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novice therefore is forced either to “make do™ with whatever the novice may create quickly

or to spend a lot of time exploring alternatives. °

A number of trends are creating a need for a radically different video production tool. One .
such trend is seen in the rapid growth of the amount of video material being shot or recorded,
particularly video material shot by non-professionals. Technological developments or g
breakthroughs resulting in products such as Digital Video (DV) cameras mean that more and
more video material are shot or recorded in digital format and of professional or near-
professional technical quality. However, the cost of editing this type of video material using

traditional tools is prohibitive in many cases.

Another trend is seen in the extension of the video material v1ew1ng paradigm beyond -
familiar broadcast and VCR paradigms. Viewers want increasing control over video material
being watched, for how long, in what sequence, etc. This trend is particularly true for non-
fiction video material in educational and professional environments, This trend also implies
that there is a growing need to make bodies of video material available in multiple forms, for
example, in video productions of different lengths, with different emphases, aimed at

different audience demographics, etc.



WO 01/ 45391 PCT/ SG9/00142 2 Yet another trend is seen in the

exponent i aVOP1IMIB8t easi ng avail ability of the anount of vi PEI/SGIB04R g
available in digital format and on the Internet. This trend drives a

growi ng need for effective description of video material by using )
descri pt t . V] ter . : ; ' r ose
may b r Y a08e RS e G B RhiPnuRRLBERREL BBy SOL e GRS e
use of depfErdbesiRblelhdigital forpiaeaid dnthe iternet. Thisteendrdrivest growiag need for i al
description _today_ driving standardizatiqon efforts suc}aﬁas t he. Movin

Pi ct ur es affeptye desenition of Videpmesterial by ysing descrploRs: 5¢ thaf yidsn mpgaeal apRe rd.
However, a _naLo AR Sos e arises
fromtwo €& c%%§%§ é%ﬁ?—lﬁ? SP ;ﬁt%f%feag%%}?%gy S)?gv%fuatﬂ %)C}Srwat&%gf‘ﬁ%gﬂ extracted
from vi defirgiigh tHeiudk ofi@dsBiptotsy EHereis gteasinterext irl the assadd videatneatérial deseription
therefore associated with such video material tend to |lack semantic power
because tthdayedrivingstindardization efforts suchpnthedMeying S1gheres Experts Group ﬁsz?é"&)i ngf ul
in the ordinary .cont ext t . r ,

Al t hough SERGRFPRRM & BAIERGTT benatfy  BREhEh Bl callle 488 en SRERUY.
material i aRdige BRdeS Foly v dohislembitary Facts. VIieltly, desoriprots awtorhatizhlly t hi s
process is tedious and tinme-consum ng and therefore the process-may not be
cost - ef f eaxtracted framnidse materal using signal analysiscof thewdeo matepiakand ‘ﬁ"rﬁ %eed for a

vi deo producti.o | 4t hat . | : a0 trends.
SUMVARY e st g SRR gtk SRR R ol et R0 6
descri pt o8 Idwrievé] 1d@R usEfubtol Al Mngﬂﬂ@ﬂfeotdiﬁarﬂ%nﬂekﬂm&obanndm&mﬂaby ng a
vi deo production process is provided. In accordance with a first aspect of

the i nvermpsimusers Ssrondiy although serantically Raveratil dessrntersmay be aysgeirigd gathThe
system i ncl,udes ns..tar i s I Ji east one
val ue t he‘fléi%’“ﬁ%ﬂg‘g’g 3’3}{% nﬁg W%'@aeﬂ%e e%ﬁgégé&@%ﬁrowgogiﬁlb%s% %%Esl ir‘?cl udes
means f oriedidGaitirhéGordmony d tharefteothe pesbdss haymdtiberostteffeetiss intmamyi deo
segnents, including nmeans for. selecting the at |east two video segnents
accor di neepplcatignsies of at | east one descriptor corresponding to the at
| east two video segnments and neans for sequencing the at |east.two

Hence, there is clearly 2 need for a video production tool that addresses at least one of the

foregoing trends.

SUMMARY

A video production system for facilitating the creation of descriptors for video material and

use of the descriptors for automating a video production process is provided.

In accordance with a first aspect of the invention, a system for processing video segments is
provided. The system includes means for creating a descriptor and ascribing at least one
value thereto corresponding to a video segment. The system also includes means for
assembling an output video production from at least two video segments, including means for
selecting the at least two video segments according to values of at least one descriptor
corresponding to the at least two video segments and means for sequencing the at least two
video segments according to values of at least one descriptor corresponding to the at least two

video segments.
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In accordance with a fourth aspect of the invention, a system for describing video segments is
provided. The system includes means for creating a first descriptor and ascribing a first value
thereto corresponding to a first video segment. The system also includes means for grouping =
said first video segment with at least one other video segment according to values of at least

one other descriptor corresponding to said first video segment and said at least one other -

video segment. The system further includes means for ascribing said first value to said first .

descriptor corresponding to said at least one other video segment.

In accordance with a fifth aspect of the invention, a method for describing video segments is
provided. The method includes the step of creating a first descriptor and ascribing a first
value thereto corresponding to a first video segment. The method also includes the step of

grouping the first video segment with at least one other video segment according to values of
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reference to the drawings, in which: Figure 1 a illustrates a GJ of one
vari ant tothefirstidgeasiptorsatresponding yosthe at least one pthgr videwspgmenstibodi ment of t he
i nventi on;

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention are described hereinafter with reference to the drawings, in
which:

Figure 1a illustrates a GUI of one variant of a video production system according to one

embodiment of the invention;

Figure 1b illustrates a GUI of another variant of a video production system according to

another embodiment of the invention;
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accor di ngota/4s3mot her enbodi nent of the invention; W 01PCTB6%9/00142

PCT/ S3¥9/ 00142 5 Figures 2a to 2d illustrate a GUJ of a further variant of
a video production systemaccording to a further enbodi nent of the

I nvention; Figure 3 is a flowhart ill#istrating a scenario on using a
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illustrating a process for rapid propagati on of manual déscriptors in the
syst ento g empbodimeitrod thepinventions | owchart illustrating a process for
propagating a descriptor value to segments in the- systemin Fig. 3
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in the systeE] in Fig. 2; Figure 6 is a flowhart illustrating a process
for auth§MB¥eBO%eqrent ation of input video material in the systemin Fig.
2; Figure 7 is a flowhart illustrating a process for top-down
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flowchart illustrating a process for bottomup conposition of Segnents in
the sthesysteminFigy2; 2; Figure 8b is a flowchart illustrating a process for
mergi ng segnents in the systemin Fig. 2;- Figure 9 is a flowhart
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sequenin thg sy th Pig. Biescri ptor values; and Figure 11 illustrates a.
general - purpose conputer by which the embodi ments of the invention are
pref er Igl 1bg|u¥e 5I gpal f?on\;/ec?ltaxetqﬂus\é\lz?tigé ég?o%gsls tlggtlltaﬁt% ge%n%%tation in the system in Fig.

2; |

Figure 6 is a flowchart illustrating a process for automatic segmentation of input video

material in the system in Fig. 2;

Figure 7 is a flowchart illustrating a process for top-down decomposition of segments in the

system in Fig. 2;

Figure 8ais a ﬂowchart illustrating a process for bottom-up composition of segments in the

system in Fig. 2;
Figure 8b is a flowchart illustrating a process for merging segments in the system in Fig. 2; - -
Figure 9 is a flowchart illustrating a process for automatic segment selection in the system in

- Fig. 2;

Figure 10 is a flowchart illustrating a process for automatic sequencing based on descriptor -

values; and

Figure 11 illustrates a general-purpose computer by which the embodiments of the invention

are preferably implemented.
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pr ocess nadteri#l uiiy't@ combied 1@ foeinl video productions, for example, prior to a conventional

video editing process. The system may further support a user who wishes to create video

productions from a body of video material. Furthermore, the system may support a user who
wishes to create descriptions of a body of video material to enable retrieval and re-purposing
of the video material at a later time. Still further, the system may support a user who wishes

to carry out other tasks related to video production and description.

The capability and effectiveness of the system depends on the way that the system allows a
user try out many possibilities easily and quickly in a semi-automatic manner in video

production work.

The system may be used as a tool for video re-purposing, editing or archiving in many video
production scenarios. In one such scenario, a user may reuse video material from an existing
video production to create a new video production. The process of reusing video material is

known as "re-purposing”. In another scenario, a user may utilize a body of video material to
create several different, but related, video productions having, for example, different

duration, different target audiences, etc. In a further scenatio, a user may explore many
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The system also provides a graphical user interface (GUI) featuring a 2-dimensional (2D)
grid where one axis relates to the segments of video material and the other axis relates to the
descriptors. The 2D grid simultaneously shows a representation of the video content (e.g. by
. keyframes) and/or the audio content (e.g. by waveforms), and the values of multiple
descriptors (e.g. as numbers or in graphical form). The GUI supports and inter-operates with

the set of tools for describing and re-purposing the video material.

When given a body of video fnaterial (hereinafter generally known as the “input video
material”’), the system provides means for a user to essentially do two things. Firstly, the user
is able to create a new video production (the “output video production”) from the input video
materieﬂ. This is achieved by the processes of segmenting the input video material, selecting
a subset of the segments, and sequencing the selected segments to form the output video
production. The three processes of segmentation, selection and sequencing are performed by

the system according to the values of descriptors, or performed manually by the user.
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The input video material may consist of previously edited material (such as one or more
complete video productions originally created for a different purpose) or unedited raw video

material which is being assembled for the first time, or any combination of the two.

The system provides such means by combining the functions described hereinafter.

Slicing of the input video material into segments

The system operates primarily on video “segments”, which are contiguous pieces of the input
video material of any temporal span. Automatic segmentation may be achieved using known
techniques such as “shot boundary detection” or by other techniques such as detecting
significant change in the value of one or more descriptors. Segmentation may also be
petformed or fine-tuned manually. Also, in some cases the input video material may consist
of a set of separate segments which do not require further segmentation, or a mix of

individual segments and video material which requires to be segmented. So segmentation is



material which is being assenbled for the first time, or any conbination of
t he two. WOB®4339st em provi des such neans by conbi ni ng t hepéysGHy/NR
described hereinafter. Slicing of the input video material into segnents
The system operates primarily on video "segnents”, which are contiguous

pi eces of the input video material ofg any tenporal span. Automatic

segne IS ariB i i Mﬁy& | -"shot boundary
det ec%gﬁlbggr byp%?ﬂgglgtsgeéﬁﬂ’l%lﬁgggguc asbfﬁgﬁﬁgsn@%g%s%é nt change in
t he vampiennteshie allrvariente ofithesystemor s. Segnent ati on nay al so be perforned
or fine-tuned manually. Al so, in sonme cases the input video material may
consist of a set of separate segnents which do not require further
segnentation, or a mx of individual segnents and video material which

requi agorpero SR BRiation oPAek PGB i sepmelfd 01/ 45391 PCT/ S@9/00142 9
an inportant aspect of the system but segnmentation by the systemis not

neces S likscliptor 1A BN Sifbyd 8t Pldta YRICHRE Wil bt XoHE thar QEALRA! | 0N and
creation of "descriptors for the segnents lescriptor I's a plece of data or
a dat segmentc Desexiptbs mmaychessimpleemnernicey ahies,vactoes, nmtrices, ahultidirsagional
Descriptors nay be sjnple nu I.c val ues, yectors, matrigces,,

mul ti df Hgief}‘ﬁéﬁ’s’ ﬁﬂﬁ#?g‘??'@u%sn{a% ftpogs ﬂ@g‘ft‘éaﬁeﬁpff&fmy grginateinseveral,y ot c.

Descr ivadys Ex&lﬁﬂiﬂg:Qﬁiggftﬁﬁ’&rf‘oﬂd%sc?ﬁ)‘(&é BleatedAY Sorhé EarHEl tie, sWPPR dARLAHRBrsOT .
descriptors creat at sone earlier time, such as descriptors ‘enbedded. in

t he vicinhsddesd mthevideematesiol; ieymactioné desciriptass by signaliagalysisanathgsi s or ot her

process| . | deolaudi o _content :  nmanu entry: and.fornulaic or

al gor ﬁ)?#r%?s&x? %gﬁlﬂgé/ﬁegﬁudprcgﬂtegﬁ é‘bac““n‘ré“gﬁfe?‘b‘ﬁqm }lt@'%qt a?&?é’ ng&éﬂa&%i ptors.
An i Mfrnh asét JTRRE df Mok oftthe ot d&ttibtors. Meh infoRtuhEleRfirdbS the EysimIOME in

whi ch additional descriptors nmay be specified and created €asil by

bui | diPFRyitipn af afamewerk iaxhieh pdditional desseiptors may be spesifiad and cma&%@p’éhdent on
or resi, e ] | 1 ' : ' Aut tic
ceqron e B g Sitifpiofy HOMVER HEHRER 5P el o o HBIR | ) g
as paibly thé¢ adtiral spedifications osdescyiptoduct i on) accordi ng to whet her- t he val ue . of

one or nore of its descriptors match certain .

Automatic segment selection

The system allows a segment to be selected (i.e. included as part of the output video
production) according to whether the value of one or more of its descriptors match certain
criteria (e.g. fall into a certain range). This function allows the definition of different output
video productions automatically by selecting different subsets of the segments of the input

video material.

Automatic segment re-sequencing

The system also allows segments to be sequenced (ie placed in an order which constitutes an
output video production) according to the values of one or more of the segment’s descriptors.
For example, segments may be sequenced in the order of lower values to higher values, or in
the order of distance from a given value. This function allows the definition of different
output video productions automatically by sequencing segments of the input video material in

different ways.




Criteria (e.g. fall into a certain range). This function allows the

def i ni ti onWOf01d%3P1 er ent out put vi deo productions aut onat iRCAVSGHIIOY142
selecting different subsets of the segnents of the input video material.
Aut omati ¢ segnent re-sequencing The systemal so all ows segnments to be
sequenced (ie placed in an order which dlnstitutes an output video
production) according to the values of one or nore of the segnent's
descriptors. For exanple, segnents nay be sequenced in the order of | ower

val ues t guftinSiRY coistriiCiion ﬁ‘;ﬂc‘i‘ﬁfﬁdgﬁpg?&"}."%@f di stance froma given val ue.

This function allows the erent output video productions

G or erir g R e RN AL By RRR i i Gick BE e HpOE R B bt et o
new vi deselqeteddegments inthe amyerit segnehdte Tseis adkigved, S ekitgplo BydmbuseclieRing
productiop cqrresponding to the current set of selected segnents in the

current % nEanspert centrol mytke ({28 showyp indiiguses & angyd. Ehe user wWhowishes to a' 2w

c . ) ) . o oh

i ahant Hios Qe dofbe e phodByorl Ay thdtelohOMEBly koAl of pe-didfiadtBShe 0P

r esel ectvideo meteselpcendingitbe descrigton valtand alickathe (Pl hgarispor cortsaly Spétodn val ue

and click the " Play" trapspprt,control. Such an operatign in mny cases
i nvol vesCRETAIONIR Maky Gases E?"Pﬁ’ﬁy“%tt’”"é%‘ﬁe(‘}ﬂ?lﬁfg" ¢Achoutpyt ¥idee progictiononce t he

h ' i '
user hasphQiiféhyasn h_QéJfolBF& atf b \lﬁ’c W6 MicBBn ff%}g{%%tg]ﬂﬁest{‘%gﬁer; i}%&gﬁ@ﬁ%@s

requirenments (typically 1nvolving 'sone nan
aut omat i {typeadiyemtalving some lanudl iadjustérent aquelhas awggmaticlsegmentntiorg geleotiprr& t hi s

i s Foiarshin e et i e RIOR) 268 Snal il shlef orRREGT Brtthn ol s
the i nseyatiaftd oPthe\system this Ffekibh gga? be SiispleRented By 2 trifStiorPitd ettt ivihich

transitions (such as cross-fad between segnents; these transitions

serve t tllomiedhe insertion plivided tansitions ueh aodissolvesand; aydiol trapsisiods @uﬂairl:ib yd
| [ | f ' d it | .t aat i [ t
D e (oo bandn SedeR B RO il e Sl il SRR st o

10, more visually and aurally pleasing.

Variants of the system in accordance with alternative embodiments of the mnvention and

attendant operations are described using Figures 1 to 10.

Graphical User Interface (GUI)

Figures 1a, 1b, and 2 show the main elements of the display of three system variants
according to three respective embodiments of the invention. The GUI of a first system 100
according to a first embodiment includes a Grid Window 102, a Monitor Window 104, and

an Overview Window 106 as shown in Figure 1a,

The Grid Window 102 is the main workspace for the first system 100. The Grid Window 102
shows the segments of the input video material (one per row 108) and the set of descriptors
(one per column 110). In addition, a special column 112 is used to display video
“thumbnails” which let the user see the current selection and sequencing of segments. This is

supplemented by a second column 114 displaying a set of “audio thumbnails” which consist,
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segments.

Thirdly, the user applies segment selection rules by which segments are included or -
excluded from the output video prdduction according to the value of one or more
descriptors. This is illustrated in column 9 (the “Information Content” descriptor)
where a segment 118 is excluded because the value of the segment 118 in respect of
such a descriptor falls below a certain threshold, while all other segments are -
selected. The user interface mechanism for performing this operation consists, for
example, of a single mouse-click in the cell of the “Select” row 120 for a particular
descriptor which then results in making such a descriptor the one, or one of several,
controlling selection. The specification of the selection rules, for example the
threshold value, and the way that this descriptor should logically combine with other
descriptors when several descriptors ére used togethei' in the selection process, is
controlled through a user interface mechanism such as one or more dialog boxes

which pop up when the user right-clicks in the same cell.

Fourthly, the user re-sequences the segments according to the value of a descriptor. -

This is done using a simple sort-by-value (eg from lowest to highest value as shown
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Overview Window 106. As another example, the current position in the output video
production is indicated in all three windows by a small triangle 124 in the Grid Window 102
and the Overview Window 106, and by the presence of a certain frame 126 in the Monitor
Window 104. When the user clicks the Play control 122, the output video production is
shown in the Monitor Window 104. At the same time, the small triangle 124 moves down
the right side of the Grid Window 102 and along the top of the Overview Window 106 to

show the current location of the played video material.

In addition to using descriptors to select and sequence segments, the user is able to
manipulate individual segments directly in both the Grid Window 102 and the Overview
Window 106. The first system 100 allows the user to perform standard operations such as
deletion, insertion and re-sequencing (e.g. by drag & drop) directly on one or more segments.
Again, the three windows 102, 104 and 106 inter-operate closely so that a change executed in

one window is immediately reflected in the other windows.

The GUI of a second system 200 according to a second embodiment of the invention is

shown in Figure 1b, which differs in a many ways from the GUI of the first system 100. One
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indicates this) and specifically the material is being segmented on changes in the value of Y-

in the
a

Omega. The user interface mechanism for performing this kind of dynamic segmentation
consists of a left-click in the “Segment” column 212 to make a certain descriptor control
segmentation, and a right-click in the same place to open a dialogue box for specifying the

segmentation rules (change in value, minimum segment length, etc).

In the Grid Window 202, where space allows, the video content is represented by more than
one keyframe per segment. Also, the audio content is represented as a continuous waveform
rather than a series of audio thumbnails. Additionally, the last row 216 shows the start frame

number of each segment in the output video productiori.

The Overview Window 106 shown in Figure 1a is omitted from the GUI of the second -
system 200. Such a facility is not as important when the video is represented in the Grid
Window 202 as a set of keyframes in a horizontal direction where there are multiple
keyframes per segment.

In a third system (not shown in any figure) according to a third embodiment of the invention,

the GUI of the second system 200 is supplemented by additional user-interface elements well

en the Gid Wndow
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Using the System

A system according to an embodiment of the invention described herein has a number of
functions which a user may generally use in any sequence. However, there are typical
sequences of steps which a user employs in most cases. A typical simple scenario is
illustrated in the flowchart of Figure 3. The user initially imports into the system some video
material (the "input video material") in a step 302. If the input video material is not already
segmented as tested in a step 304, the user directs the system to segment the input video
material in a step 306, for example into visnal shots, or segments corresponding to some
aspect of the audio information. The user directs the system to extract descriptors
automatically using some signal analysis functions provided by (or otherwise accessible
from) the system in a step 308. The user then directs the system to use the value of one or
more of these descriptors to select a number of the segments of the input video material and

filter out the rest in a step 310. For example, the user may filter out all segments of the input
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Many of the steps described in relation to Figure 3 are performed automatically by the

system, requiring merely a few simple user operations (e.g. mouse clicks) per step.

At any point in this process the user may also select and sequence segments manually, for
example by “dragging and dropping” individual segments in the Grid Window 102 or 202 0r - - -
the Ovérv‘iew Window 106. It is also possible to re-segment material manually —i.e.to -~
adjust the "in" and "out" points of segments directly. Typically, manual operations are used

to fine-tune results after the process of selection and sequencing by descriptor value has

produced a “rough-cut” of the output video production.

At any poiht in this process, the user may freeze sections of the output video production
which the user does not want to alter while working on other sections. For example, some
segment boundaries may be frozen while re-segfnentation ié applied. Freezing may also be -
applied to both selection and sequencing. The segment selection status of some or all

segments may be frozen, and so may any number of segment sub-sequences of any length.
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tested in a step 316, the user may direct the systemto export the result
as a newvideo file in a step 318 and the user's work is finished. However,
in nost cases the result typically does not neet the user's requirenents

SO qui Ckp¥scribtbrsUser therefore enters an iterative process of
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mat er i al Thesysrhd may irhpat désOriptas]cucated 40 Someé Barlianiine odiich apoémbaided it oglient s

i to fine-tune results after

directly. Typically, nual operations are used
t he proctse ‘g?y g@%&?’{{gﬁv’gﬁﬂ“@% ety desgriptamsapsipdeseaments Of kext senipt oduced a

" T ough- Cgh; Q%e ifi@d ?&&%rﬁeniéi o‘?@% x{iﬁé&%&é fHdse 1%%% @cbas &gtvgéﬁdidés cftg.ﬁét? °SS,

n h
t he user ngy reeze sections e out put video pro on e user
does not deseniptotsalsal inelndenidstrptorsgenerated by odthem isstyuirientation Eh astimppdfe, sone

shooting, focal distance, geographical location generated by satellite positioning systems (eg

GPS) attached to the camera, etc. Also, the descriptors may include descriptors saved from
an earlier session using the system. In some cases these descriptors may require
interpretation or conversion as part of the importation process. For example, it may be
desirable to filter a script in order to turn the significant keywords into descriptors and
discard the connecting words such as prepositions and conjunctions. The system may be

supplied with a set of such import processing modules.

Extracted Descriptors

Descriptors may be extracted from the input video material by applying signal analysis
techniques or other kinds of processing to the video or audio content of the input video
material. Typical examples are color histograms, audio spectrograms, aural intensity

measures, object boundaries, motion vectors, categorical likelihood measures (e.g. probability
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the user to “see at a glance” the result of filtering and/or re-sequencing the input video

material according to the descriptor value. Secondly, the system combines multiple

descriptors of this kind in order to achieve more reliable extraction of semantic information.

Thus the system is a framework capable of incorporating any signal analysis descriptor which
_may be implemented as a software module (i.e. a set of instructions), a hardware module, or a

firmware module. In the 'process of applying signal analysis description, the system produces -

a data element or set of elements for each segment of the input video material, where a data

element may be a single number, a vector, an array, a Boolean value, a character string, a

structure, or an entity of any other data type.

Signal analysis descriptors may be created by writing these descriptors as plug-ins for the
system architecture, and additional plug-in descriptors may be added to the system at any
time. The user may employ any of these descriptors at any time by, for example, clicking on
the header of a row in the Grid Wihdow 202 in Figure 1b and selecting a descriptor from a

drop-down list of all available descriptors.

In addition to descriptor extraction by signal analysis, certain simple but powerful descriptors

may be extracted directly from the input video material and the organization of the input
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between.

A yet further instance is when a process of manual sequencing followed by the creation of a
sequence descriptor may be used to create semantic descriptors, For example the user may
drag & drop segments in a sequence according to how "happy" they are, i.e. from “happiest”
to “saddest”. If the user then creates a sequence descriptor, the descriptor becomes, in effect,
a "happiness" descriptor (something which could not be extracted by a fully automatic
process in most cases). Such a descriptor actually provides a set of values representing
“happiness order” which is not a true “happiness” descriptor in the full sense, but for many

purposes such a descriptor is quite adequate.
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mechanism is used to bring related segments close to each other in the display (e.g. in the

Grid Window 202 of Figure 1b, to cluster together columns which are related) so that the
value(s) of manual descriptor(s) may be copied easily to these related segments.

In a typical case, an automatic descriptor is used to sort the segments, so that the new manual
descriptor(s) may then be copied rapidly to segments which lie nearby in the display. Ina
variant of this mechanism, the system may be directed to propagate one or more manual
descriptors to all segments for which the value of a certain automatic descriptor lies within a

certain range.

With reference to Figure 4a, steps involved in a rapid propagation process are described. If
the manual descriptor does not exist (e.g. does not appear as a row in Figure 1b) as tested in a
step 402, the user instantiates the descriptor in a step 404. Regardless, the user .assigns a
value to the manual descriptor for one segment (the source segment) in a step 406. The user
then chooses one or more other descriptors to control resequencing in a step 408. The user
typically chooses descriptor(s) which the user believes have some correlation with the manual

descriptor the user wishes to propagate. The user then instructs the system to resequence all
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t hat the
the propagation of the value of the manual descriptor of the source segment to nearby

segments. The value of the manual descriptor is retrieved in a step 420. Then a list of the
nearby or neighbour target segments to which the value of the manual descriptor is to be
propagated is obtained in a step 422. The first target segment on the list is selected in a step
424. The value of the manual descriptor for the source segment is copied to this target
segment in a step 426. A test is done as to whether the end of the list is reached in a step 428.
If not, the next target segment on the list is selected in a step 430 and the system retums to
step 426.

Such a rapid propagation process is useful even in cases where automatic descriptors are only
loosely correlated with the characteristic the user wants to label with a manual descriptor.
Any ordering which tends to bring similar segments together is useful when entering manual
descriptors, even if this tendency is quite weak. As an example, the user may label a certain
segment with four descriptors “city street”, “winter”, “sunny” and “crowd waving”, and then
wish to propagate this description, or parts of it, to other segments. To achieve this, the user
might order the segments according to an automatically extracted color descriptor (e.g. color

contrast in this case, because sunny, snowy street images generally have very high contrast)
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r eseqURerivedescriptdreére are segments which require to be assigned a

di fferent manual descriptor value as tested in a step 416, the user may
r et ur IThesystemmlstGfportantly supports the creation of new descriptors by defining these

descriptors as combinations of existing descriptors. The method of combination may be
form'ulaic,. in which a new descriptor is defined as a formula containing one or more other
descriptors as variables. The method of combination may also be algorithmic, in which the -
new descriptor is defined as a set of instructions which describe how it is to be derived from -

one or more other descriptors.

For example, in the “sunny winter street with waving crowd” scene described hereinbefore, a
new descriptor, X, may be defined as the weighted sum of a color contrast descriptor and a
particular motion descriptor. Typically the user creates X by clicking on the header of a row
in the Grid Window 202 shown in Figure 1b and entering the required formula in a dialog
box. Once the user has defined the descriptor and closed the associated dialog box, the
system automatically calculates the value of this new descriptor for all segments of the video
and fills in cells of the row with the updated values. The user may then instruct the system to

filter or sort on the value of this new descriptor.

As an alternative to personally entering the fomiula, the user may select a formula from a

predefined set of formulae and algorithms in the same manner that signal analysis descriptors
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descriptor of the source segnent to nearby segnents. The val ue of the
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col or deeambipation couldde femmipic (e8nY =dst X)rbut plternatively Yeasbaststsng derivednowy

street ig&g J | V, Yy high contrast) WO 01/45391 PCT/ SG99/ 00142
21 and an af??'oa%)??:a]ﬁpyogeéx sﬁ‘ﬁ%%d notion descriptor (e.g. nmany snall areas

of uncorrel at ed, Y nt ' \ght indicate waving arns). The user's
hope is that th‘g( es&%%‘}&%ﬁ@g%ri ng groups together a reasonably high
percentage of segngnts for which sone or all of the labels "city street”,
"winter", "sunny" Afid SFYbOWAVIREN WHETSHGetye applied. Despite the severe
limtations of today's. automatically-extracted descriptors, there are many
cases where tHilsg process works well enough to nake the work of manual
descriptor entry substantially easier, providing a first approxi mtion
which, if necessar¥=‘The user may then refine by editing the descriptors
of individual segnments. This type of mechanismis particularly effective
when segdiibusf By buikling descrptosant oficanspitationk ef other descriptors potentially in complex

hierarchies where descriptors are derived from other descriptors which in turn are of the

)

derived type, the user is often able to arrive at descriptors which correlate quite well with
semantic elements of the input video material. These descriptors may then be used to select
and sequence segments of the video, or to provide new descriptions which label the video
content for future use. For example, the descriptor “crowd waving in winter street” may be
useful in a video archiving application. Like all automatically derived descriptors, these
derived descriptors seldom provide a complete and totally accurate semantic description.
However, these derived descriptors at least provide useful ways for the user to explore
different arrangements of the video material or a quickly produced approximation to an end

result which the user may then refine.

Segmentation

Segmentation is an important aspect of the system that involves several issues. In the system,

segments span temporally from any time X to any later titne Y in a piece of input video
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herei nbefore. The system provides a set "'of the nost standard and useful

f or nuldusing e epegasiontaf the fystemdescri ptor derivation. It is typical that at
this point the user finds the new descriptor inadequate. The descriptor X
may, for exanple, give the sane range of values for scenes of reeds wavi ng
in the wind against a snowy background as for the desired crowd scenes.

But t heutoneaticrSegnteheationeal i ze that there is a substantial difference in
the audio | evels of the crowd scenes (probably | oud)

There are many automated techniques for segmenting video material, any of which may be
applied extrinsically or intrinsically. A common technique, well known.to those skilled in the -
art, is Shot Boundary Detection (as described in Anﬁ_ex A). Ségmentation may also be done
using audio information, for example, by creating a new segment each time the average audio
amplitude drops below a threshold, or by identifying speech versus music (as described in
Annex B), or by recognizing probable changes in speaker (as described in Annex C).

In the system, any automatic segmentation performed intrinsically is treated as an operation
on one or more time-series descriptors. In such cases, the process involved in defining a

segmentation operation is shown as a flowchart in Figure 5.

The descriptors are firstly incorporated and/or created in a step 502 where the descriptors
may be imported, extracted, manually entered, or derived using any of the ways described
hereinbefore. Thereafter, the user chooses which one or more of the available descriptors is
to be used as the basis for the segmentation in a step 504. This step is controllable by the
user through the GUI described with reference to Figure 1b. |
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way,
the segmentation rules defined such that a new segment is created each time the audio

amplitude drops below a certain threshold value for a certain minimum time, and then crosses
back above the threshold. Another example would be to define a set of color histograms,
motion vectors and other visual descriptors, combine these descriptors in some formula to
produce a new descriptor X, then segment the video material according to the rule that a new
segment is created each time the second derivative of X exceeds a threshold.

In the system, automatic segmentation may be implemented using not only scalar descriptors,

but also more complex descriptors such as vectors, matrices and strings.

Re-Segmentation

In most cases, segmentation is done in the carly stages of processing the input video material.
Once the user has moved on to other kinds of processing such as selecting and sequencing,
creating manual descriptors, reducing time-series descriptors to single-value-per-segment
(described in more details hereinafter), the user usually makes only minor changes in
segmentation. This is because major re-segmentation, notably automatic segmentation, tends
to corrupt the selection/sequence/descriptor structure created. Nevertheless it is sometimes

necessary to do major re-segmentation later in the process, so the system also provides
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With reference to Figure 6, a re-segmentation process of this type is described. In some cases -
the éystem is not able to re-apply the current selection/sequencing after re-segmentation, or is

not able to do so in the way the user expects. Therefore it is desirable to warn the user in a

step 602 and allow the user to cancel the operation. If the user decides to proceed, the system -
first preserves the selection state (SELcyr) of all segments in a step 604. “The system then
pre;e.erves the sequence of the lset of segments (SEQgur) comprising the current output video

production in a step 606. .

The system reverts to the original selection/sequence state, i.e. that of the input video
material, with all segments selected and without any re-sequencing in a step 608, and carries
out the re-segmentation in a step 610. Subsequently, the system uses SELcyr to apply the
previous selection state to the new set of sé_gments in a step 612 and thereafter SEQcuyr to

sequence the new set of segments in a step 614 in the same way before re-segmentatiot.

The systém may not always be able to perform the operations in steps 612 and 614 or the
results thereof may not always be what the user-expects. In general, the technique is

successful in cases where the re-segmentation involves relatively small adjustments in the -
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re-segnentation, notably automatic segnentation, tends to corrupt the

sel ect | BFfefeRf®ence/ descriptor structure created. Nevertheless it is

sonetimes necessary to do major re-segnentation |ater in the process, so
t He sysimasixfhstysismmuardcoiding to a sixth embodiment of the invention as shown in Figures 2a,

2b, 2c and 24, all three operations — Segmentation, Selection and Sequencing are performed
in separate Grid Windows. The Segmentation Window 252 shows the input video material in
the original state with segment boundaries 254 (dotted lines) superimposed and is used to
define and adjust these segment boundaries 254. The Selection Window 260 shows the
selection state of each of these segments and allows the user to change these selection states.
The Sequencing Window 270 shows the selected segments in a new order comprising the
output video production and allows the user to alter the sequencing. Each of the three
windows may have a unique set of descriptors. The windows are synchronized so that
changes of segmentation performed in the Segmentation Window 252 are reflected in the
Selection Window 260 and the Sequencing Window 270, and changes in selection state
performed in the Selection Window 260 are reflected in the Sequencing Window 270. A
Monitor Window 280 enables playback of the video from the Segmentation Window, the

Selection Window or the Sequencing Window.
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The second group of issues concerns how to handle descriptors when the video material is re-

segmented after descriptors, specifically single-value-per-segment descriptors, have been
created. To illustrate the problem, consider a case where re-segmentation results in-one
segment where ten segments existed previously. Clearly the values of the individual
descriptors for the ten segments, or their temporal scope, may be lost during re-segmentation.

A less serious, but still potentially undesirable, example occurs when new segments cross-cut
old segments, i.e. where the segment boundaries are shifted in the re-segmentation process.

If the existing set of descriptor values is retained in such a case, there is a danger the

descriptor values do not apply correctly to the segments as newly defined.

There are several ways to rnanage this problem, which may be applied individually or

together, and apply at the poixit the user chooses to re-segment.

For example, extracted and derived descriptors may be recalculated because these descriptors
include a generative definition, i.e. the formula, algorithm or procedure required to calculate

the descriptors. In the case of extracted descriptors the new values are re-calculated from the
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t he of segmentation points and the values of the descriptors for each of these multiple

segmentations.

In a seventh system (niot shown in any figure) according to a seventh embodiment of the
invention, different sets of segmentation points for different descriptors may be maintained.
This is generally most useful when there are several manual descriptors. As an example, a
video shot with a sequence in which a man enters a room followed by a woman, and the two
talks together for a while before the man leaves, is considered. If this video shot is described
by three descriptors, “man present”, “woman present”, and “talking”, then the temporal spans
of these descriptors overlap provided the descriptors are accurately applied. Such a system
maintains segmentation information for each of these 3 descriptors in this example. This
feature may then be invoked in conjunction with segment sélection/sequencing. For example,
if the “man present” descriptor is chosen for segment selection, the input video material is
automatically segmented so that the in-points of “man present” segments are at set to the

exact times when the man enters, and the out-points to the exact times when the man leaves.
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process may be carried out for individual descriptors. In other words, instead of moving an

entire vertical line in the Grid Window 202 in Figure 1b, the user only moves the part of the
vertical line corresponding to a particular descriptor in a Grid Window of that system. To
move segment boundaries in such a manner is generally meaningful only before the input .
video material has been re-sequenced, or where the segments on both sides of the line in the

Grid Window are contiguous parts of a single shot in the input video material.

Reduction of Descriptor from Time-Series to Single-_Valué—per-Segment :

The system also allows the user to convert a time-series descriptor, for example the “Audio
Amplitude” descriptor 210 in Figure lb, to a descriptor with one valﬁe per segment, for -
example like the “Shot Length’; descriptor 220 in Figure 1b, through a reduction process.
This process is supported by a reduction utility which allows the user to select the descriptor
for reductioxi and select a reduction rule. As examples, the single value per segment may be
the average of all the time-series values for that 'segmetllt, or the maximum or minimum of the

time-series values, or some other such function. The user interface mechanism to enable this
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flowchart in Figure 7. The user starts by segmenting the input video material into a small
number of long segments in a step 702. The user applies descriptions to these long segments
in a step 704, and only if required as tested in a step 706 subdivides the long segments into
shorter segments in a step 708. When the user subdivides a segment the user removes or
hides the “parent” segment in a step 710 to avoid conflicts such as the duplication. However,
before the system performs the operation in step 710 the system supports subdivision by
allowing the descriptor values of a parent segment to be propagated to all the “children”
segments during the subdivision operation in a step 712. The system also performs
operations where any or all of the extracted descriptors and derived descriptors are
recalculated for the children segments in steps 714 and 716 respectively. The subdivision

into children segments may be an automatic or manual segmentation process.

A second working method accords with a bottom-up composition process shown as
flowcharts in Figures 8a and 8b. The process is described with reference to Figure 8a using a
scenario that involves a number of segments which are typically many short segments, for

which descriptors have been instantiated and which have been subjected to selection and
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820. The system thereafter creates a parent segment by concatenating the child segments in a

step 822. More specifically, the system creates a new segment with an output video
production start time equal to the start time of the first child segment and the duration of
which equals the sum of the duration of all the child segments.

The system recalculates all extracted descriptors for the parent segment using the
formula/algorithm for each descriptor in a step 824. Then, in the case of imported and
manual descriptors, the system derives values of each descriptor for the parent segment from
" the values of the corresponding describtor in each child segment in a step 826. This
operation may be performed using one of several user-selectable methods. For example, in
the case of a numeric descriptor a mean value may be used, while in the case of string:
descriptor the preferred option is typically to select the value of the string found most
frequently in the set of child segments. There is usually some information loss during this

operation which the user accepts in exchange for the simpler representation.
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out put vi
: one for the input video material in which a parent segment consists of a set of children

segments which are contiguous in the input video material, and others representing
alternative hierarchical clustering of the segments. The altemnative clustering of segments
may, for example, correspond to one or more possible output video productions in which a
parent segment consists of a set of children segments which are contiguous in one possible

output video production.

Selection

The selection function is an important part of any system according to any one of the
embodiments of the invention. Segment selection defines which segments appear in the
output video production. By default, all segments are selected, but segments are excluded

from the output video production if these segments are unselected.
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As in the case of segmentation, the selection mechanism may be made dependent on the

values of multiple descriptors by combining single descriptor rules with the Boolean

relationships AND, OR & NOT.

- After defining the selection rules to apply to the segments, a segment is identified by the
system in a step 906 and tested in a step 908 if the descriptor value of the identified segment -
meet the criteria according to the selection rules. Depending on whether the descriptor of the
identified segment meets the criteria, the identified segment is marked “Selected” in a step
910 or “Unselected” in a step 912. The system then checks if the marked segment is the last
segment to be tested against the selection rules in a step 914. If there is another untested -
segment the system identifies this segment in a step 916 and loops back to step 908
thereafter. '

To perform automatic selection, the system may use not only scalar descriptors, but also more

complex descriptors such as vectors, matrices and strings.

Sequencing
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32 Once all extracted descriptors have been recal cul ated and the inported
and manueferencetooy flgwaha in Higurs He nTheprpepse ihvolves incorporating or paténg  segnent ,

the system.cal cul at.es .th t_of Lved d ' rs. f.or [ ent
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defined in a step 952. A typical rule is a Sort-by-Value rule where segments are sorted

according to the value of a descriptor, for example from lowest to highest value or vice versa.
Another typical rule is a Sort-by-Distance rule where segments are sorted according to how
much a descriptor value differs from a given target value, for example the simple numeric
difference or a Buclidean distance. This rule is particularly powerful as the rule may be used

to sort segments according to the segments’ similarity to a target segment.

Like the segmentation and selectioﬂ functions, the sequencing function may be made
dependent on the values of multiple descriptors. The multiple descriptors sequencing
function may be performed by combining the descriptors in formulaic/algorithmic ways
described hereinbefore. The sequencing mechanism may also involve a hierarchical sort in
which the sequencing is first determined by the value of one descriptor, but relies on other
descriptors when the first descriptor has the same value for many segments. This is
analogous to the process of sorting words alphabetically where words are sorted based on the
first letter, then within that the words are sorted based on the second letter, and so on.
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of t heprodudtiotliareeffeted byt ingtructionsiini thersofSeayerthat areaiarrtad awt by &i1e geapulgr ch

segnment.s in th t pyt vid d ion, .
o o s el 4o are ey be JrBlsen as B3¢ PLmBH RO ok Btk eSS duct | on
T 1 Ne3eneSOOHRAAS ifh Bart BEE LA RSk prdl@aRTehdOBAIY paHAHR Y Aoklr fikitiBae

sel ect nction shares several things in commobn with the segmentation
f unct i anrelateddimmdtions FAlsop asdnstrbeddn theforegeinga ¢ madulssan glsedg anac ically

2Ccr O HSAS R YO RSB oFRRMRILY 10 (he case of manual

In particular, the software may be stored in a computer readable medium, including the

storage devices described below. The software is preferably loaded into the computer from

" the computer readable medium and then carried out by the computer. A computer program
product includes a computer readable medium having such software or é computer program
recordéd on it that can be carried out by a computer. The use of the computer program
product in the computer preferably effects an advantageous apparatus for providing a low
data transmission rate and intélligible speech communication in accordance with the

" embodiments of the invention.

_ The system 28 is simply provided for illustrative purposes and other configurations can be

. employed without departing from the scope and spirit of the invention. Computers with
which the embodiment can be practiced include IBM-PC/ATs or compatibles, one of the
Macintosh (TM) family of PCs, Sun Sparcstation (TM), a workstation or the like. The
foregoing is merely exemplary of the types of computers with which the embodiments of the
invention may be practiced. Typically, the processes of the embodiments, described =
hereinafter, are resident as software or a program recorded on a hard disk drive (generally

'depicted as block 29 in Figure 11) as the computer readable medium, and read and controlled




sel ected or unelected, may be controlled by, for exanple, right-clicking at
the extreBOOH#3BY a segnent colum in the Grid W ndow ZGQTg@W‘B@re | b
and choosing from either "select segnent” or "desel ect segnent” options.
The process of automatic control of selection by descriptor value is
described with reference to a flowhar#in Figure 9. The process invol ves
i ncor ponaingrthe processera3. rigtetimediate stopags of ik programsindgny detaamayrter e of such
descriptors to.control the,selection prqcess ip .a step 902. Rul whi ch
govern tﬁ‘]ﬁ\?’?ﬂ@hﬁ‘ggﬂ% BF&P“‘!FQF‘G%“@%@V%&P?S#& geop ‘B‘rﬁhﬂ’é&agf ‘gﬂ% are
then def4figdgin a step 904. A typical segnentation rule is a Match Sel ect
rule where a segnent is selected if the value of a descriptor exactly

mat ches ' : { : [ ' ey Sel ect
rule Melrﬁg&ggggééfﬁgéhs?ﬂ%?@%&% %ks %%eted%\eﬁ eﬁlesef)#ﬁcgdé e%‘g? Fgft'%irSMcﬁ)ﬁler s from
a gi verfldppy dizk (beth gendaylly épictédiyblacic29); o ditetiativély @5uld be read Byuthé st
typical rule is a Range Select .  rule where a segnent is selected if the

val ue offrom gheietwerk gie 3 mofem geviae ponsegipd torfhe sorguterador example. SHldurher,
segment %1: g&&dvéré‘@msﬁé&&é tgg&driﬁn@hﬁé‘&aiﬁﬂd@%ygsg%%ﬂ Giter Lg%e%%ﬁlteh\éal ues

of multip escriptors by conbining sing escriptor ru

Bool ean meditm tinohunditg magddsio tagefRa RONDbr infdgrated cieduitna ngghéte-optital diskpmradid es to
apply to the segnents,. a segngnt is jdentified by the, systemin a step 906
and tes t%&lff%reg%@%‘ﬁlsg% cﬁ‘?m‘?nﬁéﬁt‘ﬁ ¥ ?ﬂ%?“tﬁfaﬁﬂééne‘i’ﬂi dryiceR FRPYE] segnent
meet th bie®htdfsu Cg £C {ekrup hﬁ%ﬂ QIGH whet her

t he. degrgﬁag{cor of él!tiﬁge)“li en]%ﬂf?%&é’gngggeggnt rr%ﬁe(?s t %tpc%{relterglg?a{]he

i dent i f iteismsgioanand infommatieniret@dbdon websites and the dige. Thd Gregoirig js sedredyt ed” i n

a step 912. The tem then che if. the rked segnent .i.s_the | ast

egmont BB eH RS SRSt RS e ietisy ORtet GompHeR Rt Bt e o | s
anot her Hé%&‘éfb&ﬂwitﬁ&ﬁ'@l&%drﬁh@ﬁoﬁn%ﬁé%éﬁﬁfﬁﬂiﬁﬂﬁ&h&iﬁb&nﬁﬁgﬁem in a step 916
and | oops back to step 908 thereafter. To perform automatic sel ection, the

system ¥, 556 Syt ° g@—h rr%rb t 4
descri ptrrg)rf%é@ﬁegﬁﬁgs vecltr’%r S tﬁ(;r%éttq rfﬁcglsaltgg% %?W%r . @%e eﬁ%ci g%}fwv\g%gr% 45391
PCT/ SCOYugsihg, ediing and archiving for a video production are disclosed. A number of

embodiments are described. However, it will be apparent to one skilled in the art in view of

this disclosure that numerous changes and/or modification can be made without departing

from the scope and spirit of the invention.



The sequencing function is an inportant part of any system according to any.
one of tWO0M4FYdIi nents of the invention. A segnent sequeQa¥sGes/oelag or der

of segnments in an output video production. At any tinme, the current out put
video production consists of the set of selected segnents—in the current
sequence. The current sequence is the3brder in which segnents appear, i.e.
fromleft_ toright, inthe Gid Wndow 202 in Fi gu:‘ﬂ,’,u i

W ndo&LAIMS n Fi gure | a. Sequencing may be perfor i Jm 1@!!@&
according to descriptor values or perfornmed manuall’y. €I ntthe f

manual sequencing, the order may be determined by an operation such as
dragging a PR SMEEH X ieking at the extrene top
of a l'segngﬂstyg%ol umqulc% t he %%%%eggbﬁ%tﬁhﬁ%% |'b and draggi ng the
columm horizontally to another |ocation, manual sequencing is perforned.
The procesmeshs @Puncreating 8 dessniptosland ascribingat ddastprsyvaliwsberetst for aval ue i s
described wit.h reference tog a flowhart in Figure 10. The process invol ves
incorﬁWP‘ﬁ %P"dg?é?ﬁq“?@’ amgescri ptors and choosi ng one or nore descriptors -
to control the sequencing process in a step 950. Rules which govern how

the descri pieahs forhssemblingag balplt ViltOpRdaQIUNFeth APledqtvd ividtoaegmentgf i ned in
a step 952. Atypical rule is a Sort-g&Val ue rule where segnents are

sor t edncludingymgansdfor seledtiag saidab legst two yideorsegments aeeprdiag sorpalues ofgtldaghnest to

hi ghe I [ Vi ey sa., ' mpical rule d L-by-Di stance
rul'e. ShefiEetBioh bofsBpdie §Pveid, 10keb it YR} bttt Sidafcds Rkl ol e
di f f essid fat RARtAWE VIKRD skamts astdkdifg td Vilueodapleastione dedcripta cBtteFpohding .

difference or a Euc]jdean distance. This rule is particularly powerful as

the r i0 w@idalogst twe dideo segm@ts. segments according to the segnents'
simlarity to a target segnent. Like the segnmentation and sel ection
functions, the sequencing function nay be made dependent on the val ues of
mul ti pl e descriptors. The nultiple descriptors sequencing function nay be
performed by combining the descriptors in formulaic/algorithmc ways

descr 2bed Mhe sysidinfasireclaifind, fortherdndidigg meahs for displayingdtdeast onegdrids a

hierarchical.sort in_ whjch.the sequencing is first deternmined by the val ue

of * on et Spict ifast e LRV ing 5 GTHERS relBeTatous PEST ahept &vp Midke |

descr ispirRéntdfos alfitet &Y ENA\B1AUR 128 ondRIRYCripRsH BB YeSponditigSo sdid abRasta@eus to the

process of sorting words al phabetically where words ‘are sorted based--on the
video segments for a second axis, wherein each cell in said at least one grid displays a : )
representation of at least one value ascribed to one of said at least one descriptors

corresponding to one of said at least two video segments.

3. The system as in claim 2, wherein said at least one grid includes a plurality of rows,

said plurality'of rows including:
a row visually representing said at least two video segments;
a row visually representing audio content of said at least two video segments; and

a row providing time-series graphical representatibns of a plurality of values of a

descriptor corresponding to one of said at least two video segments,



first letter, then within that the words are sorted based on the second

| etter, anWOI¥/48391 WO 01/ 45391 PCT/ S09/ 00142 35 The seqUrRamSGHg/0014ke i s
then used to establish an order for all selected segnents in a step 954.

In step 956, the segnents are concatenated in this order to produce an

out put video production. To perform awgomati c sequenci ng, the system may
use not onl Yo gealithe AESBLIRALCar B ofdafiPar LRI fra RRGS Indi@led ipuch as
vectors, matriCes ah rings. e enbodl ment s of e nvention are

pr ef er abhe/of saidl phiraligyedt rows.ng a conputer, such as the general-purpose
conmputer shown in Figure 11. In particular, the functionality or processing

by the system described with reference to Figures,1 to 10 be
i npl emefit ed &Be Sstenygsia claiy 3, whersigptadst 1%5@%%5@%%@6%3&% conput er .

The sys ! i (= t i MONS 1 N
(he sor Faapd B SaieRdt whh o A4S dn bl Wnb A TnisRIay Bl Bl Bt reph e e

i rrgl Fm? sdié mWSvidw?ateﬁMQumMﬂy ah originﬁkﬂtaiermd ?e:ognd mt% papoesends saidt eps I A
nodule is a part of a conputer program that, usually performs,a parti.cul ar
f unct | oRupHkVidea Rrodustion, AiachRangedodad Hist ERUSERIOR 4 SOTTHIPORLIE Shehgh th id o
nodul e gfcgn@#ﬁ&’ be a packaged. functional hardware unit for use with other
conponent’s of nodules. In particular, the software nay be stored in a
conput er readable nmedium including the storage devices described bel ow

The software is preferably | oaded into the conputer from the conputer
readabl e nedi um and then carried out by the conputer. A conputer program

product _i ncl ydes a conputer readabl e di um havi ng such software or a . -
conput e progg%ﬁﬁt%ﬁ"g‘gd’ eﬂﬂﬂ“%f” S S F gg{?fmﬁgns\éﬁ%%uter. The
use of {{¥eos t€r program product in the conputer preferably effects an
advant ageous Tapparatus for providing a low data transm ssion rate and
intelligible speech conmunication in accordance wth the enbodi nents of

the invention. The system 28 is sinply provided for illustrative purposes
and ot her configurations can be enployed w thout departing fromthe scope

o0 50151 Orpk R s, SR B o SR G SIPLBEchi ©°

for creating video dissolves or audio cross fades between video segments.

7. The system as in claim 1, wherein said means for creating a descriptor includes means
for importing a descriptor and at least one value ascribed thereto created prior to importation

into said system

8. The system as in claim 1, wherein said means for creating a descriptor includes means
for extracting a value for a descriptor corresponding to a video segment by applying signal

analysis of video or audio content to said video segment.

9. The system as in claim 1, wherein said means for creating a descriptor includes means

for creating a value for a descriptor corresponding to one of said at least two video segments




Maci ntosh (TM famly of PCs, Sun Sparcstation (TM, a workstation or the .
i ke. Tiweo oi/a338poi ng is nerely exenplary of the types ofpcCrsgesiei£ W th

whi ch the enbodi nents of the invention may be practiced. Typically; the
processes of the enbodi nents, described hereinafter, are resident as
software or a programrecorded on a hgrd disk drive (generally depicted as
bl ock 29 .in, Figur 1 S the c ut er, readabl e di ur n ea d

cont r |q5§lgll%agf il %@r%gg?ﬁth @%S% t:l?ﬁ‘egﬁgl spﬂra)%tggagbﬁﬂ%%dg&

I nt er, k@ke storage of the programand any data may be acconplished using
t he sem conductor nenory 31, possibly in concert with the hard disk drive
29. In sone instances, the program nmay be supplied to the user encoded on a
CD-ROM or a floppy disk (both generally depicted by block 29), or
alternatively could be read by the user fromthe network via a nodem

devi cConRec tQ. . a St he software
can also B@l sggtg@aag é}? @“ﬁﬁg%%%}gnu%%d?&se%ﬁg%sggb@godﬁqh%tﬁ(gaﬂreh'?guﬁgﬂttaer r eadabl e
medi Wsstriptbridtinges wdnntiacorialgoeith hBahp arefereneg toedtdehst omecathér, deacriptor. -
magnet o-optical disk, a radio or infra-red transm ssion channel between
the conputer and another device, a conputer readable card such as a PCMCI A
card, and the Internet and Intranets including email transm ssions and

i nformation recorded on websites and the like. The foregoing is nerely

exe ry V, u itbk”éi:%mg abl e
rn::dimtjirrl;;1 rra?ﬁe%é{eglr%g%icce whﬁﬁ‘gﬁtﬁﬁﬂ’gg{éﬁ‘?ﬁg fro tggﬁgsgfgggmﬁegﬁé%?raﬁt of

t he iinwesaid systenl intd Videé segaupmis) saidwaneans includingt hod, a system and a conputer
program product for video re- purposing, editing and archiving for a video

production are- disclosed. nunber of . enbodi nent.s_are, descr i However,
PO T bemate ooty e TR dtmpore) Eion b SR pd YRP SEHAHH o oour e
t hat fggémsgigq,?gﬁaggwd%s édti cation can be made w thout departing

fromthe scope and spirit of the invention. WO 01/45391 PCT/ SG9/00142 37
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means for choosing at least one descriptor whereon said identifying means is based;

and

means for defining at least one segmentation rule governing said identifying means.

12.  The system as in claim 11, wherein said means for segmenting includes means for re-

segmenting a first set of video segments into a second set of video segments.

' 13.  The system as in claim 12, wherein said means for segmenting further includes means
for deriving a value for a descriptor corresponding to each of said second set of video
segments by selectively copying or combining values of said descriptor corresponding to said

first set of video segments.
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1111111212111112121fuwdi 11112! 1. A systemfor processing video segnents,
sai d syst eWOi@piddi ng: neans for creating a descriptor andPCRSGMIIEY at

| east one value thereto for a correspondi ng video segnent; and neans for
assenbl i ng an out put video production fromat |east two video segnents,

i ncluding neans for selecting said at Igast two video segnents according to

val ues at - eas one desghi .. C J ,9-@3]] wo Vi deo
segnent gj'andﬁ}ﬁeﬁlﬁ%ﬂ? B ugrllt‘?’%%remssgﬁdﬁ g@g ?(geljasggm f Wo |§g(a)éssdelgﬁ§ﬁetrfl‘?r;

accor di {ienfifyingHndeSpredentihg 4 differer® 8 of OFIR6 seintuntscfor eachudisaidng leaftonsai d at

| east two video segnents. 2. The systemas in claiml1, further including

nmeans f@escEpOpl ayi ng at | east one grid, each of said at |east one grid
having as references representations of said at |east two video segnents
for a first axis and said at | east one descriptor corresponding to said at

| east two video segnents for a second axis, wherein each cell in said at

| east one grid displays a representation of at |east one val ue ascribed to
one of dsai d The syeteni asdﬁ<x’.:f1aiihilacﬁi:‘tlfef)msluds'ngrrfxemp(ﬁcnct'e\gAl,hgentingcm‘dden;i msnnfl at | east
two video segnents. 3., The systemas in ¢laim,2, . wherein sajd. at ast one
grid i nBPY sridhsystem intavideo WP‘S%QIMIHHE finitiop op pdipgipent mﬁfﬁ“ﬁg: a row

vi sual | 5%[1&'. [ : @,ggm. VL segnents; a row visually

represe%‘f‘{%g&gu |éh%%sﬁ?@h’?t%ddéegl a%n‘&ﬁlgglsa?&?m vi deo segnents; and a row

providing tinme-series graphical representations of a plurality of val ues of

a descriptor corresponding to one of said at |east two video segnents, WO

01/ 45391 PCT/ SG09/00142 38 wherein the tenporal extent of each of said-.at

| east t vi_il}elo segnments.i.s .inpdjcated . one .of, sai d pI.uraIité of rows. 4.
m a

The sys 35T Slaimy ], fusther wsliging meads &7 dsFiing A SPEIE YIRS FORA: | Ldes
first- aﬁﬁxa,l%ﬁSPf&HxPGﬁn? SudbBQIRI VM P a AedHPRR coMésBbhdhg tcSorieUT8hidiableasts ai d

system saird first grid represents said input video material in
subst antwaVidgo sagnentsgi nal state and second grid represents said

17.  The system as in claim 1, further including means for subdivi&ing a single video
segment into a plurality of video segments, wherein a value of a descriptor corresponding to B
said single video segment is copied to a descriptor corresponding to said plurality of video

segments by progressive decomposition.

18.  The system as in claim 1, further including means for merging a plurality of video
segments by aggregating said plurality of video segments into a single video segment,
wherein a value of a descriptor corresponding to said single video segment is derived from

values of a descriptor corresponding to said plurality of segments.

19.  The system as in claim-1, further including means for providing playback of said

) 0 Y VR

output video production.



out put video production, and a change to said first grid causes a .
correspoW@ H@¥S¥ange to said second grid. 5. The syst empax/siges/odiaz M 1,
further including nmeans for creating transitions between video segnents.
6. The systemas in claimb5, wherein said neans for creating transitions
i ncludes neans for creating video digsol ves or audi o cross fades between
vi deoygeg stefn Tig%laﬁ%lslt gme?e?n Sdid gélgétmg’.:]mea\ﬁg ?élgétg sﬁg 'agleg?tqga vidih
creatTng a descriptor I ncluades means orinportrng a descriptor and at

| east seghentsakccordingto whethet Valuey of saidem least giiei descriptor ligsubstantially withiha sai d
system 8. The systemas in claim1, wherein said nmeans for creating a
descriapg®ef farget ¥RlUSS. neans for extracting a value for a descriptor
corresponding to a video segnment by applying signal analysis of video or
audio content to said video segnent. 9. The systemas in claim1, wheéerein
said neans for creating a descriptor includes neans for creating a val ue
for a descriptor corresponding to one of said at |east two video segnents
111112111 1The $ystetn ad intefaimil), wheteim saidsel¢cting3ndanp ERtiBCHHIGES sfeang brby

asstgnin n _ordi nal, nynb i n..accordance Wt osition thereof in said at
oo PG et ine i Pt o Viok SRR Jheer b et oty e 1 sai
nmeans for ascribing at | east one value to-a descriptor includes a formul a
or algorithmhaving a reference to at | east one other descriptor. 11. The
systemas in claim1, further including nmeans for segnenting video materi al
input into said systeminto video segnents, said nmeans including: means
for id&nti The skstem ag inplaimoh avhersin sid sequensing meansserndersisaiduat leastae® nat er i al

" oast YRR SRERRH el o T Eefnal b REP rd R Mol ARl ”

a target value.

23.  The system as in claim 1, wherein said sequencing means further includes means for

manually sequencing said at least two video segments by direct user manipulation.

24. A method for processing video segments, said method including the steps of:

creating a descriptor and ascribing at least one value thereto for a corresponding video

segment; and

assembling an output video prodﬁction from at least two video segments, said

assembling step including the steps of

selecting said at least two video segments according to values of at least one

descriptor corresponding to said at least two video segments, and

sequencing said at least two video segments according to values of at least one

descriptor corresponding to said at least two video segments.

- * c L [] s *



means for defining at | east one segnentation rule governing said

i denti fyi nGOPR4P91 12, The systemas in claim1l, wherei rPCESGhsemns for
segnenting i ncludes neans for re- segnenting a first set of video segnents
into a second set of video segnments. 13. The systemas in claim12, wherein
sai d neans, for segnmenting further incluyges neans for deriving a value for

a descript orCOrLes i t agh_of i ngl .. . i ments by
selectiVely %@%tﬁa@%{ﬁgg%l% ﬁgﬁ\?ﬁir\ﬁlé@&(gfqhé %ﬁ@oﬂ%@@%}{% 8¥13%3§P%§€gndi ng to
sai d fdabBbf Sd atdbasy bALEi CROARI dsSefelchtdslrbbroddntdtionk bf jaid 4t1ddst twd vidks |  C WO
01/ 45391 PCT/ S@&@9100142 40 14. The systemas in claim1ll, wherein said
means f§BMERLg e ﬁxﬁgmilmidiﬁq&atM@lef%scnnt@ramemﬂnﬁ@gé«mld ebleetéwei ng a
differ i de ' ' escriptor.
5. Thorldss: s e FoBRABEE Wheld R ) s Eflell oh PR oy €071 2

vi deo nepesdrddtion ofatileast 0he valat ascaiped Ronevf gaidiatiRast 9Ag desttiptony enabl i ng
definition or adjustnment of start and end tines of a video segnment by

di rect Gesespopdingdalone pbenid atdeastriwo wijeq sagmestsin claim 1, further including
means for deriving a single value froma plurality of tenporally
successi ve values of a descriptor corresponding to one of said at |east

two video segnents. 17. The systemas in claiml, further including neans
for subdividing a single video segnment into a plurality of video segnents,
wher ei 2@ v dlheemethodagliaotaimSowherein sabxieplofdisplaying sdidlatideastibre gridleo segnment
I's copi.e 0 descriptor, correspondi ng tq said.plyrali.t f video
egmontBelBgeIBe G SEHSRoYias SRUBaRY Phree s phEstey of wmsiedinfingt ai m 1

further including means for nerging a plurality of video segnents by
aggregati ng Siafvi | H i .single video segnent,
wherein a val ue &9h§&35§%¥?§@%%ﬁ§???%fg@ﬁgﬁﬁ%hﬁ%&ﬁgrd singl e video segnent

is derived from val ues of a descriptor corresponding to said plurality of
segnents. a row visually representing audio content of said at least two video segments; and

a row providing time-series graphical representations of a plurality of values of a

descriptor corresponding to one of said at least two video segments; |

wherein the temporal extent of each of said at least two video segments is indicated in

one of said plurality of rows.

27.  The method as in claim 26, wherein said step of displaying said at least one grid
includes the step of displaying first and second grids, wherein when an input video material is
provided, said first grid represents said input video material in substantially an original state
and second grid represents said output video production, and a change to said first grid causes

a corresponding change to said second grid.

28.  The method as in claim 24, further including the step of creating transitions between

‘TR Y D

video segments.



19. The systemas in claim 1, further including neans for providing .

pl aybackWé¥014@8% out put vi deo production. 11111111 1111 lpcrisEbdoar! 11 U
111 * CL Pl WO 01/45391 PCT/ SG99/00142 41 20. The systemas in claim1,
wherein said selecting neans selects said at. |east two video segnents
according to whether values of said aj3!|east one descriptor lie

substgnt i Lthin.a ., rapge of .t val ues. 21. .The systemas in claim
e Tl itod g ifs1ale 28 et il herl B ling BhnaiiO R Y DR Sepy © 7'
sel ecbf dgating vided diksolves of WRliY cARS fadegbetieen idedlségisdnts/ser mani pul ation. 22.
The systemas in claim1l, wherein said sequencing neans orders said at

| east two video segnents according to the difference between val ues of
said at |east one descriptor and a target value. 23. The systemas in
claim1l1, wherein said sequencing nmeans further includes neans for nmanually
sequeggi ng . - dir - LIS E | i on.
24. A%rfet hg’é@*‘%ﬁgra%?z@?‘%@’v% eoBssglg%e ts, ré%:lngar?g%# i n%lpgéc}itﬁggﬁe st eps
of cr efimpogting aldsscriptor and atrieastioney vdleascribed thareto arated phioetot ifpoethtiort or a
correspondi ng video segnent; and assenbling an output video production
from 5’@?%%53“?% vi deo segnents, said assenbling step including the steps
of selecting said at |east two video segnents according to val ues of at

| east one descriptor corresponding to said at |east two video segnents,
and sequencing said at |east two video segnents according to val ues of at

| east one descriptor corresponding to said at |east two video segnments.
| 1111B1. | i Thymetliodiasiin tlainh R4, wherein@aid stepsfTteatioy adesgiptoriincludesthe step

of extracting a value for a descriptor corresponding to a video segment by applying signal

analysis of video or audio content to said video segment.

32.  Themethod as in claim 24, wherein said siep of creating a descriptor includes the step
- of creating a value for a descriptor corresponding to one of said at least two video segments
by assigning an ordinal number in accordance with position thereof in said at least two video

segments.

33.  The method as in claim 24, wherein said step of ascribing at least one value to a
descriptor includes the step of ascribing said at least one value to said descriptor by using a

formula or algorithm having a reference to at least one other descriptor.

34.  The method as in claim 24, further including the step of segmentin_g an input video

material into video segments, said step including the steps of

identifying at least one temporal region in said input video material and representing’

TR

said region as a video segment,



25. The nmethod as in claim?24, further including the step of displaying at
| east one WOIW/453%ach of said at | east one grid havi ng as RGIFSG%/66HE2
representations of said at |least two video segnments for a first axis and
said at | east one descriptor corresponding to said at |east two video
segnents for a second axis, wherein eagh cell in said at |east one grid

di splays a representation.of .at . val. i e of said at
| east one de@e&ilﬁg Bt;lgas a8y ?e gﬁ%ﬂﬁﬁ§§§%g%§%d%$&§ﬁgﬁsqf%§é@ aﬁg\o vi deo
segnents. 26. The nethod as in claim25, wherein said step of displaying
sai d at | easfefiafify 411dast oriesebnie@atidnralesiovprnirig idsidentifying meapb.ur al i ty of
rows, said plurality of rows including: a row visually representing said at
| east two video segnments; a row visually representing audio content of said
at least two video segnents: and a row providing tinme-series graphical
representations of a plurality of values of a descriptor corresponding to
one of id i e#\@pgegg{én mERAROK t of
each of§5§ai df%etﬁl@géé %QPV\%M\L#%%(‘)& g%gpnﬁlfsst S | |cﬁolltkg:lgui%n oﬁgtegfrgi d

pl ur al i §egmehtingavirst 8t.of Video segnients iak 4 secandsetroPédeadrgments. sai d step of

di splaying said at |least one grid includes the step of displaying first
and second grids, wherein when an input video material is provided, said
first grid represents said input video nmaterial in substantially an
original state and second grid represents said output video production,
and a Cﬁéﬂgerg@méﬁbéaé i Qhind33, WHERUP RS step 6PépRRRERSfuRtenaRAEs diép i d
second grid. 28. The nethod as in claim24, further including the step. of
cr eat i nderivimgs viluofos aldeseiptor conesponding tmeachof said sacpnd setjof videpisegments 111 C L

H S WO 01/ 45391 PCT/.SGO9/ 00142 43 29. T thod as in.clai i
Card st BSaSERP FOPYIGE B SHOPAmglteR of becspioc ruf ool @ o o 10 °'

di ssol VSPviﬂoﬁgﬂi.e scross fades between video segnents. 30. The nethod as in
cl ai m 24, V\%er In said step of creating a descriptor includes the step

37.  The method as in claim 34, wherein said step of segmenting includes the step of
identifying and representing a different set of video segments for each of said at least one

descriptor.

38. The method as in claim 24, further including the step of segmenting an input video
material into video segments by enabling definition or adjustment of start and end times of a

video segment by direct user manipulation.

39.  The method as in claim 24, further including the step of deriving a single value from 2

plurality of temporally successive values of a descriptor corresponding to one of said at least

AN 0 ORI

two video segments.



of inporting a descriptor and at | east one val ue ascribed thereto created
prior tovOoepéesvhtion into said system 31. The nmet hod aBCi/sG®Vmi4am 24,
wherein said step of creating a descriptor includes the step of extracting
a value for a descriptor corresponding to a video segnent by applying
signal analysis of video or audio caefitent to said video segnment. 32. The
met hgg, as The nfetfdd 35 claifl SuehirthePindiudirgin® btep bEiHAMEdMedamEp)é ¥ides | ncl udes
the step of creating a value for a descriptor corresponding to one of said
at | segment iwto aipheralitysfivideosegients,sehegein agyalue ofadieseriptonsasespandingdeor dance -
W th sition,thereof .in sai,d at least two wuid e 33, The net hod
as i ﬁgaép‘&i&erﬂ‘gﬂ? segrenbis popiel 3 @Fw?gfcoggquwgﬂlﬁ] P@‘Q@p{yﬁﬁé’f’%& ue to a-
desciiph Qs by prograsive B8cotRRitdh. ascribing said at |east one value to said
descrs%%{‘or_ %@ﬁusi ng a for‘?riual a or algorithmhaving a reference to at | east
one other descriptor. 34. The nethod as in claim 24, further including the

step of segnenting an input video material into video segnents, said step
including the steps of identifying at |east one tenporal region in said

1N T e £ it 24 Rl pine 13 m o BiclaRB sty 3 vIROCEO 1 g
at | %_ééixeﬁ_wﬁ?' desegithigtaidplentionofsiddd segaats intd aginglavides segneengd, and
defining at |east one segnentatiqn rule gpv?rnl ng said jdentifying neans.

35. Thereinaiyelueof aidesaripiorogespopdwede sad ginglesyideo spement, e Wcl udes the
t I et St i ts int d t of
o1 cectaluh BEa RESARY cHitedonding o S plikaliy BEGeRRAREY 2, |1 7. 8 SPCOnC o€t !

segnenting further includes step of deriving a value fora descriptor

correspondi ng to each of said second set of video segnments by selectively
copying or conbining values of said descriptor corresponding to said first

set  of Viﬁeec}n?tg d % Scéait}?%%ﬁ@?xe?ﬁcﬂ%ﬁeisﬁp@f%l%ﬁébam@&@p&ai d step of

segnenting 1 nc
video production.

43.  The method as in claim 24, wherein said selecting step includes the step of selecting. --
said at least two video segments according to whether values of said at least one descriptor lie

substantially within a range of target values.

44. The method as in claim 24, wherein said selecting step includes the step of manually -

selecting said at least two video segments by direct user manipulation.

45.  The method as in claim 24, wherein said sequencihg step includes the step of ordering

said at least two video segments according to the difference between values of said at least

W T .
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one descriptor and a target value.




I dentifying and representing a different set of video segnents for each of
"sai d at | eWor018A¥1 descriptor. 38. The nethod as in cl ai mEA/sGasrodtaer
i ncluding the step of segnmenting an input video material into video
segnents by enabling definition or adjustnent of start and end tines of a
video segnment by direct user manipulatign. 39. The nethod as in claim24,

further jnclyuding, the st of, deriving,a single value from.a luralkity of
t enpor aﬁ'y sﬂl‘é@g@f’&@s Waﬂ?ﬁ&i%f’&ﬁmﬂb?gq ?eﬂflfﬂ"%&ﬁt?pe Pﬁj'inﬁg‘]d?sothg &P 8* sai d
at | easand\10 suhilRGnS SR elst twé Yided sgridutsthl diteet hsek iehiphdatibhll * C L H S
WO 01/ 45%%1“‘2&? SGQ%)l 00142 45 40% eThe met h%% as in clairm24, further

I ncl udi ng the step of subdividing a single video segnent into a plurality
of video segnents, wherein a value of a descriptor corresponding to said
single video segnent is copied a descriptor corresponding to said plurality
of vide segnents. b rogressive deconposkiiqn .The,.nethod as in claim
24, furtter gﬁBF‘B&?eﬁé"%ﬁ‘égB{% °‘J$’?{§§edfnﬁ§§’é‘{°8%?§‘%#%§“ ‘deo  segnents by
aggregating said plurality .of video se nts, into a single vide eqgent ,
wherein a vat YRS E‘quﬂ’t’% A ¢ E%mejb{é(yrmcgﬁﬁmeéngﬁr@bo Cegnent
| s der i yegid hedThm\ ées@ﬁg@idi@%égrh&it.@ 5218 RbiBERPPPifin prddEstidviRgur al i ty of
segnents. 42. The nethod aS in claim 24, further’ incl udi ng the step of

pl ayi ng back said output video production. 43. The nmethod as in claim 24,
wher ei n sai decsmputertreadgbletprogrameiodeimeanstfor ercatingof desertiptor anddpscribing af lgashit

| east two \é:ldgtﬁ sg)gtgents acco.di?‘ﬁ t o whe ,he(ri val ues of said at |east one
descri pPUTVAYSSCIEIROT & T APPYADE YRPNSBNThFBYof target val ues. 44. The .
method as in claim24, wherein said selecting step includes the step of
manual |y  sei@ghitétdesidablé prbgra@asle fnelns\ofS8erB B sutpit videogrddudtion

mani pul ation. 45. The nethod as in claim24, wherein said sequencing step
i ncl udefomias legstdpyoyidegrsggments, including :

computer readable program code means for selecting said at least two video
segments according to values of at least one descriptor corresponding to said at least

two video segments, and

computer readable program code means for sequencing said at least two video
segments according to values of at least one descriptor corresponding to said at least

two video segments.

48.  The product as in claim 47, further including computer readable program code means
for displaying at least one grid, each of said at least one grid having as references
representations of said at least two video segments for a first axis and said at least one
descriptor corresponding to said at least two video segments for a second axis, wherein each
cell in said at least one grid displays a representation of at least one value ascribed to one of

said at least one descriptors corresponding to one of said at least two video segments.

I




said at |east two video segnents according to the difference between val ues,
of said WOUW18a3%1 one descriptor and a target value. |11 pthjsGbdbdiys 111 J1
LI 1 111l LS WO 01/45391 PCT/ S09/00142 46 46. The nethod as in claim
24, wherein said sequencing step further includes the step of nmanually
sequencing said at |east two video segients by direct user nanipul ation.

47. A,conpit er. program prodyct. far pr.ocessj ng video segnents, including: a
computr Lol 36 B RLED gV assrip sRE ORB R BradeblF GEREAP CORTITSER T enbodi od
i N sajjidplaP &did ot ekt oRe gﬁﬁ%&lﬁ&s%bﬂﬁﬂeﬁm BrogPdh dode Bl Thr cﬁgﬂgﬁﬁg‘ product
havi ng:” conputer readabl e program code neans for creating a descriptor and

ascr i dphigaliy of roavst saeh plurality of ravesrioeludihgr a correspondi ng vi deo segnent; and
conput er readabl e program code neans for assenbling an output video

production,_from | east .t wo Vi eanent s, including conputer readable
pr ogram COab&ownﬁlg}@i)?rgﬁmgg}tggtsgwgagge%@wgtv; eé’as? >video segnents
according to values of at. |least one descriptor. corresponding to said at

| east  t woa rowdleRualBorEpIdsenting MldiddRthEsf sakbPatdddsetws vides seganiles; aRBNS f or
sequencing said at |east two video segnments according to values of at

| east one descriptQr corresponding.to said at |least _two_video segnents.

48. The pr®RYEproyding timeseresgraphcal representatiopsiofapREality obyalves odanl e program
code | | ] ' of said at |east one
grid havi Srg@ersg Igfr?%%gde(ss& ‘?&%‘?2‘2%%?@?.88’“&*%?9?% at | east two video
segnents for a first axis and said at | east one descriptor corresponding
to said at whemftthe vemporaleaxtent gfieach of §aid atleast twadridenissgmenteisdndicatedin  cel |

in said aft | egst..one, grid displays a representation of at |east one val ue
ascri PR&PLsgidplucality oftBWS ot | east one descriptors corresponding to one of
said at |east two video segnents. LT ELL TEELE Pligie beeer 10 1rnd

50.  The product as in claim 49, wherein said computer readable program code means for
displaying said at least one grid further includes compﬁter readable program code means for
displaying first and second grids, wherein when an input video material is provided, said first
grid represents said input video material in substantially an original state and second grid N
represents said output video production, and a change to said first grid causes a

corresponding change to said second grid.

51.  The product as in claim 47, further including computer readable program code means

for creating transitions between video segments.

52. The product as in claim 51, wherein said computer readable program code means for

creating transitions includes computer readable program code means for creating video

AR
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dissolves or audio cross fades between video segments..



*»CL SW)01/45391 PCT/ S&9/00142 47 49. The product as in claim47,
wherein saW(!l)Q’}@ﬁ{?ﬁter readabl e program code neans for di S ESGYINEI«d at

| east one grid includes conputer readabl e program code neans for displaying
a plurality of rows, said plurality of rows including: a row visually
representing said at |least two video segnments; a row visually representing
audi o ceqte ' t .lea t.wo .vi deo segnents; .and a row providing
time- se?zlnes ngi;‘}rleo rﬁfi‘gdetlgs ﬁ‘eﬁ?‘&ﬁn‘ﬂ%ﬁ%ﬂ fomgp FW&?#WBS‘%?Q?&&@PS tpr

descri ptrestirgod de3GHtoinohidbPcoisuté resdal ' og@,?@nts,
wherein the terrpoﬂrqgl extent of éﬁéﬁﬁg?lgggégdﬂrgt%laee%gf&sﬁomgﬁ@? eo segnments is
i ndi cat descriptor akat dgaskoneralie asetibedtheyéto cosated M5idr tormepartaticuatto sadi n ¢l ai m
49, whe yes.{ sai d conputer readabl e program code neans for displaying said
at | east” one grid further includes conputer readable program code nmeans for
di splaying first and second grids, wherein when an input video material is
provided, said first grid represents said input video material in
substantially an original state and second grid represents said out put

vi deo productjion, and a change to said first grid causes a corresponding
change £ satef Hedushas grglaim 4% whengipsaig wmterargadablwragnmﬂemsngr

I ncl udi for creating.transitions
bet wee nag? 0 segﬁr%%ﬁg&ﬁgéf?c%%gé’rggg%ﬁg§ mgﬁﬁq %0%61 lgle‘?ﬂsﬁr, Wg?% HVaus d
conput efor adastaiptor cprresponding el videa sgnict by sypfdht SRmAl MAkkioPRed BE! udes
conput er Jeadabl e program code nmeans for creating video dissolves or audio
Cross f%l{ﬂ{é%cquéb%@/w@bsmms.. LUETTE T 112122 11130 (liii 11 11 .c L
ris WO 01/45391 PCT/ S&®9/ 00142 48 53. The product as in claim47, wherein
sai d cosmut efnd fra8lth hEinRA AR 2/TWH S SHRPLsinduér readable program code means for

creating a descriptor includes computer readable program code means for creating a value for

a descriptor corresponding to one of said at least two video segments by assigning an ordinal

number in accordance with position thereof in said at least two video segments.

56.  The product as in claim 47, wherein said computer readable program code means for
ascribing at least one value to a descriptor includes computer readable program code means
for ascribing said at least one value to said descriptor using a formula or algorithm having a

reference to at least one other descriptor.

57.  The product as in claim 47, further including computer readable program code means
for segmenting an input video material into video segments, said computer readable program

code means including:

computer readable program code means for identifying at least one temporal region in

said input video material and representing said region as a video segment;

computer readable program code means for choosing at least one descriptor whereon

T

said identifying means is based; and



creating a descriptor includes conmputer readable program code nmeans for

i mporti n}¥@01/468%Icri pt or and at | east one val ue ascri bed tHEVsG®/00142at ed
prior to inportation into said system 54. The product as in claim47,
wherein said conputer readabl e program code neans for creating a
descriptor includes conputer readabl e, program code neans for extracting a

value for a descriptor corresponding fo, a videg segnent by applying signal
anal ysi s ofompuispregdable pragram gededpeans fordetining aidepst erpgegmentgtion mie product.
as in ghg% . 1 Wb ered al.d conputer readabl e program code neans for
creatﬁﬁg a éégg%%%ﬁﬁ@nc udes conputer readabl e program code neans for
creating a value for a descriptor corresponding to one of said at | east
two video segnents by assigning an ordinal nunber in accordance with
position thereof in said at |east two video segnents. 56. The product as in

claim/g47, ereipn sai.d co er readabl e program code neans, for scri bi ng
ot T oBy ontBe Pt R ST, e L S RO BB e S B o
nmeans grgén ggféﬁ ng a
for rrulsg or tgl gféélﬁéﬁ%oﬁg\i}%ﬁgéaghﬁggﬁeg?éelﬁggdﬂtfgéag{s(f?i%% oneﬁl?)%'=PE1)Ieﬁr%’t aéé?gri pt or.
57. Tivideprsegiuents indo a secoindiseh of Widepisegments.i ncl udi ng conput er readabl e program
code neans for segnenting an input video material into video segnents,

sai d conputer readabl e program code neans including: conputer readable
program code nmeans for identifying at |east one tenporal region in said

I nput video material and representing said region as a video segnent;
conputser r GdpedducPisiachiinCI8] eheRasid mpuieasadiblepropraiode iteallefair | pt-or
whereon sajd identifying neans is based; and 111111111111ff 111 [I1Q |1
|11 mesesdingurtioer inadidescompyte nsadable progrgsw cede meansdor derping? ¥ahie Bde neans
for * deldeRiriortorle§tin¥ 1S eRAATRRIAURLA &t fiddPUEhitnRby Rldildnt | fying.

means.
copying or combining values of said descriptor corresponding to said first set of video

segments.

60.  The product as in claim 47, wherein said computer feadabl_e program code means for B
segmenting includes computer readable program code means for id_entifying_ and representing

a different set of video segments for each of said at least one descriptor.

61.  The product as in claim 57, further inéluding computer readable program code means
for segménting an input video material into video segments by enabling definition or

adjustment of start and end times of a video segment by direct user manipulation.

62. The i)roduct as in claim 47, further including computer readable program code means
for deriving a single value from a plurality of temporally successive values of a descriptor

corresponding to one of said at least two video segments. —_—

Iy m



58. The product as in claimb57, wherein said conputer readable program code
means for weegrsanti ng i ncl udes conput er readabl e program RETSCHANI2 T or
re-segnenting a first set of video segnents into a second set of video
segnents. 59. The product as in claimb58, wherein said conputer readable -
program code neans for segnmenting furtder includes conputer readable

program code _neans for, der. vi val ue,.for a descriptor. corr ding to
each of 6%ai dT}&“eUS%H:t &p| ﬁ?lwﬂﬂg’%&% W@é?ré'ﬁﬁab%%yogwoﬂgﬁ%%%

conbi ni i f simAd Ldat Rito & PRk ARP OFFHEWsdathehsl FhérelnSd vaigd ofof

vi deo ggaﬂn@%ﬁgﬁggﬁr@%gdg?g%@E as0 I ﬁhgl alm 47, wher ei&'ﬁ said conputer
readabl gdgsciptonoorcsspendirptossaidsingle eier segment isrcopiedde a desepptasr readabl e
program code ans for identifying and represent.in a different set of

vi deo s%@’ﬁ%ﬁ?‘i&‘e‘?ﬁp sé‘é(ﬂ%“‘&ﬁtys"é.if‘%ée&%e%ggf g’bﬂ’é’%’é?@? ﬁf)ctoﬁp.os’élfl.l' The product as
in claim57, further including conputer readabl e program code neans for
segnenting an input video material into video segnents by enabling
definition or adjustnent of start and end tines of a video segnent by

direct user manipulation. 62. The product as in claim47, further including
conput efdr ealibdprodutag inectaivod?d fipherdnclyding epmpujerrgadabls pTEERM LO0E BEARL M o

pl urali of temporally_.successive val ye . ! . onding to
bne. of - Sintpreine FoTiR pg YRR seradi s pediathe fhif BRFALY b iagd SeRRoN, "7 |
L 'idtohsi'ngievlidéo segifert, Mﬁmm%&?&&&k@mﬁ& t63aid Binglepr oduct  as
in claim47, Turther Trncluding conputer readabl e program code neans for
subdi vi sideq segnentislderivedify of a dercEpter pOTERSAPR sa%ﬂh‘&@fly nents, . -
wherein a value of a descriptor corresponding to said single video segment
is copi &B®®S descriptor corresponding to said plurality of video
segnents by progressive deconposition. 64. The product as in claimA47,
further including conputer readable program code neans for nerging a
plurality of video segnents by aggregating said plurality of video segnents
Itgt g a? d%éinglgﬁ‘gg i)%%gctsag WERm 4#¥GHE IndudiRl HemflterretEbie proki (ol nfaRPNdi Ng
for providing playback of said output video production.

66.  The product as in claim 47, wherein said computer readable program code means for
selecting said at least two video segments according to values of at least one descriptor
corresponding to said at least two video segments include computer readable program code
means for selecting said at least two video segments according to whether values of said at

least one descriptor lie substantially within a range of target value.

67.  The product as in claim 47, wherein said computer readable program code means for
selecting said at least two video segments according to values of at least one descriptor
corresponding to said at least two video segments includes computer readable program code

means for manually selecting said at least two video segments by direct user manipulation.

A R




vi deo segnent is derived fromvalues of a descriptor corresponding tqQ said.
pl ural i tWO®@1/4538egnents. 65. The product as in claim47, porsGsmooidc! udi ng
conput er readabl e program code nmeans for providing playback of said out put
vi deo production. 66. The product as in claim47, wherein said conputer
readabl e program code neans for selegting said at |east two video segnents
according to values pof at |east qQne descriptor (iorrespondi ng to said at

| east®& wo Theguedust ahinrlam 4% heeein s7id cemputertradahle P spdesngas Bk ans for

sele i s aslaﬁ; . j ggga ¢ AT al ues of
sai dc%bag\cggsstqldggrt\éé esc?r‘l}lggboég |ess%;'8 sta%??gﬂggggmt#ﬁ?gﬁp%rang@tg t ar get
val uecorggponding tp said at leaststwiorviddosegmdnts inchetes compuaterreadalie prograne eoldeb| e -
program cqde neans for . selecting said at |east, two,yldeo segnents _

b ccorFes RrproemEcadft Legst e, dIC rEmBs B RTREIE to bt SEEHBRAPAYSED said at

| easty g ot s£A€9: REABRE USscripfdruf@s kesRMhR! readabl e program code means for
manual |y selecting said at | east two video segnents by direct user

mani pulation. TLITEETEETTIT 22(22 ili!j 221 11 WO 01/45391 PCT/ SG99/ 00142
51 68. The product as in claim47, wherein said conputer readable program
code neans for sequencing said at |east two video segnents according to

val ues, of .at |l east one.,descrintor correspondi to sajid | east, two vi deo
Sognett-o | T AR et IR T, ofhefin s LORRREN callthid Probfi ol mERS for 10 1]
at | eqghercig sdidit eaSEBREVilSo supaRhfiiadcoriing!td vakies dLitaecomadesbiiptor val ues of
said at | east one descriptor and a target value. 69. The nethod as in claim

47, veesresponding tg saidrap laast twosddreiesmpnts ieans slndeseemputerseadablepregraimg said -
at le i . i ne descri ptor
cor r 8 e e P e 94 Y10 o YR Belon by W00 0T e

r eddapbgipplatigi.am code neans for manual |y sequencing said at |east two

vi deo segnents by direct user manipulation. 70. A system for describing

vi deo segnents, said systemincluding: neans for creating a first

descriptor and ascribing a first value thereto for a

70. A system for describing video segments, said system including:

means for creating a first descriptor and ascribing a first value thereto for a

corresponding video segment;

means for grouping said first video segment with at least one other video segment
according to values of at least one other descriptor corresponding to said first video segment

and said at least one other video segment; and

means for ascribing said first value to said first descriptor corresponding to said at

least one other video segment.

71.  The system as in claim 70, further including means for selecting said at least one other -
descriptor. | T
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correspondi ng vi deo segnent; nmeans for grouping said first video segnent
wth at | ewoto18s3910t her vi deo segnent accordi ng to val ueP@FSGIOIBASt one
ot her descriptor corresponding to said first video segnent. and said at

| east one ot her video segnent; and neans for ascribing said first value to
said first descriptor corresponding to gaid at |east one other video
segnent. 71. The systemas in claim?70, further incl udiur&gs neans, f or

sel ecti g salle systemeagsin claie 7ds Wé?remoﬁé@ﬁl?"&f"(g?r.gr‘.’m%’qc _ meags\Jof | ul I1IAl
V0 01 455 T SRR} %P AR5 AR SR ber o1 1 3o

means f oOr ng 1 nc S neans npar i said val ues of at | east
one ot hedgntd$ arid flddt 1€ast sresqilrdideg segmenti d first video segnent and said at
| east one ot her video segnent. 73. The systemas in claim72, wherein said
means for grouping further includes nmeans for sorting said first video
segnent and said at | east one other video segnent. 74. The systemas in
claim 73, wherein said neans for grouping further includes neans for

sortingggai drhi Sybtent hORQUARITE WherkithafPintadtfod @8sping REtheE iRudét feanss egnent

using sorting techniques including sort-by-val ue, sort-by-distance,

f or nul affar sertinigisaig, first videoi sepment 20d saidagleastone pther videmsegmentorti ng. 75. The
systemas in claim73, wherein said neans for grouping further includes
means for providing visual inspection of representations of said first

vi deo segnent and said at |east one other video segnent using a user
interface having a display. 76. The systemas in claim75, wherein said

nmeans foj gr eypkyeent 44 fnhPhiml 736 WheR sildbmsansifor groaping fiirtgr idehmegineasi d user
interface means Tor ascribing said first value to said first, descriptor

cor r es pfordortipgtsaidsistovidao segment and saigdia sast\ong athes Widae premant using SAting
[ t i f o i t i ; T . . . V\Ih .
oo 0 retnibes iR bdipk S0 B VANR, 1 Bysdibtamos RS SORRE, ot forfthlc Torkig, W11 ©1 1

or hierarchical sorting.

75.  The system as in claim 73, wherein said means for grouping further includes means
for providing visual inspection of representations of said first video segment and said at least

one other video segment using a user interface having a display.

76.  The system as in claim 75, wherein said means for grouping further includes means
for actuating through said user interface means for ascribing said first value to said first
descriptor corresponding to said at least one other video segment after visual inspection of

said representations.

77.  The system as in claim 73, wherein said means for creating said first descriptor and

ascribing said first value thereto includes means for manually assigning said first value to

said first descriptor.
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80. A method for describing video segments, said method including the steps of:

creating a first descriptor and ascribing a first value thereto for a corresponding video

segment;

grouping said first video segment with at least one other video segment according to
values of at least one other descriptor corresponding to said first video segment and said at

least one other video segment; and

ascribing said first value to said first descriptor corresponding to said at least one

other video segment.

81.  The method as in claim 80, further including the step of selecting said at least one

other descriptor.

82.  The method as in claim 81, wherein said step of grouping includes the step of
comparing said values of at least one other descriptor corresponding to said first video

segment and said at least one other video segment. -_
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83. The nethod as in claim82, wherein said step of grouping further
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segnent s, incfuding a conputer usabl e nedi um having conputer readable
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86.  The method as in claim 85, wherein said step of grouping further includes the step of
actuating through said user interface means for ascribing said first value to said first
descriptor corresponding to said at least one other video segment after visual inspection of

said representations.

87. The method as in claim 83, wherein said step of creating said first descriptor and
ascribing said first value thereto includes the step of manually assigning said first value to
said first descriptor.

88.  The method as in claim 87, wherein said step of creating said first descriptor and

ascribing said first value thereto includes the step of manually assigning said first value

Y

having semantic power to said first descriptor.
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computer readable program code means for ascribing said first value to said first

descriptor corresponding to said at least one other video segment.

91.  The product as in claim 90, further including computer readable program code means

for selecting said at least one other descriptor.

92.  The product as in claim 91, wherein said computer readable program code means for
8grouping includes computer readable program code means for comparing said values of at .

least one other descriptor corresponding to said first video segment and said at least one other
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video segment.




segnent. using a user interface having a display. 96. The product as in
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95.  The product as in claim 93, wherein said computer readable program code means for
grouping further includes computer readable program code means for providing visual
inspection of representations of said first video segment and said at least one other video

segment using a user interface having a display.

96.  The product as in claim 95, wherein said computer readable program code means for
grouping further includes means for actuating through said user interface computer readable
program code means for ascribing said first value to said first descriptor corresponding to

said at least one other video segment after visual inspection of said representations.

97.  The product as in claim 93, wherein said computer readable program code means for
creating said first descriptor and ascribing said first value thereto includes computer readable

program code means for manually assigning said first value to said first descriptor.

98..  The product as in claim 97, wherein said computer readable pr6 gram code means for

creating said first descriptor and ascribing said first value thereto includes computer readable
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57 .
program code means for manually assigning said first value having semantic power to said

first descriptor.

99.  The product as in claim 98, wherein said computer readable program code means for
creating said first descriptor and ascribing said first value thereto includes computer readable
program code means for automatically extracting said at least one other descriptor

corresponding to said first video segment and said at least one other video segment.
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