0r/632565g a set of segnents of equal weight in apPCT/SGod00een st art
to end of 10 '"the input material, or it may be hierarchical, in which the
input material is divided into segnments which contain other segnents in a
hi erarchy of segnent durations. Each si$le specifies which techniques to
use, and specifies paranmeters controlling the segnentation including

t hreshol d val ues (such as . degree of change of col or histogr which is to
be interpr e?oé’égﬁ%tgoél RASTS 18y S\%s‘ilst“?gﬁlﬁl,mlﬁf RARgAHZaReR Wﬁﬁ‘i‘tr’r\%ﬁqag%ﬁ’ﬁe% r
l'engths, m giAMYR, ARG iHormARMBIVNE eb®olBnchPRA the &flowghe- | n addition to
t hese paraneters controlling the segnentation of the input video or input
soundtrack there is a paraneter controlling the preferred segnent duration

- i.e. the prefes ation of th segment.s whj are to conpr,ise the
out put productio ng.e%%heigl{s%?}(’) REF 8T %rﬁ h 23’ ﬁbmg%rtﬂr% Ed'ilersia agfc)cg é*be'v,%w ‘i%’?fﬁng Flieant
charactesistic OanﬁMdW@ﬁﬂput@b@miﬁbk il be s&héftdd. Mank Redhuijuedfdpar amet er s”.
These are a set of parameters which control the selection of elenents of

the input materisfemestptian f vidagyarervell lgrown indbe art,sueh e ssemspiakion inek,

sel ect ed i mages, i iL.L D i gggé I S .he used at
di fferent point szlfbﬁt]s 1155% %@&ﬁtg%ﬁﬁh@l n.s’o%eﬁ%[%%rgﬁ?%%sé# ’ﬁﬁ%ﬁlnﬁxe:sﬁ?@

enbodi ment they eliaeacteriséits affthé assgeihted abuelratigretdrEliesegsntaiigi mag bencl udi ng
brightness (average lum.posity of video or i e). and preferred activity

| evel (average E’g‘ia&ISpFﬁi |“%ﬁ1a%qtozf/?‘?¥é‘3ﬂ“?5 qgﬁquaﬁ’g?Ig@%ééﬁFé?ﬁlﬁartatﬁfn@Pft he

Ki nds ofyy descr i #eQfsut FRRddpn Iﬁ%py EHRABEAL i SthS i m2eSGl {spt i on
Corrponenltos") 30 canﬁllge uggd.?% 2/%%18565 %&ﬁ@%ﬁi@g 19 i-%H'SSequenci ng

rul es". Each st ydizidedéuntosegmsenthwhishyontaingthatsegmente iica higrarshytaf segmettand| ed.
For exanple, a parapeter.can eci f et.her, the elenents of.the input
material conpristHg" e %?f%ﬁf}'ﬁgfﬁ%ﬁ%’é%ﬂl tﬁ?@“ﬂ‘ﬁsﬁ%u?hﬁ%@Weg@&&emi ally
El _nt f, arrte order aparbfeirsAattblling thdRgindRtatioMBicRIdid thresRABvaREH QLR &d | Y

wi t hou

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 the
segmentation of the input 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.



5 regard to their sequence in the input material) or partly-sequentially
(for exanple, within a certain distance of a tinme | ocation which noves
sequent i avody2/028¢50ugh the material, thus preserving the opChlaal/oisgquence
at a macroscopic scale but allow ng non-sequential selection at smaller
scales). 10 - "Transformation paraneters”. These specify a set of
transformations to be wused in each styl%, and specify rules for which

ki nds of transformation are to be applied at different points in the

t put duct F . t f
par L cul ar type OFORTEEIR I e e D Hreises 7 W M BR STentng it Bbss,

radi us, duratiorman@led, F@Pé‘xﬁnp‘l@ta patanhididr@ain RBciSRAkdthef tNOQBmERE 8F thdS f 1 ash
is to be applied, such as "in every fourth segnent of the output

production, but lanllltynﬁltﬁrlal lfemprisg Shermuput ipeodustion ateds he ehdsen seqrutgadlys | Cs

and the brlght rrent segment . i s be ow

Transformation rtgrg%éﬁ)r%?rg 128 H C§Bre1 g?/mpﬁgm\%}%}g )1 1?10'\/&?% lta&’(?w’gﬁ?]‘tgraphi C
el enmentssare to rogard s mm@q@nwm theidpat fdterial) Or peitlykeghditially gl dynami c
val ues for position, SI ze, 20 shape, color, etc. - "Conbination

par anet ers" . Theemdlse #iithin 2 ﬁ@%@ls‘iﬁﬂcm actime lasation whish maves ssqupuiiallvat er i al
(and materi al QG[HIE‘J %Cu : tehgle }ﬁl)fﬁ}egggz lifie Bﬁ%lplglhs%alﬂg‘}%c?%ga macg{osco%é‘gnpl e the

types of transition |ssb velr W pe 0 Uus en an what
sequence to use sealelbut ylpeying hen-dequehiideleétido @rsiatlegealespwhen and for how
| ong to generate bl ank backgrounds, when to overlay text/graphics elenents
and what type of material they nay be overlaid on top of (for exanple, to

avoi d ovgr | ayl nghlisk&intafih ARl 'Tﬁ&s%rshgélf}pi s oF B AGRRHBROYSH2 Certain

value), etc. 30 The precise choice of paraneters and their values is both
hi ghl y dependentusedirceacheiye, and epasily rulas foy véuddj Idods ofetranifoemamme(bcﬁ

EeLAMENR N T NI NS W o 2 SN e
parameters may specify a particular type of flash effect to be used in terms of
its brightness, radius, duration, etc, 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 the
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

E

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



successful ly, the denographics and preferences of target users of the
system and other such factors. 5 Generating Variety in Edit Decisions In
order towoernv®s@n interesting production, it is usually PeTscsm0YI1 O

i ntroduce sonme variation in the edit decisions through the course of a
production. For exanple, in nost cases it is desirable to vary the
preferred segnent duration introduced @&ove. A production consisting of
segnents of identical |ength would quickly becone tedious, 10 so the
duration of segnments pust be varied to create g satisfying "edit rhythni.
I'n one enmbd#sipesbch asthetyne and range of inpytmateial wiieh m%t%s‘oﬂaqn%@ed in several
ways whi ch | i I .00 y ionsy and
sub-stylesﬁya%ﬁgggﬁyﬁﬁ%n%%% &%??%ﬁpﬁg%gggﬁggk#ggtgéégfggr'g%h% sections,
each of whiotherisschafastogned a di fferent sub-style. These sub-styles are used
in a certain order, the sub-style sequence, in which sub-styles my
optionally be repeated. Each sub-style contains values for sone or all of

the styie (akalRb $adielydABIRDIRAFhE for generating style information). For
exanple 2 I'S Scheme makes Tt possible to specify a style which defines
t hree sect iloogder ko ¢rhae awirperestprgariadudtion, it isrusudllyctecedseryftoisfrodiee s9ron
conprises | ong.segnent of . | ow brightness, .wth few special effects,
concat enat €§* 1(%%1%2%0 lmes?%qr\?gmopgléﬁ?icﬂ%ﬁgfangugté%????rse)e%qlplghmconpri ses
short segnmefés casef ithd @Rirkible {49386 prefiriel se@ndht dLCiba inteddueed shovbut - edi t ed
together with sharp cuts, and the third 25 section has the sane .

char act er i $redustion censisting pk segmenisfidentisgldength wieuld quickly begoses t8digas.bl e t o
speci fy,gr Q@Q?ﬁ% nRAY #s. For
exanple}@iﬁgggggﬁo ee%@%mggﬁ$$%§%?%g&og%@%?%ﬁég%#gtE@ﬁp evi ous exanpl e,
there can be a slow evolution fromthe 30 characteristics of the first
sub-style to the second sub-style. In this exanple it. is also ssible to
have two clB&RF§N Bedimsaty TR pRddnditiadiRe Kty Héﬂg??éieérlg SRR 27755

PCT/ SQ00/ 0Q1Q7be wild SR8 caRbHRTidy at the sub-style transition, yet allow
a small nunbéer of

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, andA 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



paranmeters to vary gradually during the course of the output production. -
"Stochastic generation". Limted randomvariations are introduced at the

| evel 5 vob omeebessegnent of the output video, providing tPReT/sGoBiNUCt Or
with some variation in paraneter values for each segnent. For exanple a
sub-style may specify that preferred segnent duration is to be assigned a
random val ue between 1 S and 2S using &lnormal distribution with standard
deviation of 0.255. In this case, each tinme the constructor requests a
value fromthe s 0 style t he sg lied value will be different, but wll
al ways |ie bet weg]gmtgﬁg apruptly 4 thesgbis }flri’frénsmon' vai allovwey gnalknumbmefe al so

operate at the 'Ex%lnegé;rsﬁ) e@gan tdh ?091'1’§epolfttheéfdtgg%r&(gl%ﬁgnpar anet er

is assigned a series ues are I'h"a repeating
sequence. For exanple in a particul ar sub style, preferred segnent duration
m ght have a seqy, al ues Wher ever this

nds)
sub-styl e used, ﬁtgclbqiﬁ%g?rﬁagwaf {"r’i’éﬂeéie‘@ﬂiﬂé‘ 35414%1051; arednirediced gt thairvel on
will cyclse 4, 2, ofeach segmerd of the o%tpt@ vidkb C;]n:ro@ﬁﬁ{geché @&Q{rpﬁtoi 9/&}1 gb%&er ent

par anmet ers may be the sane or different. For exanple bel ow, 20
segnent target bwargqimegpa@me’@r M@hl@ﬂstDeabegmdm kF ametatnplegghdubistyle neayl engt h

of 2), segnent dtranS|t| veacclele h of 3,
every 4th segmag#' &gt ¢ %erdﬁg%W%t %ﬁ?&% %?ﬁ'@n‘é aFandgpyalies ment
includes a flas hbete;reéms aan@ugngmbhnmﬁétﬁbﬁhdMMch Sandard 8R8atonyery 24th

segnent. This crﬁ g variety, yet introduces a cyclic quality into the
edit rhythm of tRe&>8ulipthis ease, saddtiimme thaeo nRfERRfoneQuasiss: walud fromthensbi ce this

explicitly - it on ansgbl@néldma lmll‘bet%ﬁ'ffe Bﬁte\?tll %w%;{sq l{eﬁrgg{ltg? %ect to

stochastic variatt e percel ved y of the
production in soamd 2a&mdts. This is particularly true when t he out put
production is a nusic-based production as described bel ow. 30 WO 02/ 052565
PCT/ SG00/ 00197 22 Cycle 1 23 456 7 8 9 10 11 12

- "Value cycles". These also operate 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



Length Target Brightness 2 Dark Bright Dark Bright Dark Bright Dark Bright
Dark Bright Dark Bright Duration (s) 3422 422422422 Transition
3 Cut Cutw@nyei2s€dut Cut Diss, Cut Cut Diss. Cut Cut Diss.PCTg@e/@ed70r or 4
MCCCMCCCMCCC Mnochrone? Flash effect? 8 No No No No No No No
Yes No No No No Tine - 4 4 4 4 Table 1 5 Selection of Elenents of the

| nput Material to Construct the Qutpuf2production A central function of the

constructor is to select and sequence the el enents of the input nmaterial
(such as—segments of video nusic or soundtrack _selected inmages _or

regions| within i {of Vi te i rarfes) whi én will 1] Borlm® He'lb tﬁhf 12
productifon. This Miengthrjow | be fescyi bed fdr cdses wherle the input |material

i s vi detsghgtheetenents—pt—tpe—ipput 0 jmatgri-ah—+nqueston—are—viteo
segnentg. The process flaak Dbdpel piveOdngt |Sbeekh sat |20a® Gteig@f| pak MTRGRS Dk® | B At ed
and gene®HIMSSSi npl er. |As fesclibed above |(sed "sgquencing rules"), styles
speci fy [\sh@fidi@) the sel emeént sz 0] I NE 4 | NRUT| reat|eri gl 2cqnpar 1|SkEng e ne out put
productinn a t bn C!'ncn'\ caonuankt i alll v non egy pfi"||\l or

r o 18

A—are—t oseh-—seguent-iakl Rop1 ential o) ,
partly- SSBORIEi alll y % rdnit hei hpat | Tatlers al T The” o ot dse df 5 el Tl PRy
el ementgtwé the ijnput raterial|invplves a |nunjer gf cqnpl exities which wll
now be [gREIA el Wit T TR eTenres to e [SeAUETE Tjatc gage [amd [acngngsegeent i al
case. Varjants o t hege cases| such as pdartl y-seduent|i al |case¢s, ¢an be
achi eved M88MB™ Ini x of| the tethniques| described ijn tHe fqllowing] 20 WO
02/ 05256 F1aéMefiéc00/ B0197/No P3N0 Segnembd [Sab eictie gniho A Beduant|i &l [Gase¢ No

Time > > > > >

Table 1

5 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
10 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-

15 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.
20



Fig. 4 shows a commpn sequential case in which there is a single contiguous
pi ece of input video [401]. The input video has duration D;, significantly
| onger t ve@or/bseut put production [402], which is of durpR€T/8Goddw197The
ratio of input to output durations is RRo =5 Di / Do. The input video has
been divided into segnents such as shots, labeled 11- 18 in this figure.
The constructor builds the output prodd#étion segnment by segment. In this
exanple, it has already built 6 segnents, Ol to 06 and is about to build

t he next segren Sengﬁs-el e§et 0 pnew segnent the constructor follows the
flowchart 7 9. | now be described with reference to
both fi gs.Fid. 48kbws a dhEnEOSFLEME Bdselih itichOBES id £§n%1te%bﬁtiéddﬁ_§pieﬁe bhe out put
production [501] for the new segnent [403], labeled to in Fig. 4. It then

gets a setinpgt 'y Herkherieppiividea hep dutatien ReysigniBeandly denger thagthexyny e from
the style | trh @ i r i nt i dopand data
about of § R PARAERTHOIL whiPh 4P lsiDo P RS o ERETR byl BB O R o7 e
[503] to pbodgcelle ihputyddeodrnybest didided inito Segidenfskdéh af shotd, ebeleddehitinwhi ch
isto be %@%@n fromthe input video, allowing for two things: 20 - If
there are t4%ppi ng transitions such as dissolves before and/or after the
segnent, the duration of these nust be included in the target segnent
duration dT. - If the effects to be applied involve any speed change, the
dur at i on hhse ¢omstpect@buildsthedutfad prasiuatipl segniehit hyhsegoehpuin tbisgranplejis t o be

| ayed at doubl . the t ment jon dT has t ice th
uraton oSSARESIRBEE seltfunCia 0o SFE efondt bald BF néfnensic dioelslt o f e
ti in the 4 AbkbegrhdhethedbnRictR followd dhk fRWRRAL 1rpﬁ)%<.i5r.‘gfhefp9(50€§s #il AARbe

segnment [504]. In sequential cases it is generally desirable that the ouput
30 productdeseribed vipressenegtie bgth figse4andift h respect to the input video, and
to achieve this the input video segnent should ideally be taken froma

time location calculated as follows: W 02/052565 PCT/ S&0/00197 24 t; =

R10 * to 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 dy [404] for the segment which is to

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

20 - Ifthere 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:



In other words the relative position in the input and output videos should
be the sane. 5 The constructor checks whether there is a subsegnent of the
segnent avov2/03késch is |ong enough to formthe new segnmeP€CT/SGIV/@19Mhi ch i s
at least dT in duration [505]. In addition to having duration >= dT, the
choi ce of subsegnent is subject to two constraints: 10 - It should not
cross a segnent boundary in the input ¢t deo. For exanple, if the input

vi deo has been segnented into shots, it is undesirable to cross a segnent
boundary because doing so will introduce an unintended cut into the output
production. Al so shot boundaries in raw video material are often not clean
cuts; for exanple there tpaRg,be,a few bad frames as a cancorder
re-synchroni zes after 15 being re-started, making it undesirable to use
material that crosses a shot boundary. Referring to fig. 4, the question

i s whet her f t segment
15 [ 405] Jg%gﬁrﬁéggﬁggﬁg&“% ﬁ%%@?g%ﬂggﬁnce ?h&?ﬂpgd&g%?gggtP&miggﬁbnt|a
case, ofitput material is almays presented in the 20 sane tlne order as it
appears | the in y hot epeat Thus in order
subsegnent (The g opans ré@?éﬁ %g{a et s grbyegaianhol e segrepnt Wh@hw@ag vi deo
which i's Iabfgh &%ﬁn%@ﬂév@é&%hﬁénﬁ—ei EGhch [Ft Rlab@in -(liﬂleatléff' @E inoﬂdﬁldﬁay
optionally search backwards Tromt; but 1t nust onl as the
end of t He hpvisgidowatioy >erglrdthaeheicé af subgepmiesit isssuhjstt mhwmo:esupints:l t | y infig.
5.) 25 If such a piece cannot be found within the input segnent at tl1l, the
constructor searches forward [506]into |ater segnents | ooking for a
segmentio whi ch i18sHOAMWInGRP6EI A ségtém bb@itary #rthe Toput A6V Bér dxARIHR, ifSh&0 POI Nt
searching too far forward: selecting a segnent far ahead of t he current

|l ocation in t hénpmmemhaaééewaméntﬁg@ntalshqfsv it istuadesirabledn £ross os4gmeBo

sequential . t top
searching is g|b\§/’§iﬁ5%91b§%gﬁl%€‘g %u(f gVﬂ &%Séfﬂé%oegl ﬁ%[gg&(dfcﬁ)ﬂ&@ ﬁ])Q §02/ 052565
PCT/ S0/ 00197 preduckibnt Adsocshosboundaries ih ravd sidao segsrtib hre@ftes wbseedarediits;f r om
t he above, it then chqQoses a pL ? )
or example t ere may ew 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 t;and the end of input segment I5s [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 subsegment 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 constructor 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 tisop = Rio * (to + do).



of duration dT fromwithin it [507] to use as the output segnent. The
choice of this piece can be sinple: it may, for exanple, sinply choose the
first pamoot/o2b& subsegnment. O it be sophisticated, atprenmpGim@ito find a
pi ece of length dT which neets other criteria, 5 for exanple by matching
descriptor target values (using simlar principles to those described
bel ow for a non-sequential case) or by 2§el ecting pieces which are estinated
to be nore interesting or superior in quality to the surrounding materi al
(al so see below); this is nost useful when the segnents of input video are

si gni fi canktBe qoastgusiordiiuls aspementay sebsegment frame therbavie, it/thele shoosescmpinem
situation. th i e fi I l.e ment from
ei t her of ?%‘g"%{%\%%"glgg’?%@c L§SU,7] ?(fugrérel‘? gri?eosutt tgé oenlgt r%lgl% trclﬁglf %%ft?x%n out put
segnment shpiadectandt sinapie:dt mag, fos expmmpie, shoplydascaseithe filke par pfithe vuskegmamtd

bui |l ds an qQuf put segnent of duratiqn_ dT.from two, or nore L

segment s/ s§b§ g@ ﬁ%’i‘t‘glcé?at Hempipg o %‘P‘él adiecs oplengthslryduchomectsathereriteia, A

Non- Seqyenfgr @kanfie ' SRR j .. : t he steps
are the 52%% as in8¥hgmg%ﬁugﬁgﬁgﬁﬁ casgmﬁhgﬁagg§g$%%éﬁﬁ&%%82§ﬂ?%ethe above,
t he Const rdestrdredfbelost fog@tmontseguagitial das¢)ianbyiselettive miedes whigh ard estirhaied foor t he
new segnment [601 | and then getss a set of paraneters required far the new
segnment , P%er OELANT ?ro%p?ﬁ%r lgtqyﬁlitylt%%rsﬁﬂf’?lgﬁ?g PRt E{Jﬂ:‘r‘@ h fc’iP‘é( ui red
segment  dughatik Bidsi@efil hhel Metseghieis of fdpatiide@d sidrdficdntly ABRgdr @RRlthe I N thi s
non-sequential case, it also gets a set of 25 target descriptor values from

the styl e seAMSRiTRf therpufs3ideo; a corpmpn sigyagien. segnents which match this set
of valyges. The duration then has to be adjusted to produce a target segnent
duration dT for the segnment which is to be taken fromthe input video

[ 604] , al | Whe@nitauctdrriansdtlé alndashitaBR sspaed fenabiges of theddbovsame way as

descri bed above, for % sequenti al, case. WD 02/ 052565 PCT/ SG00/ 00197 26
approaches, 1t relaxes the constraint that an output segment should not contain a

segment boundary in the input video and builds an output segment of duration dt 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.



The next step [605] is to find a set of candidate segnents or subsegnents
of the input video. These are segnents which are at |east dT in duration.
They may ved szod2aese to satisfy other criteria. For exanpl eCT/aGodwugh sone
re-use of material may be permitted in certain non-sequential cases
(unlike a strictly sequential case) it is generally desirable 5 to limt
the nunber of tinmes the sane naterial agpears in the output production.
This can be achi eved by keepi ng a count of how often each part of the

input video has been used, in which case a candidate (sub)segnent is any
cont i guousthsanext siep 03] isge &ind a geeaficandiflate segmaniLer syhsegnieals af g inpits been
used !essdl AN FAE fpx| ahi sg?»fu%hta}e C!lQa‘APE’Tg{n Qauo}]; ‘fﬁg%%%g AP e hpast dT in

dur ati on. [ f""NO Suc segnen can ASUrUCEOr rel axes

a const r aisatisty ofte crfmezjarrﬁbxeexam?ld aglﬁd&h&eﬂmemse%f m@tsﬁalabwl&/ pdgimtlf@ly bui | ?
an output ,segment of duration dT  fr two or nore ment s/ subsegnents o
the i nput 1Peran nmé%q@ﬁwﬁaﬁeﬁ (‘fql’é‘ﬁ raétl)“:ﬂi’?eq‘l*?éltléiﬁ%@rlg’étgélaerﬁltlﬁé ﬁesgr@b@

descri P{ Ol Yl?rht‘tg% ék]!fﬂ%g? (Hﬁﬁn etht dﬁ?garg At E%ﬁ it ro@lﬁ&ﬁind althg

(sub) segnent s nd eva uates a distance In esc |pPor space bet ween
each of thesbe adndvaddiydceppmgasoamtcbfhbw dftengeth persf thp input vmlbau bss bEa7] .

(This proces further d bel ow, and shown in ed formin
g 7] MR i G e D Seaat & e ORSA S BEE OLB Gl seemen

cor r espongyeg ?uttrhaeﬁmﬁat%a; BecRQsBd 1esBan ARSmANSUS RrmBEdd Rihud Fance from
the target poin 608] and uses it in the output production [609].
Selectlngt@@@ﬁ@dﬂ%mﬁﬁmP@DNthﬁymin Descri ptor Space As mentioned above,

t here gf a need to select a best-match (sub)segnent froma set of

candi date (sub)segnments. The best match is the (sub)segnment which lies

cl osest t af hbguchAbulpdgnitht tart@ebund thiecostiudthe relgles arcodtRiintsgace” (an

n- di mensi onal space in which_ each of n descriptors is represented) - i.e.
for whi ch eXa@pky aniedbertequential prse abeye. ftHaaspuihanguipit seqreens oifwaties dyef i ned

by the t t
Y e, 285 bR OB kY LTI Otk B RORGHRLE) POT 1
smal  est. WD 02/ 052565 PCT/ S&0/ 00197 27 Although sinple in principle,

t here are everal issyes to.consjider in_thi
ﬁl C? nstructor then gets desc{r}ptor values from the meala cfesc%phon for these

"candidate" (sub)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.



process. They will be described with reference to Fig. 7. This description
concerns cases where the input material is video, but the principles apply
to ot her wedtes2s& 1. To ensure that the distance cal cul at POIVSGI/@397T esul t s
whi ch correspond well to human expectations, it is inportant that al
descriptors use a perceptual scale [701]. This is a scale in which a given
difference in the descriptor value acébrding to the scale is experienced
by a user as a given difference in the perceived value, regardl ess of the
position w.thin the overall .descriptor range. 10 In npbsi.cases this can be
B ppr oxi mat JirOHEh SHIPIE BERr Rl e 8t 8 SRS 0 Consighrn s TACIRE dorer al
descri pt ofpsoddBy They kwill 8k HEREBEd withrdfereléd 1o BIEIY, Phib HeycAPtiod &Mggss For
exanpl e segnent duration may be in seconds ranging fromO to 30 while

anot her  FB8sedadierd the dppul seaterial sscades, butdhe prinaplepapply Twotbetamedie. this from
affecting the distance calcul ation, we nust nornalize the units to a comon
scale such as 0 to 1. Such "unit normalization" [702] can be done using a
strai ghs f or war d'd énse@rthattthedisfaféed@ldulitiod wives assultd vhich corfe¥pondXwaliny /  (Xmax
- xmn) where:; - X is a value in native (not unit-normalized) units, -
xmin is the m AURAMCFBFCRIONS histimpertayithad a gescripiry ujess pereePREX FGlfm val ue in
native units 1 6k 4e . i L= I L ) is desirable
that the systelzéﬂb3§ﬁ3%€%§%%§%§%?}%E%%?§§§%%ﬁ?§ﬁﬁm$%?5§ﬁ§‘%P%d of input

vi deo mat eri al apcadinged thpyscaleuserperivncetl byta w@exyascogistr diffetence iiths t he 30
system has no control over the spread of .the.descriptor val.ues in the video
description. FEFrEREfYREE, {?Sﬁ@ieag?fe © posifion Wﬂﬁm tgﬁogergléfie%flpﬁéga@lgF'pt ors
extractpd WO 034Q52b6RPEN SEH/BHEnatdBoPieaiiBh D BGUE phjsital ar val ues
for all but one of the segnents Of the input video material. In other
words, all but poererpf the points representing the segnents are

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 0 to
1. Such "unit normalization" [702] can be done using a straightforward linear

transformation such as: \,
20 X' = (x - xmin) / (xmax - xmin)

where:
- xis avalue 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 descriptor values in the video

description. For example, consider a case in which a set of descriptors extracted



clustered together in a small part of the descriptor space, and the
remaining point is far away. In this case it is possible that the single

i sol at ed wobnos2s&s t he closest 5 point to all the target par/ges/@iovi ded by
the style information. If a sinple distance neasure were used, it would

|l ead to this segnent being chosen every tinme, potentially resulting in an
out put production which consists of thedsame segnent repeated a great nany
times - clearly not an acceptable result. 10 One approach to solving this

problemis to | oj t.variati.on in the tract descriptors in qQrder to
create vari et yel%()ﬁanta"?'éls f)ﬁ‘fmg’ir galyes g’&éﬁ%\‘/}h‘é‘?‘? "ce%ﬁ]ée SegPieats kb nUlSHERO . Thi s
can be achi evedmbyrialdils bfhePWot@Nall B Blel o e [Rints [f%@é)s]sﬁtiﬂg fﬁﬁ sedrhdMe@drk Y

scaling and shifting the values of the descriptors for each point so that
such cl ust eri ngcligered tagiethar inch small pattiefttie dassriptor spdcezandtthe ratiagning point on, we

15 apply a form h .the tollow,ng,tp,each descriptor.in turn: X, _
(O 2 67" T g s 8 G b RP oot it 5080 Bofi P BifEbn

nornal i zation poimoth alltthetargenalaés rogided Byithewdlé 8Fformations If Den@payi ati on* of
the input values - m is the nmean of the desired (output) distribution - s’

is the deviati ofistapse mepsuigensre useds Burpild Jead tasthis ssamentrbeimschossa eviesy t he
value in distrigphtigns ;mael - uni * Le this,C be t he
standard devi at“f&gﬁpg%np ﬁﬁ as{élflgl éﬁjgﬁeé‘?tgﬁdgﬁé ﬁéﬂ%%l %Onﬁiéﬁ&%ﬂ%etsgmesti cal
definitions). Teemshtanpatad deeatahamntines geloatehdtyn acespsdbtersedtt o be nore
accurate in nost cases, while the average deviation can be 30 cal cul ated
nore qui ckly. WO 02/ 052565 PCT/ S&0/ 00197 29 Distribution normalization

can be ;gppl i ed Of KipkbiRh tOLo1iMB HRYSbIG ié\l‘areggllog%%riﬁ@&d"inttﬁg ekl -
descriptor values fromthe video description an t he set o? target val ues
fromthe styl e dasériptonsin ordesty arbate vatiasy ircthafootpat vide@ 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'" / s) + m'
where:
20 - x isavalue before distribution normalization

- m is the mean of the input values

s 1is 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.



5 common, standardized distribution - i.e. fixed values for m and s’
(Another way to do this, identical in end-result, is to adjust one set of
val ues 3000l@R2563t has the same distribution as the otherPdT/REGodNwIImEI | ze
just one set of values - for exanple just the values fromthe video 10
description - to a conmmon, standardized distribution. In this case the

di stribution of each set will not neces€arily be the same. These two
approaches may be used in different cases. Each has advantages and

di sadvant ages d . be supported i.n dif.ferent styles. The advantage of a)
is 15 that itaﬁgﬁg@%namﬁgﬁ%‘?fhﬁél%ﬁeﬁ% } ftc“ﬁh%‘ééwf)%ayai stributions "lie
on top of each other". Its disadvantage is that it discards any deliberate

gl obal bias of the mean of the values in a style; in fact it becones
i mpossi bl e to bYadNarmelizahath dfe sgt eftdeseriptornvedued Srom thiaeideexiesaiption Eod

exanple, if we cr i igh all .target v of brightness are
hi gh, then optiona é%\;mgﬁ%}%lkg%{é%ﬁlﬂg%e 53¥18f%$, %Lynfs(g?flaggﬁegrcioaﬁ?mgtg&mms,

gi ving she sanme brcbiitdndathidabdixedsistfibi@sh Di aspedsatue®forial 4R . Conversely
the advantage of b) is that it can preserve such biases, and its

di sadvant age is t lAnother weytorflerthigi identiosl inendrgsulh éstosdjustoeesséinalyessi nce
the two distribut] . "lie.on. top.of gach other". (On the other
hand, since the E{)%ﬁtﬁﬁﬂé;&lg d\ﬁ/sgrﬂ%{g%)% fgéhr?]%tﬁeéSStyl e Information is under
control of the 25 system designer, they can probably be nade simlar
manual | y. But t%rray_no,t be ea%y jn all cases.) 4. After_ applying

di stribution noPhalqrpalieist ogg setiokvalues—derexample instyhe walpesdinm theavideo gi ven
range. jJo facilit gbgrihen ditsh abGRonad: L NgikidibhSod : ssary to 30
di scard such outli eréfpornt o} Erl ng Otheﬁabag%ﬁéyval%t 1}3{#]1?%1{"\5/[%612&[11#%@?@@[ 704]. WO
02/ 052565 PCT/ SQ@isdithgion o30adh. seSeitbnatewcessqpilpbs therspmiee nor e si gni fi cant
than others in determning perceived simlarity. It is desirable to weight
descriptors accordi ngly. It is also desirable to allow certain descriptors
to be ignored i Thé&@Ro aptbadhed may be uSedtif WFereMUasdX TABH BasthdRAlthsSUhar

sub-styl e may sg_em fy target brightness and
isadvantages 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].



segnent duration, but ignore another descriptor such as activity |evel.
This sub- style may have to be used al ongsi de ot her sub-styles which do
speci fy axo0owo2y65 | evel , and the di stance val ues producedPCTsSeeaivigiase nust
be conparable with each other. This can be achieved in the distance

cal cul ati on by addi ng distance 10 only for descriptors which are
"significant", i.e. which are not to bé0ignored. This is equivalent to
saying that, for a descriptor which is not significant, any value is a

perf ect match to the target val ue of ;that descriptor. A distance
cal cul ation whiY9me dasedpior b B Sigmficant theg oficas W degwuiningpereeived pt ors

to be ignored 's?mﬁérbtgfoﬁﬂﬁ\ﬁém%%%l)we%l}'fdmu(é Fcin(l%l?f\/gd - ved |7 2)

Wi) ) 20 whe IS the st ance a‘palr nts (one given, one
candidate) - SOQRT is a square root operation - SUI\/D is the sumover the

set of significant crl tor excluydin 25 the ones to be ignored)
- Vgd is the v;[?{fél Wrdesiablgie ﬁlq(i*é%’faﬂrb@eéprum 19 DG iigRATeh; . bujagt @lg t he

val ue of the d'dabesdp&CdxaRt] aHic@alCB &t ¢ { ng
operation Wi is thse wel Sﬁtp%][%fr) cigscrl p%o}?@gﬁy%g %\% 0 /eogr é%g%%%d/ SQ00/ 00197

31 6. The candis¢gmentsiuation; byt ignora asetberatesaipter sich aga@i‘vwn@et hHbiseswthi ch |ie

closest to the_tar 0 arellstedln h ord of the mtyto
the target pointy 1F ?g’é’]hae klgl?é e Alongids Ribe ?érr%’ 888' ér’fotf@amé'ba&}@
reference to FilgvelGardithé als@ﬂbe/vala@gﬂmw it €ach RS Hudtbe comparkBleGYifhS est

mat ch. However, to support manual t ouch-up as descri bed el sewhere in this

docunent, it i §aelé§th|ealeéls cen bagchigyed ilrsithe@hstangp caleniation by addieg disteacs egnent s
or der eq, b y pr °an”§: kot ‘descriptors which are “significant”, i.e. which are not to be ignored.

This is equivalent to saying that, for a descriptor which is not significant, any

value is a perfect match to the target value of that descriptor.

A distance calculation which takes into account weighting and allows

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

D = SQRT (SUMp( (|Vga — Veal ~ 2) * wq))

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

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

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

- wqis the weight for descriptor d

30



The above describes direct matching of descriptors in which the types of
descriptor in the Style Information are identical to the types of

descri pt wobno2h& nedi a description: 10 for exanple a brpPghBGes®197
descriptor in the Style Information is matched to a brightness descri ptor
in the nedia description. It is also pg;si ble 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 nedia description via a mathemati cal

or algorithmgc it i I i s (YRT: | j ght have
o " Peopl cEnergy  dondents Bulinglor sSURLPE il Sf e s B AT A0S €
Log(Activity) +hOtatget pPat,sonistebabthk otder ohther ptokimity it the taigetrpaimtd306]e of

the total average ement in a video segnent. and "PersonProbability” is a
nmeasure of thealﬁ?tﬁﬁ% an@aefﬂaleletdﬁ%{r@é@ﬁﬁ © idfhte ?rﬁ%ceitﬂgg%rsy_albﬁon at | east
one person (forneeas@,ﬁplt@s&@mgle%i@g aogﬁ{&atcﬁem%w&n;@é@%ﬁhﬁmﬁ | - known
in the art). Such descriptors, defined by a mathemafical or algorithmc

mani pul &tion dppth-enlas desented@lsenbers iothis doctwsmt,iipis desirabetp Hawe o distafd
"derived descriptors”. 1t..1s sonmetjnes effective.to define target values in
the style inf orfﬁ%fr%aglﬁe Far?dfdgfen%egwntslféﬁemégyB’é’lxml@ﬁ descriptors, because
this allows the use of "higher-level" descriptors which are closer to the
ki nd of semantical |l y-peani ngful descriptors understood easily by human

bei ngs. | nthafboxedessribssissrmatchingf descripirpinguhirl theispasidesrrintar i ar get

val ues for : L8 v A VL WS : . L1y would be
extracted tggz/gg{%g)inng ggéla}g;?éﬁg:]@ ﬁ@ﬁgglt p%?ﬁa\}g(gl g&f@%ﬂ?@%ﬁ%ﬁeygf?{ﬁg“” ptors
are used, fohexanmpist brightoessldogpiriptaradn tixe$tglel Iafeemwuiddrnigsndtdredtiba beighineed

descriptors by applying.mathematical. or alggrithmc ni pul ation ta the
| oner | eve es?l%ﬁ’t@g‘?‘é%ez@g@gg@sﬁ@@@/ _365’191?0 p%s%‘ Qs gﬁ@gt ’Bﬁtcgﬁg’ inaehigh
descri pti Ofie 8%fUBRRBPRS 1R Hﬁ%@%l'gﬁﬁf&hnﬂﬁ’&rpﬁé Ao Rl ttoré,edi]*c‘f@{_)eﬂﬁs&t off the

derived descriptors. Optimzing t Selection o teria ment i oned
above, t hedesenipions imfheimgsiin desatiptioraviaiasnashereaticalrialgprsbmer retatianshipneFérengt h

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



of the output production and it is therefore desirable in sone cases to
select parts of the input material which are estimated to be nore

i nt er est imgomos2sesperior in quality to the rest of the nmarerkabo/bhds is
related to segnent selection as descri bed above, and it may use sone of
the sane techni ques, but its purpose is sonewhat different: segnent 10
sel ection as descri bed above is primari32y concerned with where parts of the
input nmaterial should be placed in the output production, whereas
optim zing the selection of material is primarily concerned with which
parts of tdeectiniprsto! tha mediadesshptionianskthes perform despiptotmpishingrondbe valogs 15
Present teghRohOaxdRESiHRRL Provide techniques to determ ne the semantic
content of 'video or |n§be§ reliably across all kinds of material using
signal analysis techniques. It is therefore inpossible for an automatic

systemto select t%rfaL exactly as a human video editor would do it.

Furt her mré@ﬁﬁéﬁ%—%ﬂ@é@éﬂecti ve subject: different human editors

woul d sel e i i 0658 (Fibn | i i t he 20
¢l egs m@hﬁér?eﬁ%‘%yé}%eeaﬁ#l]&ﬂnt ol YY) %{g@ﬁ@% oftbn htick ggegtep tan i llélfxgt‘ﬁj

selection of material 1 n such a way 't majority users w udge

it to be mirthe outptiepredudtiog and itdutherdfare desiraplaini soynetoasdsiie selow pageoithet he
input materjial. To .put. .it anothe way, t.h al is automatically to select
mter i al APOHEHE Y EHFh e i DS thare ntnfine oF SRHoC B RS piies of
naterial, felaTtRmdRBRRTAN i$Rlated toSREREASselRlieNad dRBRitdaRbbADYhd itRdyer i al .
25 Here are two exanples of how this may be achieved: 1. Across many ki nds

of cont entusesgme of #ic semsttedhnigies, bbijeBurpeses sphewhit (diffeyenteseginept be
id £ | ' . ial not. . i ning J f | e.
consi gBedseiE%ﬁSn b&&&%@@%&nﬁgvé Eﬁﬁgﬁ@gg@gﬁﬁe&% W@%ﬁ:é”‘r‘e hﬁgoftggﬁﬁﬁﬁgn ggi‘)ﬁgg

30 | mage processing ues i'ng e presence

are wel | reatesisl shouldhe pladed in fheoupaapipldactitsi, Meks optaniziip, thé atetishape, or
body shape. Using .such technigues, it is possible to calculate a .

descri pt orM3ENIHS pEmaESesansernad Wik Wigomised thedmpuapaeea should Bg upsddBabi | ity
that an i nRgE.RL frodf@int of video contains one or nore human beings. -
Material wth hi gh value of this descriptor can then be selected in
preference to

15 Present technology 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



material with a | ow value of the descriptor. 5 2. In "handhel d" video
footage (i.e. video recorded by a canera held in the hands rather than

att ached woozof2s66ed nount such as a tripod) there is tendrarTgGhbmroiusers,
especi ally non-professional users, to nove the canera around until they see
sonet hing of special interest in the viewfinder. In other words, for
handheld material, segnents of the resslting video with | ow canera
novenent tend to be 10 nore interesting than segnents with high canera
movenent. Techni ques for estimating canera novenment are well known in the
art - for expisprlalityebpirndiage obasegmanpofividsd cantainnonewthone ueen beings. Thus it

i's possible tlf vi deo ,mat l. i s handheld (this
can be deterMaElezlgl @ﬁhgﬁg y‘z’alﬁ%ofﬁlés %5&% "¥48 e%%ﬁéf?éﬁ?‘ ip preferpRee t.{Br it can
sinply be i nfatefial Wik apswwhRedf e deb&ipiser i n response 15 to a pronpt) and
then, if it is handheld material, to select portions with | ow canera
novenment. These techniques may be provided as options which a user of the
system an i v Lyvel ed when t he
dter “sel oot s e Fn SR nERot g . yREARIIRHY o A Tg BT LINBE o
exanpl e the taher ttmmiauncltedrtdraélxédmmlnﬂmhas ajtitigsdd) dese ts thattnopsoreerglesi r abl e
in a style intended t roduce out put uctions which are soothing or

"lai d back", *®Et2 PO% ofessional; ysess, E’t‘?ﬂ“@ ’gﬁP@H%Fé@IQ‘@ddWEhE}@Y B¥gh- ener gy,
fast- paced %Mﬁé'o?@ﬁecﬁ%ty%&l%@ﬁ Ecﬁ? ﬁ@tﬂ@r\%@@)foﬁﬁ rﬁﬁ@l' jai ned above,

the MSG is a data Structure produced e constructor conpl etely
represents tm@teh@}r segrienthef tbqtqsuttlngrvmtbaomﬂn}mw damerh i vemastidend toibs 1 el at ed

to the conc an edit decision.li. DL) well in the prior art.
Howevel?t o TRt interSfing el SRGeHs e siRrt Jrofmant deChriatesdPe whi oh he
user interactginwinh caieiatodeantabatéBvell MMdiwnGindhd APL ﬁﬁlexé%leltéchﬁlqhb@ear
structure which does not lend itself well to this kind of WO 02/ 052565

PCT/ SG00/ 001based Brom@ifagimgmotian vagionsBhus it icpassiblasfistle ifentifie thabinpsui t ed to
this kind of ,ma0jppaf{:9Andhdid (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



now be described with reference to Fig. 8 The structure is essentially a
tree in which the output production is the root [801]. Sonme 5 of the

br anches vof 02/6k25¢5r ee are concerned with definitions; thesrCERE@I/GYIT he
properties of certain entities which are used in the output production.
They include a definition for every kind of transformation [802] used in
the Qutput Production (e.g. specifying3fhat a certain flash effect has a
certain brightness, color, radius, duration, etc). They also include

definitions,_f.or, transitjons 03].,sych.as di ssolves, .definitions for text
[804] 10 i“ﬁ%ﬁ%‘&f‘%‘&"a@?%ﬁ&“@%!‘”@ P hefisonasd t?rt?l{f‘rl%’b‘ﬁi) apippiafier Wilos]
i ncl udi ng W Pedeeribal Wil tEsenddab Fid tg. ons for bl ank backgrounds [806], etc.
The MSG al so has one or nore branches for tinelines. Fig. 8 shows one main

timeline [807] and one overlay tinmeline [808] with purposes simlar to the

t ti [i 1 Q. The. i. i i t ai. h

01t he SeomEstbuld Gesschitaty o TR TR SR A ADPRITY S@he vag

f rom el £mftise mbnéhes of theuiee ARt @htérthed 838]deiniond) adak Sp&@ﬂ?&ﬁe{ %@béﬁie@?ﬂf t he
e

system [811%., Tr ansf or,rrgti ons _[812] of those, segmsnt_ s and e transitions
[813] bet VEBRINSRERFHWRICH pregised atthe ortput prodyetions o hey indhederaptefingionrfer er ences

to the tr : i : bt | : i.oned. al he main
i el ne. 30 e o b bR IRR1 A k] Ol R o PEREE vk or
of secti orsrthiBilsh effactthas g oertaits poglthery, ¢adort Feeliusséurafiorg eri) nFhey slsd- st yl e
(see " Creat,in rety. in Edit rameters. " abavg).,. this facilitates
user - sel eéP‘éﬂd‘?‘é‘%@H{}W f8rptéarne§’tt1°6?1 Efq}éz?@il agidissplyes, éegé‘SPP%%’_r tet | Eire
sectiong Qhclhllifig QHInRMEd RKO MO foFgﬁghi'cxéienﬁéh%‘s [B8Sf ih@lﬁdfn%@ﬁlr{;%@d [ 808]
specifies a sequence of overlays by referencing the textua 15] and

gr aphi cal graphégs, definipnsifondlank badgrowntsl[896]i etel udi ng ani mation i nformati on.
The entries for segnents, overlays, etc which conprise the tinelines
contain tine data relating both to the output production, and in sone

cases to tThe MBGuilsdTk®ht 8f moferandh¥aatltBnclings. PigdSShvRURMAN tinelife =~
necessary to specify a_location (such as a start-tine) 30 and a duration in

t he outp u_ﬂ%ﬂ&@é@pp sierlayitimaling|[8¢8 | védrenpeses signilsp éxtbeywo himeboes efFiguch as
a st a&)S t g’re%%r}ﬂ%iglffn?etlfng Qortlink B ehtAPHir A8 & th@begm¥R:Fot 02 R output

PCT/ S@0/ 001
production including segments derived from elements of the input material [810] and

blanks constructed by the system [811]. Transformations [812] of 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.



G aphical User Interface (GUJ) Due to the high degree of automation in the
production process, the invention can in sone cases produce an out put
product i oo ot/0R6&ept abl e qual ity w thout human 5 intervenPCDRGOOT0US], |in
certain enbodi nents of the invention, the GU can be very sinple, or

i ndeed non-existent. An exanple of a very sinple, yet viable GU is shown
in Fig. 9. There are three main user @&®ntrols, such as buttons, for
performng the following functions: 10 1. A control allowi ng the user to
select the input material [901]. For exanple, this can pronpt the user to
give the nanme of one or nore video or image files containing the input

material IGraphithl VeF I¥erfabd @WNY the user to select a style [902]. For
exanple, when this is invoked, the user can be shown a |ist of available

styl es andlys forthe bightdsgrse béautomeatien indhe praduetiongproedss.che taestism dahdn out put

production to be created [903]. For,. ex | e 20 t.his.ca ronpt the user
to give t FES AR SO F iafl% u&%’# B‘iﬂ’dwt}ﬂn O?t’ég?e@tﬁbrlueeq‘ﬁﬁﬁypmtﬁmgPgﬁlﬁgti on. Once
the uses sHRPnEsn! Thes, in te@r@nbddi@eiBbNtHRIAEALSH,1Be (O EheBe v&l the system
- the nedia anal yzer the constructor and the renderer - are 1nvoked in

S
order to cy@Bleeot Me AgBRXisiduct i on. 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 performng the follow ng
f unct i ons: AB6xdmplé of antirycimple] yemviahld GUI issshowhdn §8&). 0 Thefeard thped myuins ual

material [1001]. For _ex l e, .this can progpt the user to give the nane of
one or mrl&ew?%%@fsoﬁu%sgﬁ@@zﬁ%yeﬁm g@?@”ﬁlg ApctioRage files containing
the ingyt material. It can also pronpt for the names of one or nore files

cont ai ni ng graphi cal overlays such as |logos. 2. A control allow ng the user
to sel ect inputAwrosirel qloedwthe Fear tescden it inphtingaterdal [901]. For example, this

can prompt the user to give the name of one or more video or image files

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



5 pronpt the user to give the nane of one or nore sound files containing
recorded nusic. 3. A control allowng the user to add text [1003]. For
exanpl e, wobxox2a65 pronpt the wuser to enter textual inforpar/scom/ameo a
form The text will be overlaid on the 10 output production. Uses of
overlaid text include titles, credits (for people and organizations

i nvol ved in the production), subtitles,6nessages such as explanatory or
advertising nessages, etc. 4. A control allowi ng the user to select or

of avai labl ¢ sigrecien sy bstilBal T e PRmu Rl

previ ous exanploge of thoekefiled Qomaiming @apHid® ov&Blys 6ddh dsdbgsxanpl e be shown a
formcontaining the values of all the paranmeters of t%le style Information

and pronpted to enter or alter the values. 20 5. A control which causes the

out put produsgti 0, - Thi o} u 0 give
t he nanme of §a’ fﬁp P%ﬁt%}]?@%&\fﬁﬁﬁf@gsteggoe&%‘ém%m %ﬂ%@@o@&e I oer)ftaHl 1se’ g]g%%a&]i bed in
t he pre¥ious exanmppiethe Ghareo give thesermesafiplioe ord scunkifllena@meainibd eecordgeidn
processi ng nodul es of the system- the nmedia anal yzers, the constructor
and the render @&"C-are invoked. In this exanple, the visual material is
edited to 25 nusic to in order to create a nusic-based production as
descri bed below, and the nusic replaces or is mxed with the input

soundt rack. The\ cenirol alowipgahhizsato addl textdh@Q3]aFer exuerpleis kai protmpt ireoduce

t he out put production, Th e and .graphics e.animted to,the nusic
as degcer:Jbeg bé]g%rv([/l.o egf?lﬁ)fg ailrﬁlgm?ﬂtlggl O&QQ%ang 'Zeéﬁwl é?‘f?rrla%i%’sﬁ}lﬁg t he |
program [ 1006] .oufit BRIdNEESH SURCHE SEMMPRELACIUAS titlBs, @iddhte foPpedpltear@bove

exanpl es the output production_ can be viewed froman external = program such
a medi a pl ayer .organizafinag inyelvpd int the prduciiomnahtidesy anpssagbesiichiBove can be

suppl enent ed vm'e gaﬁﬁx&ewﬂgeﬁffsﬁg%s s"ertJ ansport control s" well-known in
a

the art, so th e’user can view the out put production fromw thin the
system 5

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 example
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].



I n ot her enbodi nents, the GUI may include additional features for manual
interaction. The notivation for these is that, although the primary

pur pose o¥oovtes2sésvention is to autonmate the editing procREEFSGIT00EENNOL
al ways do this conpletely in every case. Depending on the nature of the
input material and the application in ggesti on, an output 10 production
created fully automatically may not match the user's preferences in every

detail. Thus it may be desirable to support features for manual interaction
such as: .1 S‘r&f‘% @%o'vggx%é%lgé)ﬂlte %wt Hgdﬁct{?gn c‘éb%%% %He%%?nﬁhe user
to sel ect or e select ele eri a u as segrrents of

vi deo, nusprogram shih a maddt plagdse, Adetretiteld, 1hm€ﬂﬁse,lements égscnbead Aol cim berages or

vi deo franes rior t automatj ¢ construction e us identifies
el ements ogﬁlpg’lﬁg‘epﬁﬂd‘fl&r?a‘f%w}%lw‘& gw ag L‘EW?SP%% C%E{f%e‘f’eﬂm%‘?’%m B¢ aftsonhat

sequence  tHemnahfrbeh BRwHREBLH rBB.GRR FEPARIHAE bARR! ocess. For exanpl e,

the user may specify that a particular segnent st be included in the
out put production and nmust be the final shot, 20 that another segnent B is

optional with a c ain I t | (o} end on ot her
fgclt ors t\#ﬁt hté\ i a‘ﬂﬁnﬁg{h@qﬁg I %/ri‘cg € ﬁ%ﬁﬁ’ltéié t??ﬂ“fea ?R}%% mEeradiofiul d be
i ncl uded oMhe/mbfivaBioh For thedeusiat %ﬁﬁoﬁ'@h&he BEfMfy hidp&e otflfmnBeﬂtmntim out put

production, and that a fourth segnent D nust ‘not” be included. This process
of pre- sel asemea thesditing RIgesss tieepnpyt Qlweymlfmhss edetelytin overy chssr  exanpl e, 25

segnent at 'dﬁ%petn ngh Jahd Qe rehel 1nE§t mgtg Bttl!leoe[f)pﬁ geﬂlo% in éﬁggloaﬁlpcguﬁ%\ﬁm

i nput € uSer as a se

convenuentprbamctiohereawﬁe’ally b]ﬁemansalnghsy mnﬁat@umu &s@s@ﬁ@f&tkﬁlcé@ iflegery

I nf ormati on f omthe rre%ﬁa d crlptlons can al so be used .to categorize or
cl uster |n‘§ﬁ3%1 ey it gay; d\ﬁﬁ?’g’ e RrvePoTh Eapiresfer meaval intgraciamsnsh@sa set of

i nput i nmages or input video segnents 30 can be presented to the user in a
set of "bins" each containing a set of inmages which are simlar in sone
respect. The ouskre-sekention df costput. r Elus proa/ﬁdelsentobﬁe;n for slheagpor foztacbor demnual |y by

addi ng or renovi itens from.the bins; /he can 02/ 052565
PCT/ SGD0/ 00197 S°48* SRR BERS PR PTG R af it odboaptee i ncl ude",
"do notysi ncl udegoun@idek, defocted 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



entire bins of images. o Pre-selection of treatnment. This provides an
option for the user to select or 5 specify, prior to automatic

const ructwon/omrsggect s of the processing which will be apptisdov@iel enents
of the input material. For exanple the user mght specify that all
transition effects of the output productlon taking place during a certain
section of the input nusic rmust be of @8%certain type, such as dissolves. O
she/he may nenually select a subset of the input |rrages and speci fy that
those images 10;are to.b ochr,o t,, p ucti on.
Once again, aurShaRRlE! ?%Eé%gégﬁgﬁctﬁosgf%%%w ﬁloé‘ﬂ mﬁ §P§T"$ﬂ% based
upon informatl Oshtiré bREOF ifageBdi a descriptions can be used to assist the
user. For exanple the system can categorize segnments of the input video

i nput by brightness, present the user with the set of segnents which fall

e e BB SRR R BoBLb e B el T LTS, s

of these SengEl"ﬂp%cifyB, prior beaithrasteastrition, &pettabNthePesesyii@eRichvilbder to
enhance their vis quality. o Touch-up of “the out put production. This

al |l ows the useradp e@éﬁ %lemﬁ’éts efithpaput mtegwédﬁ@thampé@rtb@ﬂseamléhwp@fy
construction, f i f t
production wt hﬁgﬁ @e(l?%ﬁag tﬁ)\l}?fsegétgﬁgﬂ%sdﬁ ro h}ﬁ?ﬁwtl&? tp?ﬁa%ctged}llhﬁgav\gﬁﬁﬂ
preserving the statian of)them;nht efufie oiust bgppf a ea:haﬁmtytphesuslegmmq,lvasr (aghe/dbangi ng

sone of the transition . effects, .b di n removj ng special effects, by
over | ayi ng addl’?l%ﬁ’:i‘r’u% FeSf %&%m%d‘%e mgptclmaggst gﬂ%ﬁi%ﬁ“f%???dﬂagﬁs from
the 25 pedia degekd Bl fe‘ﬁﬁére&ﬁ‘m@ﬁ‘o&b?&ﬁe i&h@%ﬁ@% fohﬁctibierodce abdlfSe
operations. For exanple, when the user w sh {)o repl ace a segnent of
video in the om%@matlmromﬁe@ﬂ S@?h ag Sﬂ:em@y‘atlemmhduﬁtm@hasechap¢rhunﬁ)rmat1hna
representation p 3 SEL hernan e .3 fhnmentts rom p? t%trgoose
These. segment s Tom hEMAS e PoliShf B 1 P e BRI e AL Bt SXhmisls

ori gi nal segnendyseaceindatgotige s%gﬁﬂeﬁ‘ﬂs'o@fhetMp@tQ/nﬂ'%ﬁﬁ teydeighuRsk, breasatt he
video description. In a variant of this exa user can be presented

with two opti orideygsanvitisthe setof segmenty thhrfﬁllaTE?lOBégﬁ?’étﬁtn ‘brightrgsy hszbeld,
PCT/ SG}9/ 00197

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"



39 / "Replace with Contrasting Segnent"; once the user has sel ected one of
these options, the systemw || supply a suitable alternative segnent. A
qui te di Werzat2se@xanpl e of how information in a nedi a deseeT/pGimwizan be
used 5 to assist the manual touch-up process concerns the case where the
out put production is a nusic-based production. Wien video is "edited to
musi ¢c" by experienced video editors, Bhe usual practice is to match
certain visual elenments to certain timng characteristics of music such as
beats. In this case, timng information derived fromthe music description
can be used t o/i'Replaeawish Contesting Sepmentirence resusmhhastselehtedwse of these

f | ) °
Phat i moocr o b, M8 e At BoplT Sl el seBibRl, Pore c 0" °°

automatically aligned with beats, sub-beats and other significant tinmes in
the nmusic. For exa as the user alters a_cut point between two
segnents of thd 9@t n%ﬁfﬁrem@m%ﬁ hayg infermption ama srediaclgscranionen ba usidch as

dr aggi ng, i nf ORIR AR PR BUSS diESGh ALl GAlkebR diasd to cause

the cut point to junp between nmusi ¢ at anpl i tude of
t he music si gnqalrodustlblm gl mus1b-ﬁba$ed preductibineWhendidzatis bedlitet &d masis't bang beat
is present. A relat edch) t| on use, quantizatio a.techni

s
wel | -known in RBeTRERVigeo fi r%t SeahRIastice is tp mpick ertaiy yisua b" ies are
aligned to a t't@bélfmlgﬁhﬁln%"é}la?&térﬁuﬁ §ﬁhﬁs1@§dcﬁ'l§@e£t9 frhﬁlsbﬁgé tingfg Of the

nusic. The GU for supporting these manual operations can bé constructed
usi ng st andar d inferraation derivad nqmﬁhgmusm@scrint@na:m he osdd tpelpﬂmemtoach-ons
(such t hose used vi sual thunbnai | veform
G ool adl, o1 ol pereti@hs hiEh R0 e romtioR Fipuntly B Aint BERLI Thece
el enents are wehd outp@toduttibh 8o aiat tmié&inmala@mpéwdnfb sutRas &Jt§k&fcf‘ﬂf§‘sﬁes

Non- Li near Video Editors (NLE' s e editors, audio editors and ot her

medi a- processi #f %?@W@Y ahE’ée W&ﬂéh@ %ﬁub:hﬁﬁt&wtbér e Beans timep irgthe
ton, v act Gy ARGHGED, MBI BBSSL B PULAH PLOURLRPER o0,
does require ao@igut fmrductmﬂ using a signdandl G paexration such. as ld@@gﬁhgf difor@ihtion
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



exanpl e of such an enbodinent is illustrated in Fig. 11. This is suited to
creating WO 02/ 052565 PCT/ S0/ 00197 40 out put productions from i nput

mat eri al wlbzbs52565 arri vi ng conti nuously, for exanple vidrOT/8GOG/0BAYES from
a "web cam (a canera connected to the Internet). Material is captured
fromthe canera until a certain quantity or duration has been coll ected
[1101]. At this point, a style, and optionally a piece of input nusic, are
selected automatically 5 [1102, 1103]. These can sinply be random

sel ections f. |ons, .QF .t-he .style .and i c _can. be mat ched
to char act%‘;tp 'gt{ﬁrgds&g?p sf} r%xﬁ\}rlqg.\g%na ergaé P’\?lbcthl 18%“?“?%%9&3&“%@ i rleﬁ‘ﬁné?}? by a
process of videsor inpiges fromtLWebdand (§eateiakotntc-aavhigsIatdmiet}. Vateridoigunent .

The system now has the information it needs to nmake an outq;l)lgt producti on

and it doerbyeq fropythe cameraunyl 3 eertaimauantifieorslveasion has berncqolleeted bl 194 ].

audi ovi sua i: : | C&: i i | evi si on
ot (1105t SRR E B GRIGHAD BRec8 FHihd MR B C LR Sl bl P

t hi s syst efhl02nl 103 ht These caesimply tegranddra seladtions d@dya hmnhbandbobéonspoodigct i on.
One use for,_thi t he i nventjon rovi de

nbodi t of |d be to . (
aut omat i cat -aégﬁglls?ct(jc(?‘lflg’g T‘?ﬁﬁ‘g\eg\?‘i’ %ﬁctﬁrﬂ%la&eﬁﬁg?&dea@gﬁéapgf Im3gesrval s to

peopl e i ndecRptdd By $PREEs oIS ApioR Sat Y as &Yl lelsbwh DRI igapt ured from
a live canmera. 15 IK/YUSP% Based Igrgducti ons 2}I§he ent()aogismant ils 6§1rti cularly

suited to ¢ewsenhglhagypiem mvobasshe orfermationti nekds teenaksrancedsit pepdantont i mi ng

of visual S ver ngd..b characteristics and t.im of an

under | yi ngﬁlﬁdﬁglﬁ {;:'éstsp 421(&? }ngﬁ?g Sg%%}ﬁ? ﬂlétgug%rf’&éc&lon&ﬁ? O‘flﬁu%gp@’y and is

20 common devicaknck ayh GRbtEneddidh e ¢ 0dlee1sionnss [1R0FMIhireiy BEerepBéket i ng

vi deos, television comercials and many other forns. Such productions are
'S

referred t@delivernpfithis papriprplention: ihénwystemeaniepstinhscapenng matsiahener al
princt pl e RbayTHe LboRaRHaRiRH Bk 909 fdrinid BbodilRAYAKE ifiEh l%la‘f%ﬂltélﬁ‘j?ﬁgi')g? oo

ref erence. e Vi sua ement’s are mani pu 0 conform
the nusic provBielafitonsatingly-edrsteaeed addisviakal prodieivns at egular dltert/Alk %o l@pply

i ncl ude notion.vi deo, mages, ani matiqn, .graphics and fext. In addition,
Sone non- Mo ic gaqﬁeowéqrg pput material is beiilg 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.



such as speech and sound effects may be mani pul ated or positioned in time
in ways which are influenced by the nusic. In general terns, the nusic is
"mast er " vedd2/03266530 ot her el enents are "slaved" to it. WPOPRAGHRZBGS

PCT/ SG00/ 00197 41 Musi c-based productions are constructed using a nunber
of techni ques. These techniques, today achieved through the skill of

prof essional editors, include the foll*%wing: 5 - The editing "pace" of the
visual material is usually governed or influenced by sone general
characteri

ti.cs of, the nusic such as,its te i .e., beat eed),
oudness, TICBoRAarryBYE S5R0lnERe veeadiaihg of CEURTERaIrE. when ¢ he
nusic is frasgingfuedtodBuslBieved B oK the!skil 0@ PrtFédsRnaldditord hich@Bstid uct ed from
shots of shorter average duration and the transitions between shots w |

be faster,folleWi#g: 10 nore abrupt cuts and fewer slow dissolves. The nusi cal
characteristics controlling this not only vary fromone piece of nmusic to
anot her but also from section to section within a single piece of nusic:

for exaspl e theThHeasuitingy“pabeVetithe Visudibtyerfd is »nils goverdvdaéafliencdds, chor uses
than in the verses. A professional ~ video, editor, wwll sense this_ and use a
faster editing HeEA pharegiesistiseef the gwsicsuch a3 iffempe (s beat spaedd, sel ect i on

of visual mat erlbﬁélne@&%nﬁ'g@&\z}?gex}ep&f ﬂéﬁ&[?ﬁi ‘&Qﬂergy’go}l@’cgrré%ﬁ le, SRR3R €71 sti cs

of the music. For exanp eo W't ghte rs of taster notion may
be sel ect ed t o musomastyr ondsuderythe butgnigabductionevij e cansdrudizd Kiem strot26f nor e
static visual terial selected to _ acconpany. nusic which is. slower or

qui eter. - Ther%pﬁpwe&ge(g]magloaﬁagg}eﬁ@pggpa%gthp%go%w{ﬁ@. f@?t?feBSIW! I
generalihy be  syBebAH 28 il EvdrRRwWPEOIRS. tTRE nildRALCHAFaclrisficd he tini ng of
significant features 25 of the nusic. This is sometinmes known as "cutting

to the beat" amdnirollingdhisawt emlsiver fyomhenpigteleibmnsic by dmmiher butgdsa fsemover a

nmusi cal foundatjon. - To.varyj.ng degrees he.tidqning o vents wi.thi.n shots
of rotion Vi deoseﬁ%g/n té)l Sée%tlon Wathin% siit piece otI music: fg}ex%mpfle t%e energy’ level

in many pop songs is higher in the choruses 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,



be synchronized with the beat of the nusic or with the timng of
significant 30 features of the nmusic. This is particularly true of notion
events | wobyoizgesan abrupt decel eration, such as colli si pPOFSGeyWeEN
objects. For exanple, if a professional editor is incorporating a shot in
which a falling object hits a floor, WO 02/052565 PCT/ S&0/ 00197 42 shel/ he
islikely to align this monent with a §8rong beat or other proni nent event
in the nusic. - Furthernore, the sel ectlon and timng of special effects

applied to the |an aracteristics of
nusi c. For exar%?@e 5k lﬁ%fg’sa?’ﬁﬁiﬁllﬁemn? ﬁélcf?ll)éﬂg g??té?r\ﬂﬁteﬁpg’t“tlﬁﬂﬁ elt’)"éﬁt s or
ot her prom nentjn MsSheaé, events, or a br| ef freeze-frane effect may be

applied at a static nonment in the nusic. At a | arger time-scale, sone
visual effects may be applied to entire sections of the nusic: for exanple

| ffects rex
vor ces mmy be prEREiots N A RaRRR dBRARet bl R Rapio Rl B iBleods e

choruses is preadgentiefthienced byt thagat@istics of e nlusiys Forletun@sle ! fXhesansl B aphi cs
may be infl uence y. .characteristics of the nusic. For exanple, the tines

at whi ch these let B flémétp‘ﬁ’élaﬁtr@tg Qe 9eisr presyinentanusical pyseéss of @bsefl ong
beats or other e?érﬁﬁﬁl@teffgﬁ%éa %3{3%@& Ata ;{Qﬁ&’ lggﬁténp Ylei{f Ht%s?n%%tlgrgell o the

musi ¢ so that their appearanc Aotion 1S for
exanpl e t hey neimdscabensome eﬂu&lceffeutsma@dte\@phecdtofa‘netreemubﬁmﬁtth@masmon each
nmusi cal beat, &r chan e. size.or.color at certain times rel ted tai %

P ffted to

nusi cal struct eIWasIBHﬂ&F’ O RFCMRAERZ 2 AORSERS.4he Visug 6‘1315‘3‘
mat ch myisi ¢, t hge Piredsens Bgks@didtia honlaé‘l%oﬁféa'bvhﬁ@t}f% VisuaBREf}ial §8nOf

techni ques across a range of tinescales, fromt m cro- structure" of

musi cal beats chomsesis prasented #i Gillsolk. beat s, aII the way up to the "macro-

structure” of the main sections conprising the pi ece of nmusic. When this is
done 25 successfully, the effect on the viewer/listener is enhanced: nusic

and vi deo are r@eglays such as text and graphics may be influenced by characteristics of the
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.



likely to be perceived as a unified production and the enotional or
dramatic inpact is enhanced. The enbodi nent autonates the creation of

nmusi c- based opozadasct i ons in several ways 30 which will nonCheGaemaesi bed. WO
02/ 052565 PCT/ SG00/ 00197 43 Automation for Misic-Based Productions The
nature of the nusic analyzer [116] and nusic description [117] have been
presented above and we have already irffroduced several ways in which the
creation of nusic- based productions can be automated or facilitated. This

aspect of Ahe i nventign wi| | nQw be further described. One sinple way to
mat ch editﬂmg—m%@—m LS UREAE00sT is to control the editing

par amet er sTiganive g tHeBudld S1Rzef tl%?&ﬁc?l‘hu% E&&ﬁ b ngj]%] RERAIEh h%@exgc%& ectly
from paraneters of the nusic description. For gxa e, the tehpo of the
musi ¢ can #evesedwtavoalwady indtodtibel seu¢rtl wayssipeddch thh erdative bfusit- t he

aver age segnent duratiaon beat - st r engt sed. to control the ratjo of cuts
to dissol Slgd ?faﬁ?gu?tb%& ﬁ@%ge ﬁg%l&atﬁa OEga%flﬂ%tleH‘t ﬁglsﬁﬁﬁ’eﬁh?ﬁfég nveghonsWilkent s

sel ect edl faRPbHE AetHePPekcribéddeo. I n a straightforward mapping of this kind, a
fast-cut output production will result if the user selects a piece of nusic

with a fast tenpo. O, to take another exanple, if the user selects a

ith a fast tem ake anot her . e user s
pr aduct i oroney s Bef BRAERENA is BURE AR ATl SEBhe Thec e oo oach

i s effectipearhetesaiefiningsksyis@id charb@ed sttBO bt b @Sn Hakctly fré@ be
supported: for ex?rrpl e, .1t can_be inplenented in certain styles, so that
the user CFRUEEFEAQL themusiodessypionyfFosseprmpicotheigmpepidhe ntictdan de used| es.

Howeveny tifi [y ' ' ' ' < ly all
contr ot o O paRAheang Seel (M ek 0% (ARERS Selrhert Bl BOH, BPASBARL
out put pr otbed ta omtivhthetretiorofatveaiisplves zad deudnbe used tvasvngobthd baghinbsd

above for introduci vari ety are nqt tive, nversely, i1f the nusic has
nmany rapi OOfnSE%rHFI? éé‘%]g‘fte‘?ﬁ8m6ﬁ? ot Y}ﬁ%ﬁfﬂat %’ﬁ“g@r‘f’ﬁéﬁn*’é@ﬁ@r‘gﬁ]@ _.i“@@ 2t hi s
approach tfagdut bRtphfsieddation WU $ERRT Bt Usél fefcbls @ Piedd FHARIOHIN L 11 May
produce accept abl e out put productions
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 is 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



for sone pieces of nusic, but is not guaranteed to work for a w de range of
musi cal pieces. A nore sophisticated alternative is to select styles
and/ or swo82/942665 according to the 30 characteristics of PCVeGOU®IIL], but
then to allow the style information to control or influence the individual
edit decisions. This produces results which are nore predictable and
coherent for any input nusic, because &4 edit decisions may be placed WO
02/ 052565 PCT/ S0/ 00197 44 within bounds al I ovved by the styl e

information.,lt al | | he elnfor to varlety even
when the it toBndEa e Bbaso ket ot Ao AlovRbekanmeTREOBE

st ochast i cC@@teQaﬁétyQoemﬁeﬂﬁieqﬁus@a/ﬁ 'vb@qlr%aﬁrfok?%ﬁalﬁirﬂe\ﬁ@in theTt%}ﬁ‘ucﬂQQr Lpach
conforns nore closely to the central construction p |n0|5

i nventi on stechastibganerdtionandivalue cpélingalesmibed abog. 3. It will now be

el aborated for the case of nusic-based productions, with reference to Fig.
12. As in the previous case discussed with reference to Fig. 3, the

const r uct i Ohis lapgoac do2@drns rérelchssBly\6 thel déhﬁélﬂ%hétﬁibti%ﬁ gﬁh&ﬁ% oftind e _
information [1202], the video/inmages description 1 and the nusic
descri pti oWVFlﬁmaiescrmdrabgwwgb referenertodiig.Fp Ut will nogé:ﬁ@ aoeatedddi the

deci si ons . ph [1205]. This diagram
shows how %hgpnﬁgélﬁcﬁ%égﬁ F%@%O%%ngege%gzggsggéiof two parts, a
macro-description [1206] and a micro-description [1207], each perform ng

substanti al, | ifferent functions., 15 The nusjic _nacr o- description 1206]
contains a™ 3&@? PHTIH cafe 1ﬁ‘315?eﬁ]p‘ﬁltth Teiaercedp Figh 8, thejcppsipugtian lcf{d]z&”

sectiong Ofectil&s 1?@)?1th101§ Hohh @8 s!gs InRAMGEHEH P QIQO ?Qﬁd&bﬂﬁﬁs d%h%%tlo-ﬁhe

characteristics of these sectio are repr sI'c section
descri ptor §2O%ﬂmhthanmmé@cmmqn[da®ﬁe Ilarespdmsstqtlﬁ:sesemuent:@n[erhﬂs@&]m As

nment i oned bove t.he sub, 20, s uence he . or der ich the
sub-styl es §r‘sé°f{5 }th %F§é°’&°r?%mgt\é C‘fl}?egfaﬂhﬁléagls 'Jﬁlgﬂ@@gqa%shomg 8%t he
sub-styl e GeaueRCRsOARIcATREY e&é@ﬂfbdsédl@pkwotﬁa%ea ﬁébl%tcfescriﬁfon 6] bhdE 10 the
out put production, a corresponding sub-style.” Thus, when ed |t |nf ormation

i s requi r edtidrerdeseription { A07Areaeh pesfarmingsabstantially diffortntfunctignst hat
i nf or mati on

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.)

*



wi Il be supplied by the correct sub-style. 25 The role of the nusic

m cro-description [1207] will now be described. Referring back to the
case, deswobexts&arlier, where there is no input nusic, ther/saboronstion
passed from styles/sub-styles to the construction logic [1201] is
effectively a set of edit commands, and the construction logic attenpts to
obey these commands if at all 30 possiBfe. (It may not al ways be possible,
as sone deci sions depend upon the video/inmages description - see the

di scussi on above about video segnent selection - but generally it is
possi bl e and where it is, the construction logic will obey the command.) WO
02/ 052565 HS¥évREQRHHITLE of ibsitiBRdProductlond e GFsEnon FIREIS thRagEdtyle _
productions the information which the sub-style passes to the construction
| ogic i s &ases tothespriaedorlosic is Begiofpreferanses: diesepreferondss arcftolbeowed onl y

after the S| R fromthe nusic mcro 5
descripti oﬁﬁﬁf‘%cb%q?tdgérgﬁ% gc{%llt %gtglg%.Of%ee%ﬁ‘lsl%rd%gﬁ%gs%ﬂnﬁﬁ? B EIHE S ns a
descri pf i aksatptiong1207hpiué consilecedat THehBictd-dBsEpd @ @hntdddy SdesbBpich dMBke

sub-beat. . This descrjption can_include, = or be used to generate, a series
of "edit HRAHtMusiqRthefmessele of baws, Reatangrsubddedt. ks desciiptien capinclyde.der i ved

divect!y To:3eedMScficiPh ldritd8r IGACKRY Ofor LARRALRE LA clif iy  desirabl e
to produce a segnment transition in the output production at a c€rtain tinme
such 10 ashiomcan It denivgd Biradtlydtorh henusissamplit@icdestiigtos tindisdtyd thatdeguence has
been creatged, Hh construction | ogi.c %%%g%%‘is ahle.to build the G as
Fol lows, SRR AEPANe eReene TR 61 BerRSE PRGRCHAc aCeToH tfeue
traver $p Nthstod o ABnEBELt OF tHeNBuGat put production: 15 - Acquire edit
preferences relevant to the current tine in the output production fromthe
sub-style corresponding to this tine. - Acquire edit hints relevant to the

current ti i he_.l.nput music.(which i.s. 20 directly.r ted to the

current t i@r%ceitﬁe %‘%’éﬂ%lﬁg Ef)%utenf)erslba& LP(% £ 81}??tef17t B U 18 glcrﬁ %(?]t;-lsd%tg%}oi ption

[1207] . build 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.



- Where required - when nmaking a decision relating to segnent selection -
acquire descriptor values fromthe video/inmages description [1203]. 25 -
Make edi twaezrdxsens by conbining these inputs and store ther/sdiwooderci si ons
in the MSG [1205]. The two mmjor aspects of the above will now be
described in greater detail by exanple: 30 first, how a sub-styl e sequence
mat ched to nusic macro-structure can béd%creat ed, and second, a way in

whi ch the constructor can conbine edit preferences with edit hints to
produce edit decisions. WO 02/ 052565 PCT/ SG00/ 00197 46 Creating a

Sub- Styl e Sequence Matched to Miusic Macro-Structure The general principle
used to create a sub-style sequence matched to the nmusic macro- 5 structure
is to use descriptor matching, a simlar technique to that described in
detai | atfcigatingg SubsSide SequenegMatcheditoMuysig MaorerSiyctyees cr i pt or  nat chi ng.
The goal J | : - i to the
misi oot r it e L ARARE chRt b AR Pl b RHGRE et
sequence oftrucimss 5 te @sd desnsptpd B@thing 1 Osifrilar cavhniquatesthatdeteribted fidetdili N many
popul ar SO%?)S: IntI[rffoduc.ti on,. .Verse 1, orus, etc. These are matched in a
one- t o- onefPPEF HiSHIFEWRS,IIRRT Yideo segeplp by dgsainjqranatehings) ~ The sequence of
these sub-styles - SS3, SS2, SS4, etc in this exanple - is the sub-style
sequence. 15 Before proceeding it is worth noting two features of this
exanpl e. Fhesgoal efibis nrperss istte praslanea mulsstyleceqeingg linkedrto dhicemosic strgstuiet i s

|l i nked to the same subrstyle. for.example the chorus is.al s linked to
ssa i n ¢ SR Al BT RBRESwEin ki 1 S SEER Bt LS RS i R A one
are veny sfollbwitlg a @A@dtir®upt &¢ pollatont® IR dIREEH, VeeR MWidhbrugastee this
result in many such cases. Secondly, there is no requirenent for all the
sub- st yl eslhsse areznatﬁ%ﬁdtlp@mnartowﬁyr%atmsmé Witheaiset pﬁ@?bestylgs H302kdite in this
figure, | ' o | S t this

parti cul a;gaé‘l}{éengg Og neuil#)gs.t I 9583113532 h%%%%cﬂ@%ﬁ%g%%%?%ﬁ%%%%@g
sequence neyudreederived

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.



automatically fromthe structure of the nmusic. First, a set of descriptor
val ues, one set 25 for each nusic section, is acquired fromthe nusic
descri pt ivom03/43208¢5] . Sui t abl e descriptors for a nusic sectpPonsGoiouge t he
duration of the nusic section, its average tenpo, |oudness, and
beat-strength. Many ot her kinds of descriptors can be used, such as those
listed earlier, and as nentioned, they4%my be generated by signal analysis,
produced as a by-product of the mnusic production, entered manually or

ener at ed 30, an r neans. The only. f.i xed requirenent is that the set
gf descri ptisrEXt %?%45;{4}? lsrﬁffsrf’télseg%gf’mﬁe E’%&rll ‘il%rgg IS?(S’ggafgetldsescnp%r >
per cept ualJatues] diski BaBichudlstylé. eFhOdet bi@rdBH $hlteSRG duB iy MELREAHRARZD 65

PCT/ S&0/ 00197 47 The next step, [1402] is to retrieve fromthe style
i nf or mat i oleseripgien ofthet charpeterigbescetimusdy whigh thie sub-sisike waitld be paigelarlgub- st yl e.

char act or ST REed B S3Bically et Sl S ORAMESR R B oD SRR ol T

mat chedst oof ehyeping alskyofithgsevahics fof &ah eab-byld MFor Ekadhple,dxeﬁérgth%t?lby a nanual
process 5 of entering a set of target values for each sub-style. For
exanpl e, \ifsignerfacaiesq Bst-¢ut splaiyle G ectneathigh semaing of sagriestsyial valuea. one
whi ch contgai agﬁl : r
dur ati on, %?%@3‘%}%‘3@9%@%@?9 S eé’ﬁ%ét?dr#ld g taﬁggﬂ, %@ﬁ%ﬁéﬁﬁgg&sﬁggﬂgg §/1 eis
best sui t edyltds Eestristed tee atuswrsevinnchhiek bxHibitshiph ghluesafon ds tEmpo thebdatnpo and
beat- strength ,descriptqrs, but, is not dependent on | oudness. 10 The next
step, [14031R @%Fﬁcri?éﬁﬁ’ﬂ?“zfsenoédgﬁndﬁ)‘?to ﬁ%‘?‘ﬁﬁﬁses in descriptor space between
musi ¢ jgections and sub-styles. This is sim'lar to the process descri bed
above for selecting input video segnents in a non-sequential case, and the
t echni quesThenexbsiep.d #4433 is toopatautrte i pef of Histana¢sdnldasdriptor shagsrhsiveentmyusic ee
Fig. 7) ma | so_bhe .a i ed.in thi. ase. 15 From.t he.set .of .distances,
"trial vershon dof SeRES Iy Teie bl ARG e deS LR R SO by
assi gni ng inpet idsRainett i & hyh-SeduRn®d ChselThigd e $&Bhiq@Bs infld@uddeXér st ep [ 1405]
is to check the sub-style sequence for undesirable repeats., This is
necessary WRERIESE thespldilationt ol PRGN §Ses iadh Tasayadsorhanpptiediinghisionist i on
nor mal '1§at R tfxg s%t%?ﬁ&%@@sd 22RO Evdifof BPRRShb S 1M dglledde Lan AW Y T €d.
it may happen that the sang

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

a

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 SS4 [1303] which occur because the Chorus repeats 3 times. Thisis 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



sub-style gets mapped to too many of the nusic sections. This is
particularly wundesirable if the sanme sub-style gets mapped to two nusic
secti ons whbpbs2865e  consecutive yet different. Note that ParsGey/@igmpl e
presented above with reference to Fig. 13, the only consecutive occurrences
of the same sub-style are the three 25 occurrences of SS4 [1303] which
occur because the Chorus repeats 3 tineg®. This is a desirable case of
repetition, but any other repeats in this exanple would probably be

undesi r abl uch, undesi rahl e repeats can often detected, for exanple by
checki ng &i‘?@fﬁh‘él?deflﬁ%ﬁ? {aﬁpgqSm,ﬁ&f&ey&&ahmm@gi?{bqﬁ%ﬁéeﬁa%wwgo xceeds
a certain halsie-sQlestiiehe sublsBile gé%gl&ﬁde%tlpﬁlt&%%§bﬁch\é§ tHeERGBhSarEA GRRIS 2

certain tinme value. 30 WD 02/ 052565 PCT/ S0/ 00197 48 If such undesirable

repeats ar#ykdonerchmisic ssetéonefond inastepi[1490aD@jovby repl aci ng sone of the
sub-styles in the sub-style sequence with alternatives such as the
next - nearest sub- style for each nusic section found in step [1403] above.

5 Because Bbiansd tidvotliquelis siglilit tothe tethhit@ed RE Bele@RSnhavidols8ghiEmg | nput
vi deo segnents. described in above with reference to |gs. 6 and 7, many of
the det ai | SeSsHbEdNEBP YRVt Bderepsedediiese @ aaB dvmanngf the detaHeanthdltareativaer e, 10

Conbi ni ng ﬁ@isénteﬁfﬂ;ol% ?@8%0%%”% ﬁer%’.‘i nts to Produce Edit Decisions Fig.

15 shows a graphica resentati on of one technique for conbining edit
preferences fromthe style/sub-style information with edit hints fromthe
music mcro- description in order to produce edit decisions. This techni que
operates at the tinescale of nusical beats. It will be described as a

t echni qge C@ﬁlba@lfg' Bt Pitfer6iReb SHBIRLif Hirfs toHRodl8 Mk 1¥dcGordsi M8 | ocations in
the output_production at whic ere shou e a change of segment) but
t he technibigelS showsa graphieal afprésentatian obenassethique fonkembinherediti nds of edit
deci sion, sueh as kdentifyjng,tine.locations.at..which to.insert flashes or
other s pec?réfererécfz i lérg?ls%e %ie{sﬁb’tsiﬁqg lrgg%]loé,mf%eéh%?ﬁs 3‘6’??% Eh_e PRSI SOt i e,
and the veddscipliortincddé td pdldde itdRidnsh TRLs tedial R DPERERIAY BR tRhesdQE i ved
fromthe music mcro-description. The height of these

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  In this 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:



arrows is related to a perceptual ly-significant characteristic of the nusic
and their horizontal |ocation indicates the tine at which they occur

relati vewoozoasart-tine t = 0. Typically the characteriBECT/SGImogeest i on
is one which is closely related to the nusical 25 beat, such as a signal
derived fromthe anplitude variations in the audio signal. Many techniques
are known in the art for automatically4xtracting such representations of
nmusi cal beat: for exanple, the overall anplitude, or the anplitude of a
frequency band w thin the signal, can be subjected to a threshol d-crossing
test. Further refinenments, such as the use of a phase-Ilocked | oop, can
synchroni ze therggurChhiRty AR MohtimPlethRtfsy dfheshdes 1/2) P! i tude
vari ation which occur when the beat is regular, as i1t Is In nobst popul ar
musi c. What everl/Begéini que is used, it is desirable that the edit hint

pul ses have the follow ng tendencies: W 02/052565 PCT/ S0/ 00197 49 -
That the majority fall on beats, or on sinple fractions of beats such as
1/2, 1/4, 1/-3,Tiekpulsds occlitdly dibuBaS bOAS WuEN AOthe firibeand ch@das, hat¥ch as the
first beat of each bar, have higher values. - That the value of off-beat
pul ses (those dugkgriahgsbet ween the main beats) have high val ues wherever
there is a strong off-beat nusical event; this is common in 10 nuch nusic
for exanple in styles of music known as "syncopated”. - That, in general

the pul ses cor rBugsdhedvales efidt-beny prisesaéhase ogmuring betwsen thsimasa begis) haveuman
pstener. 15 T MibALSEARAerkDE HROR Yehb OB bAIhfusi] dveh UL RicBhnaficl) ed! !
hint pul se as a Fequest to pertforma ctt a € corresponding timnme, and
t he heilght of eaaoth mubisdorexaipte iatstydssgifimsic kidwn aségusspateThe pul se hei ght
can be limted 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

styl e/ sub- st yl erhds ith PefEHhl B pulshoP@ m{;\ﬁmﬂﬂgﬁ% %ﬁ@“%md%qe Rived tyhe

"cutting speed" as Introduced earlier. at evant to I's exanple is

that the styl e 4 mimamhbsteren. specifies, for any

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 pulse 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 tyreferreq 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 tpreferred. It also takes the maximum permissible pulse
value of 1 for t < tmiy and for t > tya ; 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:



nonent in the output production, a preferred segnent duration for the next
shot of the output production. This preferred duration is marked

t pref erradoono®Bses. 15 and is nore 25 general |y represent eBChgGodti@idour |ine
segnents [1502, 1503, 1504 and 1505]. These four segnments forma threshold
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construction Idgpdu%lpea@merﬂﬂwSegmmtthlqasmﬁgtcﬂorgwrxemm by segment, this
is reset for every segnent. 5 - The sel ected segnment duration is the tine,
relative tot =0, of the pulse for which the value v,e = vp - withis

great est, wher eThexelesteliRegmahtuRir@fontifitheBimhes fel ARG Wi &, ofﬁletﬂme\f@ﬂ ue of the
threshold at the time of the pulse. In other words, it is the tinme of the

pul se whi ch excukigh thenalyeineshol lﬁ;grqamt §eheen eds thealallie of ghe pulserand vpul se

crosses the thr; e 15 this
is 10 pul se [15182%0‘}8&)t ﬁ%gj?é%g se %gﬁag)hgéh?{ Eélgr ‘\k/'éaxids iHis th i s not
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cause cuts rel at ed to the beats” and ot ures of musi ¢ as

descri bed abovethe 2adue v} is gaedtér foapase fdbD6ks which fall near to the preferred
segnent duration. In particular, if the nusic is very quiet so that the
edit hint pul ses are very weak, or

Taking into account all the above factors, it can be seen that this thresholding
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 t0 tpreferred-
25 - It will always select durations which lie between tmi, and tma.

- By varying the distance between ty;, and tyay it is possible to control the relative
influence of the musical rhythm (the edit hint pulses) and the preferred segment
duration. If tmis and tyax are close together, the preferred segment duration will

30 dominate; if they are far apart, the musical rhythm will dominate. This is a
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 tme relative to tyeferred



the nusic is relatively featureless so that all the edit hint pulses are of
simlar strength, it will select a duration very close to tpreferred. 25 -
It will avewyes2se&l ect durations which |ie between tmn anBCT/RE80/00H9By
varying the distance between tmn and tmae it is possible to control the
relative influence of the nusical rhythm (the edit hint pulses) and the
preferred segment duration. If tmn amd tnar are close together, the
preferred segnment duration will 30 dominate; if they are far apart, the
nmusi cal rhythm w || m nate.. Lhi.s is a. factor ich can be, se .
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WD 02/ 052565 PCT/ SE00/ 00197 51 allows further control, biasing towards
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tpreferred. Fur r J hani sm can use non-|i near
thresholds, in I\;/{,E?lg%eﬁlgnﬁ?%ﬂeégggﬁ%{gﬁ:?eggﬁggl aced by curves, providing
even fifer control over the behavior. 51t is often effective to set the
val ue of tpreferr to a duration which is related to.the beat speed at
the current! f ,OSFHLe 893&ﬁﬁfbgeferfed treduratigmowhigh is refatgigitle begtc. Note
al so  t hatg bb®atGROSEEHE hRKic¥hSS) f@lséla%{ﬁ%tlpd’eﬁﬂ efr 6t 3 wibds! G eRbrevaige for
each segnent as it progresses through'the output production, using

t echni questhsiutbh cerstiubtos efteieassighbhdrkda diffdrems value foromelatégmenvas itety in edit

deci sions:_the use of .sub-sty]es radual evol.ution st ochasti.c generation
and val ue Pcf%‘@efsr?aﬁ“.%\}ghct_ﬁﬁﬁﬁl?ﬁﬁoﬁ‘h 100, 1SRG teg ﬂ?ﬁsﬁﬁ&aﬂé‘g%ﬁr eﬁférbqun this
sectiono tdalidriyedtbating viasie@hh 8dik Beci6RE e e S klb-S9RE SIram] Whil6HoRr €
perceived as relating to the rhythmof the nusic, ' 15 which are

suf fi ci entSt9chagiiq gepermtion and valpecyalisgc i s very regul ar, and which always lie
within acceptable limts, regardless of the selected nmusic. Other Features
for Automating the Creation of Misic-Based Productions The invention nmay
opt i onal | yBypeorabinéipciel satiof techsiyassadescrihedrin tidatdetios, thoinvasticneablrgoor 20
facilitating the crfat iton of nusic-based productions, for_ exanp]e:
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
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02/ 052565 PCT/ SA00/ 00197 52 erally_create nf usi ar..mu d effect
't Lhe spoken VOTGEIeTR Sestopsdr BE Fihsiel W EBRLTYSRET P R ARGy ToBRCS.

it is desirabl @nfpartad ¥lehRnBYEH @sbritkdabbee), thidih e uRidvddsskhe Bbe/ofrhen there
i's no singing voice, such as in purely- instrunmental sections of t he nusic.

In cases where mmaﬂm;ir@t@ek@mm@ns athi¢hiafigate shepiepgnee peabsencerad psinging
descri bed aboveQ ce. hlgm%re ?sﬁ k%g&"h%l ggl al?lyillytsg%ec%ﬁ?qélgg {ormgﬁg the Cf eat ed

descriptors whic pres ence o Voi ce.

There are al so ﬂtmwib of zggiﬁgmgmaicy #i Mutie hidhopoasd ﬁxwor;ﬂﬁﬁteaint@gletdﬂmc presence
of a singing v0|ce in mu whi ch coul i ncorporated into the nusic

anal yzer in or d@plyeer lﬁlﬂri%i? utopats thig, g@?@?époﬁ%@L‘FybﬁoF cenfrollgie Bent r ol | i ng
the 10 xi ng- 'rﬁxf?ﬁ Ma?: fof 241 Ein glﬁeeﬁna%eg%dﬁl f Kan ms%p 1&@&1 BRigged in
conj unction h E%e tec ni ques | ust descri , 1s to select ortlons of

t he soundtr ack wﬂlmﬁmrtdclmgmemushéascrﬂmddmdo stlactgotigmisof thesoukdirackxanpl e,

speech detection hns, kno n the art, can be used
to select only 3;98?%}%({9 ﬂ%eflr ?%V@m&r}sﬁﬁﬁ‘ﬁ %Egkﬁ?‘?i@mﬁpedom nat es
over other soungdsorithms GIRYR bRBkll-kfovwilRi the @l@tc%ﬁtueql@e@dogerebwm pafioRe used
to ensure that sections of the soundtrack which contain nusic are not

sel ected; this ofshelsmyindtrackeintyddeluspeaking predominates over other sounds.

15 Conversely, 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



music in the soundtrack woul d generally create an unpl easant effect if
mxed wth the input nmusic. Although the audi o anal ysis techniques for

aut omat i MO 02/0f2S@ processes are not conpletely reliable -P¢DSGex@nwl e, no
known t echni que 20 can detect the presence of a singing voice with conplete

accuracy across all types of nusic - they neverthel ess work well enough to
be useful in this invention, especiall3 in enbodi nrents where user touch-up
(as described above) is supported. 25 - It has al ready been described how,

i n nmusi c-based production rof essional editor will often_align video

el ements so thd "I_Httheé“ﬁ"rﬁai?&s}%ﬂ i GFRTHY ing imes &dep s 1s apARUR€hanes honent a
falling object &k soudld yaliBidih bPnS HIRRMQRLERDINAR bl of llfiGh ! not abl e

features of the nmusic. This can be autonated by conbining nown techni ques
for video noti odncertht tisies ofwnehortreadeif thess déwteratmnenomenys R8s bagai cal

features, such as.t.he .beat, detection t.echni que introduce bave.. For
exanpl e, noti ones\%i:‘%}lﬁdén 8§h°tt9ﬁ.€‘3<’tnpﬁtc 1 %O’P?%ﬁﬂe\?.irﬂ%gﬁg F?-FS‘ c@‘f%ﬁ@ﬂ?’ﬂ .
techni gyes  sucdasisidoms sHBEGRILR Gptidaldy hlighell WitHGe AHuspDbUfptdideaR! erati ons
such as collisions WO 02/ 052565 PCT/ SG0/ 00197 53 can tHen be establi shed

by identifying telatize tipghegbatiesrevideo an mbsiofr vdtielntherd is the best wetwhaThisr
vector sum of t I v LS. W.Lhi a.reaion aof the fra . ce the
ti mes of one Or%@%@ﬁ@%%ﬁg%%&&@t@% qrgvr?l&n%h%ﬁrfagwﬁ%m lecé’ﬁrréﬁggflggl i shed in

a shot of the iduetleradiofl@dih atisttdngths taledglel o0dr thaatiradec 6f £5a@hic@nofthe
est abl i shed, the shot can be optinmally aligned with the nmusic by finding
the relative tHPHEPHBICHRRAS 4 /BBXIERI-nusi ¢ for which there is the best
match. ;fhis can be defined as the relative time for which the mathemati cal
correlation of deceleration with beat strength, cal cul ated over the
dur ati on oBea ssegptemid ahert descrippotspletivet dihe musit, anakyzet can beasedrtonaontdl Beat

| yzer can be used to

sUenath and ool eRSLRLer s derived by Lo S anglyect anbe ueed
an over | ayjt$leehticASorientation, size, skewing, color, etc can be determined directly by the
amplitude of the music signal. Or, in a more sophisticated implementation,

15 representations of musical beat based on a threshold-crossing test (as introduced above)
can be used to trigger sudden changes in parameters of an overlay, 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.



its location, orientation, size, skewing, color, etc can be determ ned
directly by the anplitude of the nmusic signal. O, in a nore sophisticated
i mpl ementva® boos2565 represent ati ons of nusical beat based P@T/&G00/00197

t hreshol d-crossing test (as introduced above) can be used to trigger
sudden changes in paraneters of an overlay, and the overlay then allowed
to relax to its default position rathers4nore slowmy. In other words the
animation can be based upon a relaxation nodel which is excited by pul ses
derived fromthe nmusic signal and related to the nusical beat.

Furthernore, the nusic section descriptors 20 introduced above can be used

to control Fighaagesvs the Wosk RN fﬁaarﬂy@faalb&mamﬂrnamg@msm a 1801 HBLES INLY- t he

section boundaries and is related to the nusi cal acteristics of each
secti on; fbﬁw@&%ﬁbogdﬂWH}HdDd®ngkzenamdbasﬂawanwpnﬁsgﬁndﬁmh1mmu®mkmlaid

text/graphy | d_be orLiong to the average
| oudness o 1{E%t’ne crg%r Rl eg%s ﬁl o qrdwpogggﬁﬁgﬁ Oﬁﬁ? fyzgﬁ?é BEQMEENg duri ng
| oud nusi cresbidingoedécuiginy a &[111@5' httzashed #Pa BBMButb) oﬁtrbr%f {386 natet] | €
overlays occurring during quiet nmusic will be small, dar and nove nore

f1 ow ngly. re@réﬁéé@l%fr%@ Wmer {7 RINPHETT AT @cqurrmrwcé,@nmuﬂmfom@scr | bes

how a typi &%4 ?lgﬂaqﬁaéseﬁrk Bif ot agsrogaé/ dgﬁg)&mggﬁchta@& ﬁgalwekf | °W5<I

user engage creating a Ia pr renc ’ 16
and 17. | nistdsedséus step dlsginveles &g&mgsthawrpu\tvmghaldaﬁ h@doﬂlhésé%llt&naﬁee ones
whi ch are lcal éﬁ ut onat ed Of assi . sted gv)autonatlon WO 02/ 052565
PCT/ SG00/ o??f 10SgW %ﬂs P S OB et Ehe 8P vidkn meferalihas been inkredured dntenal

case, ugi n@geaytpol such as a Non- Linear Video Editor (NLE) to create a
musi c- based out put production frominput video. First, the input video is
captured and/ or inported [1601]. This typically involves 5 recording vi deo

using a ca Fa attached to a co% %lli'l Lra sferrln vi deo materi

recor ded ear FPeF-ARIGEIPCEs &gty %?FGBFO guap, g&ﬁfﬁﬁ’i %1? E&?rtoﬁﬁli‘fﬁ‘ie/‘?‘}?@ i deo
in the forusief1602qlifeE &akmpld E‘}eﬁclf)ﬂdﬁ&%]t'd(r tﬁﬂsfaﬁﬁigqgﬂsmra%eﬁém Reeaglgyi ce, such
as an anal ogue cantorder, is used this step also involves digitizing the

i nput si gniich as An avrio 61D, on seguitile WEsig eS vélglt@bwm filesIn aglyenf thases step is
conpl et;g, ﬁlg?ndtﬂg g&en%hQ? QuHIR 1S 'st@{) 1?&%@&% r-'the 9 Iqllf!l(S:I% %aé Qeen 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  is typically 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



1 o the NLE. As this exanple concerns a nusic-based production, the user
al so has to capture/inport mnusic [1602], for exanple by recording it, or
transf er w@@2/0256x om a nusi cal nmedi um such as an audi o CBCT/SGOE®AL I i ng
nusic as a digital audio file. In any of these 15 alternative scenari os,
when this step is conplete, the input nusic has been introduced into the
NLE. Some NLE s are able to perforn1thé5next step [1603] automatically,
segnenting the input video into shots using techniques such as detecting

e R

NLE does npétinciéh beteveaviRiBt WhichBRlr aﬁﬁﬁﬁ@ﬂﬁ@éﬂe%ﬂo ishBe ube PHusbBEEMES t he
i nput video manually. Next the user needs to ?I ari ze hersel f/ hinsel f

with the shiépu pmdut:h@n mﬁpmlly\ﬂea@gnt bvrﬁesme%ands- ttfyftptxhah mpsigehasecby " | oggi ng"

the shots or I then1| r ertal pn orders,
maki ng notﬂerc’s;‘%la 1 rg'?s rgjﬂlgl Ct TN %n[ﬁgh g {chf)ghat‘lﬁbey CBPQ’PES}& onal
pr oduct 5 ortke rHy‘ﬂﬁh Vtirﬁmg&nﬁﬂfeeb'foﬂﬂi&)inbumﬁﬂdﬁl ’ﬁhlsﬁﬁﬂoivdSSndiﬁltﬂhﬁd’teﬁdlffé@t hy
task. For small = casual productions it may |argely be bypassed, t hough

doi ng so deserthediabgvesand s yarytipe-takinginanqs aaspwﬁ@n TR RN AU
product | Orkievégrgl }Bﬁ? @@élteatten:ra&?m% 95t thd Q%Bte}%ég\?cn 6917 i (&{5% 2 dpcﬁf fgnmed
or or Xanpl e

sequentially, e user ternate ween t
finishing co:fnmansfemmmufesshomdheasersntqom’eatpaodtput pmduMlbrﬁB/aOﬁBE@EstdﬁGﬁ'dd?»hﬁO/ 00197

55 before V|n on to, the n tion) .or the u in a way
ohi oh bl 8o HE PagR bRt Bke R B %ﬁ%@wdaﬁ%ﬁw@ﬂ%@ﬂgﬁ%

adOptSqothﬁnﬁﬂ@&ﬁﬁﬁ&%d@ﬂdﬁiéJK%Hé&%QMInB&EﬁPCt'0“ manual Iy segment by
segnent, and - if a Sstylish nusic-based production is the goal - nust

carefully mani pul ate the segnents so that they conformto 5 the rhythm
timng an "fe I" of t S in ves t he techniques
descri bed e;}‘ﬁ%{ feld lev rtgﬁlh @gugg%rﬁﬁe # éf ALY og?féﬁll FPEGdi ring an
hour, or eﬁ@dtrub@wmeSNLEqO edriiet B 608 Bt Whidh pBin®it gré®icesldbsiitp@r oduct i on. |t
IS also beyond the skil

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). Itis 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



of many non-professional users to create a output production to a quality
standard that they are happy with, particularly in the case of nusic-based
producti ov@ p2/e#256h require 10 an understandi ng of mnusic aBCWeGHO/@3I9NVI sual
material. Wien the user believes that he/she has arrived at a satisfactory
set of edit decisions, he/she instructs the NLE to render [1608], at which
point it produces an output productiondas a video file or other output.
The user views this and, if not satisfied 15 [1609], returns to one of the
earlier stes% to alter or refine theﬂlgarﬁoducti on. Finally the user exports

their out ptF PP SHIERF Shmer Knopgl terkianas ta prtematethesse Heppdsmay o view it
[1610] . | noptiéhallpatloRaisd ISJSePﬁ)scﬁfehjikfe)/orrﬁﬁ}ﬁsﬁfh@?é%%tﬁ%;segnﬁﬁtﬁfi&?0 file on their

conputer for |ocal view ng, but nore comonly transfer it to tape
using a 20 video cassette recorder, or to an optical disk format such as

writeable di sc R .. Lt is al becom ng. i.ncreasi ngly c nto

i st i but e \ERETG P R rs ey (Flemt R E R it Pl Ut a ¢ as
an enai Is atdaéeAHIT04]. UHeQAMNEBN pkoiGesAe@RINRE for WisttheQhRPhScesPdy access, or

sharing it fromthe user's |ocal machine using so-called "geer-to- peer "

file shari Agscribed ezrkier. 1bhis pighds amiwnalankimasube bypassed pi sanhe embodimaised
production case using a system based upon an enbodi nent of the current
i nvention, and should be contrasted with the conventional workflow just

descri bed ithe hextefepr]€T05¢ compfiteg thd fanBRindh of aaghatieidalpRar dndsbefficlid/01 and
1702] are t?}e ane.as the .(:E‘_Iréles%on i_n%gsteps [ 1601 and 1602]. descri bed
above for PHREFRIENG BRY SRusIVRIYEleserdbed in s derimesth G¥new this sish istaiphed;a 703] i s

al so esgenthmdblete hér SRMci I _ ' 1603]. The
VIO 02/ 052565 PCT/ SG00/ oﬁ%’%ﬁ’n%g%s@ése’? EEnaaRd -Shap dily dctfhe AN 10D3] ques to

aut onat e t hewdgetinme Eypidatin thisstep ireyerfonped il duoradtically b ¢heusystermt amdover ri de
or adj ust }h%.rréagu#ti?l% stsgment ation. Next the user pre-selects content
(el ements o 1UFRE™ ‘ﬂ% e PF%) and/or treatnent of the 5 nmateri al
[1704]. The invention provides techniques for assisting this process as

described earlier. This step is optional and may be bypassed in sone
enbodi ment $he system now renders the output production [1706]. The user views this and, if 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



The next step [1705] conprises the many kinds of automatic anal ysis and
construction which have been extensively described in this docunent. Once
this stemw®e26i2aésshed, a 10 conplete set of edit deci si onBCIaCI@eyT
generated - these fully define an output production. Typically this step
is perfornmed fully automatically by the systemand requires no help from
t he user. The system now renders the odfput production [1706]. The user
views this and, if not 15 satisfied [1709], nay either touch up the

production with, assistance, fromth stem based _upqgn the techni,ques
fescr | bod RORFISHE HB Gevises. Fhyp G BltFrer pest Pt O ARG P@Fm%flgﬁg .
Final |y thgiiMaShorE XA dne hhiiBiate @4RuUt production [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

descriptiop, t hat the rkf.low for a. typical.enbodi ment of the current

i nvention ‘&Wi‘ﬂﬂgbé e%%\%mé‘th%\ﬁlﬁﬂ crifed ﬁ%Bg%WHEﬁ?fg enc rH?rtb‘i}‘tlatrhe user. This
speeds §p dofdRhets Glations RbAERSTons ARAMEED]d WRLAMRGopObS thBenRtidsey 'S tinme
involved in_it, and provides greater support for inexperienced users.

Har dwar e Ewibldei dleantie a skillgll persiga. cl ear 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, dedicated

vi deo-editi ng boxes, set-top boxes, digital video recorders, televisions,
conput er games consoles, digital still caneras, digital video cameras and
ot her devi ces capable of nedia processing. It can also be enbodied as a
system WO 02/ 052565 PCT/ SG00/ 00197 57 conprising multiple devices, in
which different parts of its functionality are enbedded wthin nore than
one hardware device. Although the invention has been described above with
reference to particular 5 enbodi nents, various nodifications are possible
within the scope of the invention as wll be clear to a skilled persion.
WO 02/ 052565 PCT/ S&0/ 00197



58 Cdains 1. A nethod for editing input data to form output data, said

i nput data and output 5 data both including at | east one of visual and
audi o datveQ or/beeseset hod i ncl uding the steps of. anal yzi ngpewRdod/mwpert dat a
to generate one or nore descriptors characterizing each of a plurality of
portions of the input data; 10 defining style information for controlling
the editing of the input data; using (i’ said input data, (ii) said
descriptors, and (iii) said style information, to generate a set of edit
deci sions, ~f he set of edit decisions specifying a set of editing 15

. alms . . . .

oper ati ons e perfornmed on said input data; and generating said out put
data by perform ng said set of operations upon said input nmaterial. 20 2.
A nmet hod according to claim1l including a step of supplenenting said
descriptorbk w tA nzdlbd foorditing iepug dae tafoent cbest dital eddinpecdity adl dutpun an

external source, . saj.d additional descriptors bein sed in said step of
gener at ?nggag%g@hé@u%?g aelepsd ppR el Vls‘@‘i aﬂé l?laﬁa’ ’E‘Eg}eg?‘%ﬁldn‘flk}dleg therstensuher ei n
sai d addi tynal descriptors include 25 descriptors generated by
instrunentation at a tinme of recording the input data. 4. A nethod
according to claim2 or claim3 wherein said additional descriptors

i ncl ude descri ptor.s. generat ed, manual | 30 5. A npethod according to claim
2, claim3 or ¢ glfyr%lr% s\ﬂfg]rngl%daéaa{%cge%‘éfeﬁn(g r?épor%lg%(?’flptﬁf%?%@:%c%&zg’ﬁeeaﬁmsi c
descri pt or &f gsiaaliat odtisrisng thefmbet dakpduct i on. WO 02/ 052565 PCT/ SG0/ 00197
59 6. A nethod for editing input data to formoutput data, said input data
and outlfut data both including at |east one of visual and audio data, the

et hod 1 nct udi e SUERSorRlion ol &5 lotiAtnl LAMMED: BEiERAkaSOUT o0 ONe of

nore pre-generate SCri

using (i) said input data, (ii) said descriptors, and (iii) said style information, to
generate a set of edit decisions, the set of edit decisions specifying a set of editing

15 operations to be performed on said input data; and

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

material.

20 2. A method according to claim 1 including a step of supplementing said
descriptors with additional pre-generated descriptors received from an external source,

said additional descriptors being used in said step of generating said set of decisions.

3. A method according to claim 2 wherein said additional descriptors include

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

4. A method according to claim 2 or claim 3 wherein said additional descriptors

include descriptors generated manually.

30 5. A method according to claim 2, claim 3 or claim 4 wherein said additional

descriptors include music descriptors generated during music production.



characterizing each of a plurality of portions of the input data; defining
style information for controlling the editing of the input data; 10 using
(1) saidwapuos28eta, (ii) said descriptors, and (iii) sai BCESGHE00197
information, to generate a set of edit decisions, the set of edit

deci sions specifying a set of editing operations to be perfornmed on said
i nput data; and generating said out put Hat a by perform ng said set of
operations upon said input 15 material. 7. A nmethod according to any

precedi ng ¢l ai myi i Jd. ut .data ¢ rises.,notli vi deo _data pl us
an associ ated Séuxﬁgp?%gtﬂ_e a%gé‘?p%&\%ﬁ%ttﬁiodnﬁ%@g@dﬂaﬁgsaﬁ%I%H;S%?éﬁ 8¥RYt cl ai m
in which saitd bothtiptlhdid@ belesR BPE bSEiSual and €66 A6EA, BE nidTRAERCRUME tBésteps

associ ated soundtrack. 9. A nethod according to any preceding claimin

whi ch sai doget of operations include operations of at |east one of the
foll ow ng types: segnentation, selective 25 inclusion, sequencing,
transformati on or conbination. 10. A nethod according to claim9 in which
sai d i nput dat ardceivingdesn an sxtainatisduace @airechr nsat gre-gempadiar dstiigiorsoper at i ons

i nclude nodificati.on o he cql or .of one or nore parts of an imge defined
by said in acggfzér}g %36{1 @W&Q%BOW Q&B}rﬁ’(ﬁ%& 60 11. A nethod
according to claim9 or claim10 in which said transfornmati on operations

i nclude nodification of the playback speed of one or nore parts of said

i nput  mat er i al defBungstyla imferrthadnafoc oerdrodling the adiying bf theanprg datat 0 11 i n whi ch
sai d conmbi nation operations include video transitions. 13. A nethod
according to any preceding claimin which the step of defining the style

i nf ormapi on is peRd Qy mingm &ed, €H) $aidQ0Bp0fs, Bndlily @id §t¥le%foﬁh§ﬁ’&i kgred sets
of style 10 information based on said descriptors of the input data. 14. A
met hod acc8¥raiga e oA git decidierf ty sef of edit deciainng rpesifyngstsgt ef ¢diting nat i on

operations to be performed on said input data; and

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

15 material.

7. A method according to any preceding claim in which said output data comprises

motion video data plus an associated soundtrack.

20 8. A method according to any preceding claim in which said output data comprises

a sequence of images plus an associated soundtrack.

9. A method according to any preceding claim in which said set of operations
include operations of at least one of the following types: segmentation, selective

25 inclusion, sequencing, transformation or combination.

10. A method according to claim 9 in which said input data includes visual data, and
said transformation operations include modification of the color of one or more parts of
an image defined by said input data.

30



i ncludes a preferred segnment duration paraneter which influences the
duration of segnents of the input data incorporated into the output data.
15 15. Awebhextseccordi ng to any precedi ng clai min whi chP€EsSQOEINYE
information includes one or nore target values for respective descriptors,
and said step of generating the set of operations conprises selecting, for
inclusion in the output data, one of Mdre of the plurality of portions of
said input data according to a calculation of 20 the proximty of a) said
target value or, K values and b) the descriptors faor, each said portion. 16. A
met hod accblr di nfy mRcsbed ahORARCEE to/elaRm LoT claiitl i RIS Hanstemaies

d acc! : AEB RS a
- etk P R T S R

enpl oys a mefeghlti ng of the descriptors, whereby sone descriptors are nore
significant in the calculation than others. 30 18. A nethod according to
any preceding claimin which the order of portions of the output data is

equal te, mr atAlaBdd &Rbi@icioady Whthimd € Of BeKhith sl RohBRalifput data of
correspondi ng portions of the input data. WO 02/052565 PCT/ S&0/00197 61

19. A net hengraivas inplyds videodrapsiipasedi ng clai min which said style
information contains |ocation data associated with |ocations in the output
data, the location data being enployed to generate the set of operations

whi ch prodifce tAenahéPadcotiidgtoaiy pheeding akeRGh ahech thes@p bOBSiniddtheA Met hod
according to ¢laim19 in which said | ocation data includes a plurality of

dat a sect i $H§ Inferpptious Redermeddy selerting enaseid Rl tiphnedstiacdpetypf Bylsect i ons
of the, 0?‘&%8@% BaRAOnREIG s 8sls B?thg‘?ﬂdﬁlt%ﬁ. the set of operations which

produces respective sectron or sections of the output data. 21. A
met hod according to claim20 in which said | ocation data includes at |east
one 14. 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.
15
15. 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 the plurality of portions of said input data according to a calculation of
20 the proximity of a) said target value or values and b) the descriptors for each said

portion.

16. A method according to claim 15 in which said calculation includes a
normalization of the descriptor values of each said portion of the input data.

25 A
17. A method according to claim 16 in which said calculation employs a weighting

of the descriptors, whereby some descriptors are more significant in the calculation than

others.

30 18. A method according to any preceding claim in which the order of portions of the
output data is equal to, or at least correlated with, the order within the input data of

corresponding portions of the input data.



paranmeter which varies as a function of |ocation within the output data,
whereby said edit decisions are influenced by the |ocation within the

out put dav@owbs2sése section 15 influenced by the deci si onsPCPRGOMEL hod
according to claim21 in which the |location data varies periodically wth
| ocation in the output data. 20 23. A nmethod according to any preceding
claimin which said style information éincludes data generated froma
probability distribution. 24. A nmethod according to any preceding claim
further including receiving froma user a manual input identifying one or
nore el ements of said input data and specifying, 25 for each of said

el enent s, e o : i | .- be edited into
sai d out pu@dat‘%fﬁ@%& %%ﬁ@?rﬁ%tg%%gi)ger%a%ﬁﬁé cfa%hg%?hgc;ﬂgsgfedd%tﬂatugpg?a%onf urt her
i ncl udi ng ¢oncansMbegiohrdam @sodisted with idvatiehs inARdIdutpeditd, iglgedtidatdamegment s of
sai d out put ,data shoul d be replaced, and 30 nodifying the set of
oper at i onsPRE gapleyed to generate tg? s¢hod Pperatipns yeieh prodace Be ogwnkdata atibe modi fi ed
out put Gatﬁs&&htmo%&%édai s replacenent is effected. WO 02/ 052565

26.

PCT/ SG00/ 00197 62 A met hod according to claim25 further conprising

using said descriptors to suggest to the user segnents of the input data
resenblin ai d, segments of the output _data. be repl aced, erepy the
user may g%(il deAlI%e(%]F fesepiinggLlal rfBﬁ’th%’f Sat“i]]g’cﬁt_éﬂrb fa Inghigs %/(PHPF??‘F ose
segent s Odf daResebiitist cbfldta Sctfoh belndBEN ISt R GLAIHRY nidfe FMMoRY &GRAI ng claim

further conprising receivi n((i:) froma ~user an input indicating tine-critical
vi sual evepitputidgtapaddeingritsdd o gemerséa the eeflcdopetiatiens Which prasluaesshe of sai d

out put pro i r{.orm' sai i gnnment using said descriptors.
20 bg. R rr%?l?cmet(%g%;%eég}&g Pﬁ%@c 18nsa°rf§9%?‘§8%&?‘#ag claim further including
generating a data structure representing said set of operations, the data
structure havi ng subst anti al I%/ the . . ) ) )

21. method according fo claim 20 in which said location data includes at least one

parameter which varies as a function of location within the output data, whereby said

edit decisions are influenced by the location within the output data of the section

15 influenced by the decisions.

22. A method according to claim 21 in which the location data varies periodically

with location in the output data.

20 23. A method according to any preceding claim in which said style information

includes data generated from a probability distribution.

24. A method according to any preceding claim, further including receiving from a
user a manual input identifying one or more elements of said input data and specifying,
25  for each of said elements, one or more aspects of the way said element is to be edited

into said output data.

25. A method according to any preceding claim, further including receiving from a
user a manual input specifying that segments of said output data should be replaced, and
30 modifying the set of operations to generate a set of modified operations for generating

modified output data in which this replacement is effected.



structure of a tree. 15 29. A nmethod according to claim28 further
conprising displaying the data structure to a user, and receiving inputs
fromthewageroizneh cati ng portions of the data structure tBCT/RGAI/GYIT he
correspondi ng set of operations. 30. A nethod according to claim?29 in

whi ch the user may indicate portions of the 20 data structure which are
provisionally prevented from being nodifi ed. 31. A nethod according to any
preceding claimin which said descriptors include a human-probability
descriptor for each of a plurality of elenments of the input data, the
human- pr ob2@i | | Aymethsdadcptding toagdaias2hfurthgr onpridhpbisind said datrigolstean bei ng
is present in 25 ﬁ%Ch el enent Q(f)f said jnput material, and said step of

gener at | ngSugeeito ‘Eﬁeﬁe_&‘F‘F%tﬁ ﬂ&éﬁ%@é‘@@s“i?ﬁé’ﬁ@ﬁi%‘ﬁs“%@@%fEbﬁ Uit el ement s
of the inpgf gﬁﬁ@reﬁﬁﬁed’,‘@hﬁﬁb&hﬁe Y&k Hﬁgf%%ciﬁ@'t&jre{a HERHYsP Ec%lﬂ?e%'t bi dh¥ ogﬁ)ﬁf; riptor

is high are nore frequently incorporated into e out put ata th

el ement s f data whthdhoselsegrhentniof the adyatvidhtiat y descriptor is low. 30 32. A nethod
accordi Eg to any preceding claimin which said descriptors include at

| east one canera notion descriptor for each of a plurality of noving inage

el ements 0p7. t h& théiRe acddBidingMd 41 JrERUBSRMMTBMIA G ohiFRERcd8lAving BS
caner a- noti on descriptor V\D%/(ZHIOQE’SIGS I%%T/ éI&)Ol 00187 63greprelrsléent imnzb for

each respebir geinpubinditetiog tegresisicelovisial eventsiie bealigned with particalat Goeeid  t hat
el ement e T DERIBFERTE b BT SOL) sabetle A0 SR, € o

generating a set O perati ons gener the el enments
of the inpdéscrpbss. f or which the value of said camera notion descriptor is
| ow are nore frequently incorporated into 5 the output data than el enents

for whi’®h the canera notion descriptor is high. 33. A nethod according to

any precedyfg Ck%é&é&’éécﬁﬁﬁn% fb%gqug&gﬁlfgﬁa%ﬂ g]rﬁ'l@lr %[cgfdg‘% %e?lgrafiﬁg? ig}:ﬁian 9,

froma user, signals to determne  sal nput ~ dat a, orms Step of

def i ni ng sstylcture rdpossemtingwaid sehdf bperations) the data girdctatedmvidg sybstentadlynle t he set

of deci si ons gnd 18 said step of generating the output data. 34. A nethod

accor di ng P0*°HHy °b¢ B&%ding claimin which said output data includes at

| east one overlay, said overlay conprising at |east one of text and

gr aphi cs.
15 29. A method according to claim 28 further comprising displaying the data structure

to a user, and receiving inputs from the user indicating portions of the data structure to

modify the corresponding set of operations.

30. A method according to claim 29 in which the user may indicate portions of the

20  data structure which are provisionally prevented from being modified.

31. A method according to any preceding claim in which said descriptors include a
human-probability descriptor for each of a plurality of elements of the input data, the
human-probability descriptor representing a probability that a human being is present in
.25  each element of said input material, and said step of generating a set of operations
generates operations for which the elements of the input data for which the value of said
human-probability descriptor is high are more frequently incorporated into the output

data than elements for which the human-probability descriptor is low.

30 32. A method according to any preceding claim in which said descriptors 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



15 35. A nethod according to claim34 in which an overlay is animated. 36.
A net hod according to claim35 in which said input data includes nusic and
at | eastwonpopsssanet er of the animation of said overlay perTdetwiomdmed by a
musi ¢ descriptor representing a characteristic of said nusic. 20 37. A

met hod according any preceding claimin which at |east two of said steps of
defining said style information, gener&ing said set of operations, and
generating said output data, are initiated by different, spatially

separated users., 25 38.. A net.hod, according to any preceding claimin which
sai d st epd*RIFSGERE ?ﬂrﬁﬁ"kéréﬁwcuﬁ §lementz g‘i"%’iﬁ’c ‘iothl‘;hﬂleﬁéWéFaa‘ﬁ’ Kl cellgctrdset of
deci si ons 1gfiQ]dpeht RLIBRMAvEY whdn thaleldRGh walRBllechRA ThbEEF t@%of‘%&ieﬁiﬁﬂgﬁ are
transmitted to a second uSer operating an appar af us W ih Bocess 16t he
i nput dat s¢t efroparatiopsygenemtesafperatioas e odnich ths elenientstafdhe mguisduitaifos twdyichof

gener ati ng, sai,d utput data..usi,ng said set, whereby the.second user may

i nspect ngl%mlu%%fsglc&agbe[r%goggn 3‘6&518&’& 15 %WS%I‘ © 0Oey ﬁﬁﬁ/‘leﬁgﬁt‘mtof:%’rﬁgg o
transm$ nedb@pataiat thawelesRhd fbf Which UsEdantcPa $81i6h 88CAPG: iMseK.. WO 02/ 052565
PCT/ SG00/ 00197 64 39. A nethod according to any preceding claimin which

sai d descriptors include mcro-descriptors associated with short sections

of at lea par i ] ] -descri ptors;.bei ng used to
derive edi%?i ng %p%%hgﬁ%?dgﬁﬁgﬁ%gﬁi gr(f c g‘ﬁ}ﬁéjf]ﬁg‘}l g{@ﬁggnf&udélp aePrg%IPWbar? A&Pedi ti ng
oper at i onftredeiting)@rolva tifee, Boial ewplerdinh@ saRGhp@tpto pditorinvaid stgpsf, 5 in
conbinatiopn_wth, or to counteract, said style information. 40. A method
accor di ng 4e6nmEshy wommatign; and tp anitiate gaid stepraf eerraating the setefdgcisings anh o

m cr o- @S Ghidnky § Rh& BeicalRf gyt h sections of said nmusic on a tinescale
of nusic barsé%{)r gg o?te . fg@g A met hod according to any of clains 1 to

38 in which said input data includes nusic data, said descriptors
i ncl udi ng cro-descr,i ptors describing a conplete piece of mysic, said set
of operatidns o5 OB@E‘F‘HQWS o\ B@FE&%%EHNB&WQICB@?&@%é?taﬂ%u‘{?é fhg

least one overlay, said overlay comprising at least one of text and graphics.
15 35. A method according to claim 34 in which an overlay is animated.

36. A method according to claim 35 in which said input data includes music and at
least one parameter of the animation of said overlay is determined by a music descriptor
representing a characteristic of said music.

20
37. A method according any preceding claim in which at least 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.

25 38. A method according to any preceding claim in which said steps Qf defining said
style information 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 set, whereby the second user may inspect output data created by

30 said first user without the need to transmit media data from said first user to said second

user.



portions of said style information sel ected using said macro-descriptors,
and mcro 15 descriptors describing sections of the piece of nusic. 42. A
met hod aox@PAdNgest o claim 40 or 41 in which one or nore oPCHaGW/@e7 of
operations are determ ned by applying a time-dependent threshold governed
by said style information to a tine-variant set of values derived from
said mcro-descriptors. 20 43. A neth®d according to any preceding claim
in which said operations include operations to be perfornmed on data in

said input,data,relatjng to a first dia type, . and . are derivyed dependi ng
on data i P%ai dAI eﬁﬁqd a&g‘?réh_ atf’&fl?'ﬁﬁecf ngc %WhWE‘CFP’_él e§?)‘él?t°r§5n‘g‘4£e A met hod
accordi ng mixrédadchpthds és@od@ﬁb&@iﬂl%goﬁ:g\écﬁfon%ﬁt%arwﬁﬁt b5th8RiJuPBaty] A& gi and

the second nedia type is nusic. 45. A method according to any preceding
cl ai min whiceordessaipionpbaingiaged to detivekskiting histsuvidelr areusets sotheatepdfni t h a

notion vid L and . sai d,set .of, operatiqgns nixes 0 .portjons of
sai d soun e‘rﬁg{:aﬁﬂ%ﬂﬁe%é@gao btpLiops ge(@% t glepcg)pleg)ro&ag{g LS Oéﬁ'ée IBPL.“ d?&"‘l’ ecting
sai d post i ianentdinasionMdih] ect caameradt, Beidisey1d MGirmatbli 0 Characteristics, WO
02/ 052565 PCT/ S0/ 00197 65 determ ning when to mx in said portions of
soundtrack according to the value of nusic descriptors, and 5 | owering the

vol ume of gpid Mtﬁ%flﬁg&d% tﬂ c%&tﬁﬁﬂ%h?% 1?181'1&%&5 ﬁgllﬁdgg Sk égtgi and " 46. A
conput er program product, such as a’recording nedi um carryrng program

i nstructi osasl mivreidesriptoreadabdoeidyd witle sstpivhesf sajdpansit us aaimgkspdle 6h cause t he
conputer 10 .apparatus, to performa nethod according to any precedi ng
claim 47.m}&ﬂcg%stofﬁ]b°r?f/stem for editing input data to form output data,
said input data and output data both including at | east one of visual and
audi o data, the systemincluding: 15 analysis neans for analyzing said

i nput dat &t o gémesthadecoprding tormoy of debuy | pt 3 in widblasad irgui ditagnobaieh of a
plurality of

.oqrtions.of .the.i t data; .style defini.tion nmeans .for
def i ni ng SOYTE PArBRFAFPIRIORARCl e et dgretmarsalroorigs & complete piece of
music, said set of operations to be performed on said music data being generated using
portions of said style information selected using said macro-descriptors, and micro-

15 descriptors describing sections of the piece of music.

42. A method according to claim 40 or 41 in which one or more of said set of

operations are determined by applying a time-dependent threshold governed by said

style information to a time-variant set of values derived from said micro-descriptors.
20

43. A method according to any preceding claim in which said operations include

operations to be performed on data in said input data relating to a first media type, and

are derived depending on data in said input data relating to a second media type.

25 44. A method according to claim 43 in which the first media type is motion video

and the second media type is music.
45. A method according to any preceding claim in which the input data includes a
soundtrack associated with a motion video, and music, and said set of operations mixes

30 portions of said soundtrack with said music so as to perform at least one of:

selecting said portions of soundtrack according to their audio characteristics,



of the input data; 20 construction neans for using (i) said input data,

(ii1) said descriptors, and (iii) said style information, to generate a set
of one owowres2eehi t deci sions specifying editing operatiPOFSGo/ (997
performed on said input data; and 25 rendering means for generating said

out put data by perform ng said set of
48. An editing systemfor editing inputtdata to form output data,

sai d

operations on said input material.

i nput data and output data both including at | east one of visual and audio
data, the systemincluding: 30 neans for receiving one or nore descriptors

characterizing each of a plurality of
02/ 052565 PCT/ A

portions of the input data; WO
Whe®® HiinSafie bbifohs @ﬂ"soﬁﬁ@@a%kfaeéoraﬁ{ It5 {0y apley | ©

i nformation for contrl})%gl ing the editing of the input ata 5 construction
means for usi nng(ﬂill)Sl%@S@rmtﬁlrSuQnCHat a, (ii) said descriptors, and (iii)
style information, to generate a set of one or nore edit deci si ons

speci fyi ng editing

operations to be perforned on said input data; and

sai d

renderi fig meansoweringthe @ohime¢f saii Mudtivdeh sdlabartidvs PEEFudAFhdkErs dhiteget oOf
operations on 10 said input material.
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46. 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.

47.  An editing system for editing input data to form output data, said input data and

output data both including at least one of visual and audio data, the system including:

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

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

style definition means for defining style information for controlling the editing

of the input data;

construction means for using (i) said input data, (ii) said descriptors, and (iii)
said style information, to generate a set of one or more edit decisions specifying editing

operations to be performed on said input data; and

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

operations on said input material.

48.  An editing system for editing input data to form output data, said input data and

output data both including at least one of visual and audio data, the system including:

means for receiving one or more descriptors characterizing each of a plurality of

portions of the input data;



10

WO 02/052565 PCT/SG00/00197

66

style definition means for defining style information for controlling the editing

of the input data;

construction means for using (i) said input data, (ii) said descriptors, and (iii)
said style information, to generate a set of one or more edit decisions specifying editing

operations to be performed on said input data; and

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

said input material.



