
WO 02/052565 10 JUN 2005  PCT/SGOO/00197   System and Method for Media
Production Field of the invention 5 The invention relates generally to
computer generation of media productions. In  particular, the invention
relates to automated or semi-automated editing of productions  including
any one or more of the following media: motion video, still images, music,
speech, sound effects, animated graphics and text. 10 Background of the
invention Today, analogue media are gradually being replaced by digital
media. In the case of  audio this transition has already largely taken
place, and it is well underway for image,  video, graphics animation and
other media. As these media become digital and the  capability/cost ratio
of computing resources continues to increase, new users and 15 markets for
digital media production are opening up. Of particular relevance to this
invention are emerging markets for casual media production and especially
casual  video production, i.e. cases where the high cost of professional
video production  would preclude its use and where, until recently, the
cost of the necessary equipment  was too high. These include home video
production (e.g. of holidays, weddings, etc), 20 some informal corporate
uses (e.g. internal communications and team-building), use  by societies
and other organizations, etc. The concept of casual or "desktop" video
production has existed for about a decade,  but widespread adoption has
been held back by a number of problems. These include: 25 1. Problems of
technical infrastructure: inconvenience and loss of quality when
digitizing video from a camera, limited hard disk space, insufficient
processing  power, etc. 30 2. The lack of convenient, low-cost distribution
mechanisms: until recently the  



only widespread formats have been videotapes, but the cost and time
involved in  duplication and distribution preclude many potential
applications.   1 0 JUN 2005  WO 02/052565 PCT/SGOO/00197 2 3. The time and
expertise required to make acceptable-quality productions,  particularly at
the stage of editing and "post-production". 5 The first and second of these
problems are today disappearing thanks to technologies  such as DV cameras,
the IEEE 1394 ("Firewire") interface and video distribution on  the
world-wide web. This invention attempts to address the third problem,
allowing automated or semi- 10 automated editing of digital media,
particularly video. Today, the main tool used for editing video is the
"Non-Linear video Editor" or NLE.  These are computer programs which adopt
many paradigms from conventional editing  methods such as film cutting and
linear, dub-editing using video tape machines. They 15 employ manual
methods of editing which are well suited to scenarios where the user is
experienced and the desired result is a high-quality video production.
There are many  products of this type including Premiere from Adobe Inc.,
and Movie from Apple Inc. The NLE is a considerable advance on earlier
technology, yet there remain many 20 scenarios in which the user is not a
media professional, in which professional quality  is not essential, or in
which it is necessary to edit material very quickly. Even NLEs  which claim
to be aimed at non-professionals have a significant learning curve and
require substantial time to produce acceptable productions. It is generally
accepted  that in typical cases a user will have to spend one hour in order
to create one minute of 25 output video, in other words a ratio of 60:1 of
production time to playback duration.  It is one of the goals of the
current invention to reduce this ratio dramatically through  automation, to
the point where in some cases acceptable results can be produced  



without any user intervention. 30 There also exist several tools which
allow a user to create productions involving the  real-time display of
images and text synchronized to an audio track. These include  animation
tools (e.g. Flash from Macromedia Inc.), slideshow tools (e.g. PowerPoint
WO 02/052565 1 0 JUN 2005  PCT/SGOO/00197 3 from Microsoft Inc.) and
authoring tools for streaming media (e.g. RealPlayer from  Real Networks
Inc.). But once again, users often find that they need to spend hours in
order to produce a simple production lasting a few minutes. 5 Summary of
the Invention This invention aims to provide new and useful apparatus and
methods for generating  media productions from input media material. 10 In
general terms, the invention proposes that input material is edited to
construct an  output production. The process includes deriving a set of
media descriptors which  describe the input material, either by analysis or
from an external source, or a combination of the two. This is followed by a
computer-based construction process  which includes making edit decisions
based on (i) the set of media descriptors, and (ii)  15 style data, such as
user-generated style data, for defining the editing style. The input
material may include any one or more of motion video, still images, music,
speech, sound effects, animated graphics and text. 20 The set of media
descriptors may be supplemented by descriptors which are pre- generated
(e.g. outside the apparatus of the invention) and imported, for example
together with the input material. The style data may be generated by a
process which includes either or both of  25 deterministic and stochastic
(probabilistic) operations. The editing may include any one or more of the
following processes applied to the  input material: segmentation (of
video/audio), selective inclusion, sequencing,  transformation and
combination. These processes may optionally be supplemented 



30 with user intervention. This is supported at two stages: a pre-selection
stage prior to  the automatic construction process and a touch-up stage
after construction. 1 0 JUN 2005  WO 02/052565 PCT/SG00/00197 4 A
particularly preferred feature of the invention is the ability to produce
music-based  productions in which the input material consists of a) motion
video material and/or a  set of images, and b) recorded music. The system
analyses both the video/images and  the music to create media description
data for both, then uses this information to 5 create the output
production, influenced or determined by the structure of the music. Typical
applications of the current invention include the production of video and
other  time-based media for home, corporate and hobbyist environments,
production of  slideshows synchronized to music, production of rich-media
electronic greeting cards, 10 production of media for world-wide-websites,
production of rich-media online  catalogues, production of rich-media
online content related to consumer-to-consumer  sales applications such as
online auctions and classified advertisements, some  professional video
applications such as the production of karaoke videos, etc. 15 The
invention, which includes both method and apparatus aspects (i.e. apparatus
comprising respective means to perform the steps of the methods), may be
embodied  within various kinds of hardware including general-purpose
computers, personal  digital assistants, dedicated video-editing boxes,
set-top boxes, digital video recorders,  televisions, games consoles,
digital still cameras, and digital video cameras. 20 Brief description of
the drawings Embodiments of the invention are described hereinafter, for
the sake of example only,  with reference to the drawings, in which: 25
Fig. 1 illustrates an embodiment of the invention comprising a set of
interconnected  functional modules; Fig. 2 illustrates an example of the
operation of the embodiment of fig. 1. 



30 Fig. 3 illustrates schematically an operating principle of the
embodiment of fig. 1. 1 0 JUN 2005  WO 02/052565 PCT/SGOO/00197 5  Fig. 4
shows the embodiment of fig. 1 searching input video material to derive a
suitable segment. Fig. 5 is a flowchart illustrating logic for selecting a
video segment in the example of  5 fig. 4, such that the output production
preserves the order of segments found in the  input material. Fig. 6 is a
flowchart illustrating logic for selecting a video segment in the example
of  fig. 4, such that the output production does not preserve the order of
segments found  l0 in the input material, but instead selects by similarity
of the segment descriptor values. Fig. 7 is a flowchart illustrating logic
used by the embodiment of fig. 1 to calculate a  similarity measure between
a set of candidate segments and a 'target set of descriptor  15 values.
Fig. 8 illustrates the structure of a media scene graph which is generated
in the  embodiment of fig. 1 and which is a complete representation of the
form of the output  production or a complete set of instructions for making
the output production. 20 Fig. 9 illustrates a first, simple GUI suitable
for use in the embodiment of fig. 1 with  three main user controls. Fig. 10
illustrates a first, simple GUI suitable for use in the embodiment of fig.
1 with  25 five main user controls. Fig. 11 illustrates an embodiment of
the invention which does not require user  interaction in normal use. 30
Fig. 12 illustrates an elaboration of the principle illustrated in fig. 3,
specific to the  creation of music-based productions. 10 JUN 2005  



WO 02/052565 PCT/SGOO/00197  6 Fig. 13 shows a feature of the embodiment of
fig. 1 in which the sub-style sequence is  matched in a one-one
correspondence with the macro-structure of a piece of music. Fig. 14 is a
flowchart illustrating one way in the embodiment of fig. 1 in which a sub-
5 style sequence can be matched automatically to the macro-structure of
input music. Fig. 15 illustrates a thresholding mechanism for combining
edit preferences from style  information with edit hints derived from a
music description in order to generate edit  decisions. 10 Fig. 16 shows a
typical workflow for a user creating a video production using a
conventional non-linear video editor. Fig. 17 shows the typical workflow
for a user creating a video production using the  15 embodiment of Fig. 1.
Detailed description of the embodiments Fig. 1 shows the overall structure
of an embodiment of the invention. 20 Referring to Fig. 1, the material
input to the system includes one or more of the  following: - "input video"
[101], i.e. motion video such as a digital video stream or one or  more
digital video files. Typically this is unedited "raw footage" such as video
25 captured from a camera or camcorder. Optionally it may include an input
soundtrack [102]. - "input images" [103), i.e. still images such as digital
image files. These may  be used instead of motion video, or in addition to
motion video. 30 - "input music" [104] in a form such as a digital audio
stream or one or more  digital audio files. In the embodiment music
provides the timing and . 1 0 JUN 2005 WO 02/052565 PCT/SGOO/00197 



7 framework for the output production: the input visual material is edited
in  ways which relate to the structure of the music in order to produce a
music- based production. 5 - input text and/or graphics [105] typically
used for titles, credits, subtitles, etc. "style information" [106], i.e.
data or logic used by the system to control or  influence aspects of the
automatic construction process - in other words the  "editing style". The
user may select from a number of predefined styles, 10 and/or have access
to individual style parameters. Depending on the  embodiment, styles may be
external to the system or form part of the system. In this document the
term "input material" is used to mean one or more pieces of  media which
are presented as input to the system. Supported media types include 15
motion video, still images, music, speech, sound effects, static or
animated graphics  and static or animated text. The term "input visual
material" refers to input material  of any visual type including video,
images, animation, graphics or text. 20 Output Referring to Fig. 1, the
output production [108] created by the system is a piece of  time-based
media such as a video, animation, or timed sequence of images; this may
include an associated soundtrack, the output soundtrack [109], consisting
of music,  speech and/or other sounds. The output production is formed from
some or all of the 25 input material which has been subjected to one or
more of the following processes by  the system: - "Segmentation". That is,
input video is segmented according to visual or sonic  characteristics, for
example into shots, parts of shots, segments that contain a 30 particular
voice or background sound, etc. A shot is a single contiguous piece of
video which does not have breaks or cuts, such as a segment of video which
was  recorded without pausing or stopping a video camera. 1 0 JUN 2005 WO
02/052565 PCT/SGOO/00197 



8 - "Selective inclusion". That is, elements of the input material such as
segments of  video, music or soundtrack, selected images, or regions within
images or video  frames are included in the output production, while others
are excluded. 5 Typically - as in conventional media production - a large
fraction is excluded. - "Sequencing". Elements of the input material may be
sequenced so that the time- ordering of the elements comprising the output
production corresponds to the time  ordering of those elements in the input
material, or they may be sequenced 10 according to some other criterion
such as descriptor similarity. - "Transformation". Elements of the input
material may be transformed, e.g. by a process including any of the
"special effects" well-known in the prior art,  including transformations
of color (e.g. monochrome and flash effects), speed 15 (e.g. slow-motion),
size (e.g. artificial zoom), position (e.g. artificial pan), shape (e.g.
warping), etc. - "Combination". Elements of the input material are combined
both simultaneously  and sequentially. For example, images and video
segments from the input 20 material may be presented simultaneously with
input music, and input  text/graphics may be overlaid onto the video.
Images and segments of video may  be concatenated with overlaps allowing
the use of transitions such as dissolves and  wipes well-known in the art.
Segments of the input soundtrack may be mixed with segments of the input
music. Multiple images and/or video segments can be  25 presented
simultaneously in different regions of the frame area of the output
production or mixed over each other to create composite images ("mixage").
The output production may also include material generated by the system
without  reference to the input material, such as colors and textures used
as backgrounds, static  3o and animated graphical elements, etc. WO
02/052565 9 PCT/SG00/0019 



Analysis and Description Components Referring again to fig. 1, the
embodiment has the following components concerned  with analysis and
description of the input material. 5 - The video analyzer [114]. This
analyses the input video to produce a video  description [111] containing
one or more descriptors. The video analyzer applies  signal analysis
techniques or other kinds of processing to individual frames or  multiple
frames of the input video in order to create the descriptors. Typical
descriptors are measures of brightness or color such as color histograms,
measures 10 of texture, measures of shape, measures of motion activity,
descriptors identifying  the times of shot and other segment boundaries in
the input video, categorical  likelihood measures (e.g. probability that a
segment of the input video contains a  human face, probability that it is a
natural scene, etc), measures of the rate of  change and statistical
properties of other descriptors, descriptors derived by 15 combining two or
more other descriptors, etc. Many such descriptors and  techniques are well
known to those skilled in the art and new ones are constantly  being
defined. - The soundtrack analyzer [112]. This analyses the input
soundtrack of the input  20 video to produce a soundtrack description [113]
containing one or more descriptors. The soundtrack analyzer applies signal
analysis techniques or other  kinds of processing to the input soundtrack
in order to create the descriptors.  Typical descriptors are measures of
audio intensity or loudness, measures of  frequency content such as
spectral centroid, brightness and sharpness, categorical 25 likelihood
measures (e.g. probability that a segment of the input soundtrack  contains
a human voice), measures of the rate of change and statistical properties
of other descriptors, descriptors derived by combining two or more other
descriptors, etc. Many such descriptors and techniques are well known to
those  skilled in the art and new ones are constantly being defined. 30 -
The image analyzer [114]. This analyses the input images to produce an
images  



description [115] containing one or more descriptors. The image analyzer
applies 1 0 JUN 2005 WO 02/052565 PCT/SGOO/00197 10 signal analysis
techniques or other kinds of processing to individual images or  groups of
images in order to create the descriptors. Typical descriptors are
measures of brightness or color such as color histograms, measures of
texture,  measures of shape, categorical likelihood measures (e.g.
probability that an image 5 contains a human face, probability that it is a
natural scene, etc), measures of the  statistical properties of other
descriptors, descriptors derived by combining two or  more other
descriptors, etc. Many such descriptors and techniques are well known  to
those skilled in the art and new ones are constantly being defined. 10 -
The music analyzer [116]. This analyses the input music to produce a music
description [117] containing one or more descriptors. The music analyzer
applies  signal analysis techniques or other kinds of processing to
segments of the music in  order to create the descriptors. Typical
descriptors are measures of intensity or  loudness, measures of beat
strength, musical rhythm and tempo, measures of 15 frequency content such
as spectral centroid, brightness and sharpness, measures of  musical pitch
content such as root note pitch, consonance, musical key  membership and
chordal content, measures of the rate of change and statistical  properties
of other descriptors, descriptors derived by combining two or more  other
descriptors, etc. Many such descriptors and techniques are well known to 20
those skilled in the art and new ones are constantly being defined. The
music  analyzer may also provide a representation of the structure of the
input music at  various timescales, from the "macro" timescale of major
sections such as  introduction, verse, chorus, etc to the "micro" timescale
of bars, beats and sub- beats. Means of representing musical structure are
well-known to musicians, 25 music theorists, and others, and many
techniques for extracting this type of  information by signal analysis are
known in the field of computer music analysis. 



In this document, the analyzer components described above [ 110, 112, 114
and 116]  are collectively known as the "media analyzers", and the
descriptions [111, 113, 115  30 and 117] are known as "media descriptions".
1 0 JUN 2005 WO 02/052565 PCT/SGOO/00197 11 Media descriptions can also be
stored for later use, for example by saving the  description data to disk
or non-volatile memory. (For simplicity, this is not shown in  Fig. 1.)
This allows the user to construct different output productions from the
input  material without the need to re-analyze material, thus reducing the
processing time 5 needed to view multiple alternative productions. In
addition to, or alternatively to, signal analysis, descriptors may be
imported into the  system and stored in the media descriptions. (For
simplicity, this is not shown in fig.  1.). Such descriptors have been
created at some earlier time and are typically 1o embedded within, or in
some way linked to, the input material. Such descriptors  include video
descriptors generated by camera instrumentation such as time-of- shooting,
focal distance, geographical location generated by satellite positioning
systems (e.g. GPS) attached to the camera, measures of ambient light level
during  shooting, etc. They may also include music descriptors generated
during the music 15 production process, such as elements extracted or
derived from music sequencers or  MIDI (Musical Instrument Digital
Interface) data. Music sequencers and MIDI are  widely used in music
production and can be used to create descriptive information  which is
difficult to derive from the music audio signal after it is mixed down: for
example information about musical pitch, instrumentation, music repetition
structures,  20 etc. Imported descriptors can also originate from a manual
or semi-automatic process, for  example in which a user annotates the input
music, video or images before importing  the input material plus its
descriptions into the system. Such descriptors may be 25 closely related to
descriptors created by signal analysis. For example it is sometimes  



desirable to create descriptors using the system, correct or refine these
descriptions  manually, and then use the refined description as the basis
for processing by the other  modules of the system. 30 Imported descriptors
may be stored directly in the media descriptions, or they may  require
further analysis, conversion or interpretation after they are imported;
this  function is also provided by the media analyzers. 10~ JUN 2005 WO
02/052565 PCT/SGOO/00197 12 Other Components Referring again to fig. 1, the
system further includes the following components: 5 The graphical user
interface or GUI [120]. This acts as intermediary between the  user and the
system, communicating with several of the other modules of the  system.
User interaction typically includes the following capabilities: o Overall
control, such as selection of files containing the input material and  10
selection of a destination file for the output production. Other aspects of
control include the initiation of analysis and construction tasks. o User
interaction with the style information - for example the selection of
predefined styles, or creation of new styles, or alteration of existing
styles. 15 o Manual intervention, both at a pre-selection stage and at a
touch-up stage. Features and variants of the GUI are further described
below. 20 - The constructor [121]. This contains much of the core logic of
the system. It  receives as input the one or more media descriptions and
receives (or contains  within it) the style information [105]. Its main
function is to use these inputs to  make all the edit decisions necessary
to specify the form of the output production  [108] and to store this
specification of the output production in a structure called 25 the "media
scene graph" or MSG [122]. The MSG can be regarded as a complete
representation of the form of the output production or as a complete set of



instructions for making the output production; this includes the source and
timing  of all elements of the input material (such as segments of video,
music or soundtrack, selected images, or regions within images or video
frames) which are  30 used in the output production, the types of
transformations and special effects applied to these elements, the types of
transition effect used in the output  production, the source and
presentation of all overlays such as text and graphics 1 0 JUN 2005 WO
02/052565 PCT/SG00/00197 13 used in the Output production, the timing of
all of these elements, etc. The MSG  controls the renderer (see just below)
and also plays an important role during  manual touch-up: it is the primary
underlying data structure which the user  interacts with at this stage,
being a full representation of the current production at 5 all times and
being updated to reflect changes made by the user. The MSG can optionally
be saved and reloaded for later use, allowing progressive  touch-up of the
final production. Also, parts of the MSG (for example temporal  regions or
certain types of edit information) can be "locked" and others 10
"unlocked". This allows an output production to be made by progressive
refinement: the user instructs the system to run the constructor (and
renderer),  views the resulting output production, locks regions or
features that he/she likes,  runs the constructor (and renderer) again to
replace the unlockedregions/features,  views the altered output production,
locks another set of regions/features, and so  15 on. The logic of the
constructor and the structure of the MSG are described in detail  below. 20
- The renderer [123]. This produces an output production according to the
information in the MSG. In other words, it interprets the MSG data as
instructions  and, according to these instructions, selects elements of the
input material, applies  processes such as sequencing, transformation,
combination and concatenation to  



the selections, and transfers or copies them to an output such as a file or
an 25 audiovisual monitor. The result is the output production. The kind of
operations  performed by the renderer are generally well-known in the art
and do not require  further explanation, being found in many non-linear
video editors and generally  supported by standard video architectures such
as DirectShow from Microsoft Inc.  and QuickTime from Apple Inc. The
renderer may include a compression module, 30 compressing the output
production using techniques such as digital video  compression and digital
audio compression which are well-know in the art, for  example as defined
by the MPEG (Motion Picture Experts Group) standards body. 10 JUN 2005  WO
02/052565 PCT/SG00/00197 14 Distributed Production In general in this
document, the invention is described as a single system including the  5
media analyzers, the constructor and the renderer. However it can also be a
distributed system in which each of these modules is a separate program,
potentially  run at different times at different locations by different
parties. It has already been  mentioned that media descriptions can be
stored and imported when needed by the  constructor. Such media
descriptions can be created by media analyzer modules 10 invoked at any
earlier time at any location by any party. Likewise, because the MSG is a
complete representation of the form of the output  production or a complete
set of instructions for making the output production, the  renderer can be
run separately from the constructor or analyzers. It can even be run in 15
real-time while the output production is viewed, in other words creating
the output  production on the fly, in which case the renderer is in effect
a sophisticated playback  engine. All that is required to make this
possible is that the MSG and the input material are available at the time
of rendering. 20 For example, in an application where two parties share
access to a common body of  input material, or have two identical copies of
the input material, one party can run the  



analyzers and constructor in order to create an MSG, then send this MSG to
the  second party whereupon the second party runs the renderer to create
the output  production "on the fly" as she/he views it. In another example,
a community of 25 people can first acquire copies of a common body of input
material and associated  pre-created media descriptions, then individually
produce output productions which  they share with each other simply by
transmitting different MSG's. The advantage of  this is that each MSG is a
small amount of data compared to typical media data and  can therefore be
transmitted quickly and easily. The common body of media is suited 30 to
distribution on a medium such as CD-ROM or DVD; the community of people
owning the CD-ROM/DVD can share their productions by, for example,
forwarding  MSG's as email attachments. . 1 0 JUN 2005  WO 02/052565
PCT/SGOO/00197 15 The process of automatic construction will now be
described in detail with reference  to figs. 2 to 8. 5 Video Editing
Example Fig. 2 shows a typical example in which an output production is
created from input  material by the application of the construction
processes listed above: segmentation,  selective inclusion, sequencing,
transformation and combination. (This figure is a  purely visual example,
not showing audio.) In traditional linear and non-linear editing 10 these
processes are well-known and applied manually. The main purpose of the
current invention is to automate them fully or partially. Before describing
how the  invention achieves such automation, it is useful to consider some
of the examples  illustrated in fig. 2: 15 - Segmentation. Two pieces of
input video [201, 202] such as digital video files  are segmented to
produce five "source" segments, sSegl to sSeg5 [211, 212, 213,  214, 215].
One of these, sSeg5 [215] is a segment consisting of a single frame. -
Selective inclusion. The five source segments [211 - 215] are included in
the 



20 output video production while the remaining material from the input
video is not  used. A single image, sImage1 [216] is also included. -
Sequencing. In this example, the order of the segments comprising the
output  production is not the same as their order in the input material.
For example, in the 25 output production, the first two segments from input
video B [211, 214] are  interspersed by two segments from input video A
[212, 213]. - Transformation. Several examples of transformation are shown
in fig. 2. The  segment sSeg2 is transformed to monochrome by removing its
color information 30 to preserve only its luminosity [220]. sSeg3 is
transformed by adding flash  effects, i.e. in which the luminosity of
regions within one or more frames is  increased [221]. sSeg4 is subjected
to a time transformation, slowing it to 0.4x its 1 0 JUN 2005 WO 02/052565
PCT/SGOO/00197 16 original speed by, for example, creating new interpolated
frames between the  original frames [222]. sSeg5 is subjected to a more
extreme time transformation,  in which its single frame is copied to
several successive frames to create a freeze  [223]. sImage1 is also copied
to a number of successive frames so that it forms a 5 segment of the output
production [224]. Many other such video transformations  are well-known in
the art. In addition, text and graphic elements used as overlays  may be
transformed in various ways: for example animated so that they change
position, size, shape, color, etc as time progresses, possibly in response
to  parameters of music as described below. (These are indicated on fig. 2
as 10 "AniText" [225] and "AniGraphic" [226].) Text and graphic elements
may also  be faded in [235] and out [236]. - Combination. Fig. 2 also
illustrates several ways of combining the input material.  The transformed
segments dSegl and dSeg2 are concatenated to form a cut or 15 "butt-edit"
[230]. Other segments are concatenated with partial overlaps, allowing the
use of dissolves [231], wipes [234] and other transition effects well-known
in  



the art. Text and graphic elements, both static [227] and animated [225,
226] are  overlaid on the video to form the final production. 20 Fig. 2
also contains a simple example of material generated by the system without
using the input material: a black background [228] on top of which text
[227] is  overlaid. All the above involve timing references relative to the
output production; these are  25 shown as vertical dotted lines projected
onto the timeline [240] of the output production. Segments of input video
involve an additional set of timing references  relative to their input
video source file, for example the start time [241] and end time  [242] of
sSeg4. 30 In conventional NLEs, the user makes all decisions about which of
these processes to  apply and where to apply them. The current invention
creates an output production  automatically by making the decisions itself
and invoking processes such as those 1 0 JUN 2005  WO 02/052565
PCT/SGOO/00197 17 above accordingly. The constructor [121] is the heart of
the system and decides which  processes to apply and where to apply them,
while the renderer [123] performs the  actual processing. 5 The
Construction Process Fig. 3 shows a central construction principle of the
invention. Construction logic [301]  in the constructor takes style
information [302] and media descriptions (descriptions  of video and/or
images [303] and optionally a music description [304]) as input, using 1o
information from both to make a set of edit decisions which are stored in
the MSG  [305] and which specify the output production. The style
information may be  considered a set of preferences, suggestions or
requests to the construction logic. The  way in which the construction
logic acts upon these preferences depends on the values  of data in the
media descriptions, so that the specific set of edit decisions is dependent



15 both upon the style information and upon the nature of the input
material. Some examples of this process will now be presented in more
detail, starting from the  nature of styles. 20 Styles Styles may be
defined by data or logic or some mix of the two. For example, the style
information [302] of fig. 3 could be a set of manually-defined parameters
which are  imported by the construction logic, or they could be a set of
parameters generated by  programmed style logic such as a style class in an
object-oriented programming 25 implementation. This distinction is not very
important here and the following  discussion refers to both
interchangeably. Style information is created by a style designer, for
example by a process of manually  defining a set of values for parameters,
and the aim of the style designer is to create 30 styles which will cause
the system to generate high-quality output productions. The  information
comprising styles may be categorized according to which part of the WO
02/052565 18 1 0 JUN 2005  PCT/SGOO/00197 construction process they affect,
using a similar categorization to that used above. For  example, the style
information of one embodiment has the following: "Segmentation parameters".
A number of these affect the way in which the  5 input video or input
soundtrack will be segmented. Many techniques for segmentation of video are
well known in the art, such as segmentation into  shots using color
histogram techniques, segmentation based upon the sonic  characteristics of
the associated soundtrack, etc. The segmentation may be  linear, specifying
a set of segments of equal weight in a list from start to end of 10 'the
input material, or it may be hierarchical, in which the input material is
divided into segments which contain other segments in a hierarchy of
segment  durations. Each style specifies which techniques to use, and
specifies  



parameters controlling the segmentation including threshold values (such as
degree of change of color histogram which is to be interpreted as a shot 15
transition), minimum and maximum segment lengths, minimum number of
segments to be specified, etc. In addition to these parameters controlling
the  segmentation of the input video or input soundtrack there is a
parameter  controlling the preferred segment duration - i.e. the preferred
duration of the  segments which are to comprise the output production. This
controls the 20 "cutting speed", an important characteristic of the output
production. - "Selective inclusion parameters". These are a set of
parameters which control  the selection of elements of the input material
(such as segments of video,  music or soundtrack, selected images, or
regions within images or video 25 frames) to be used at different points in
the output production. In particular, in  this embodiment they are a set of
target values for media descriptors including  brightness (average
luminosity of video or image) and preferred activity level  (average total
motion of video). In other embodiments, any of the kinds of  descriptors
mentioned above (under "Analysis and Description Components")  30 can be
used. 10 JUN 2  WO 02/052565 PCT/ G00/0011997 19 - "Sequencing rules". Each
style specifies the way in which sequencing is to be  handled. For example,
a parameter can specify whether the elements of the  input material
comprising the output production are to be chosen sequentially  (in same
order as they occur in the input material), non-sequentially (without 5
regard to their sequence in the input material) or partly-sequentially (for
example, within a certain distance of a time location which moves
sequentially  through the material, thus preserving the original sequence
at a macroscopic  scale but allowing non-sequential selection at smaller
scales). 10 - "Transformation parameters". These specify a set of
transformations to be  



used in each style, and specify rules for which kinds of transformation are
to  be applied at different points in the output production. For example a
set of  parameters may specify a particular type of flash effect to be used
in terms of  its brightness, radius, duration, etc, and a set of rules may
specify when this  15 flash is to be applied, such as "in every fourth
segment of the output production, but only if the time since the last flash
effect exceeds l Os and the  brightness of the current segment is below a
given value". Transformation  parameters also specify the ways in which
text and graphic elements are to be  presented and animated, including
static and dynamic values for position, size,  20 shape, color, etc. -
"Combination parameters". These specify the way in which elements of the
input material (and material generated by the system) are to be combined:
for  example the types of transition (cut/dissolve/wipe) to use, how often
and in 25 what sequence to use each type, the duration of transitions, when
and for how  long to generate blank backgrounds, when to overlay
text/graphics elements  and what type of material they may be overlaid on
top of (for example, to  avoid overlaying white text.on video material of
brightness above a certain  value), etc. 30 The precise choice of
parameters and their values is both highly dependent on context  and
partially subjective. The range of possibilities is enormous and influenced
by WO 02/052565 20 10JUN2005  PCT/SG00/00197 factors such as the type and
range of input material which must be handled  successfully, the
demographics and preferences of target users of the system, and  other such
factors. 5 Generating Variety in Edit Decisions 



In order to create an interesting production, it is usually necessary to
introduce some  variation in the edit decisions through the course of a
production. For example, in  most cases it is desirable to vary the
preferred segment duration introduced above. A  production consisting of
segments of identical length would quickly become tedious, 10 so the
duration of segments must be varied to create a satisfying "edit rhythm".
In one embodiment, this need to introduce variety is addressed in several
ways which  may be used singly or in combination: 15 - "Sections" and "
sub-styles". The output production is structured as a series of  sections,
each of which is assigned a different sub-style. These sub-styles are  used
in a certain order, the sub-style sequence, in which sub-styles may
optionally be repeated. Each sub-style contains values for some or all of
the  style parameters (and/or logic for generating style information). For
example  20 this scheme makes it possible to specify a style which defines
three sections in the output production, in which the first section
comprises long segments, of  low brightness, with few special effects,
concatenated with slow dissolve  transitions, the second section comprises
short segments, of high brightness,  with many special effects, butt-edited
together with sharp cuts, and the third 25 section has the same
characteristics as the first. "Gradual evolution". It is also possible to
specify gradual changes for some  subset of the style parameters. For
example, instead of the two contrasting  sections of the previous example,
there can be a slow evolution from the 30 characteristics of the first
sub-style to the second sub-style. In this example it  is also possible to
have two clearly-defined sections with most parameters 1 0 JUN 2005  WO
02/052565 PCT/SGOO/00197 21 changing abruptly at the sub-style transition,
yet allow a small number of  parameters to vary gradually during the course
of the output production. - "Stochastic generation". Limited random
variations are introduced at the level  



5 of each segment of the output video, providing the constructor with some
variation in parameter values for each segment. For example a sub-style may
specify that preferred segment duration is to be assigned a random value
between 1 S and 2S using a normal distribution with standard deviation of
0.255. In this case, each time the constructor requests a value from the
sub 10 style, the supplied value will be different, but will always lie
between the 1S  and 2S limits. "Value cycles". These also operate at the
level of each segment of the output  video. Each parameter is assigned a
series of values and these values are used 15 in a repeating sequence. For
example in a particular sub-style, preferred segment duration might have a
sequence of 3 values: 4, 2, 2 (seconds).  Wherever this sub-style used, the
durations of the segments in the output  production will cycle 4, 2, 2, 4,
2, 2, 4, 2, 2, etc. Cycle lengths for different  parameters may be the same
or different. For example, in table 1 below, 20 segment target brightness
alternates between dark and bright (cycle length of  2), segment duration
and transition type have a cycle length of 3, every 4th  segment is
transformed to monochrome and every 8th segment includes a flash  effect.
The overall pattern will only repeat every 24th segment. This creates
variety, yet introduces a cyclic quality into the edit rhythm of the output
25 production. Many viewers will not notice this explicitly - it may be
subliminal  - but it creates a different effect to stochastic variation and
will be perceived as  improving the quality of the production in some
cases. This is particularly true  when the output production is a
music-based production as described below. 30 WO 02/052565 22 1 0 JUN 2005
PCT/SG00/00197 Cycle123456789101112 



Length Target
Brightness2DarkBrightDarkBrightDarkBrightDarkBrightDarkBrightDarkBright
Duration (s)3422422422422
Transition3CutCutDiss,CutCutDiss.CutCutDiss.CutCutDiss. type Color
or4MCCCMCCCMCCC Monochrome? Flash effect?8NoNoNoNoNoNoNoYesNoNoNoNo Time 4
- 4 4 4 Table 1 5 Selection of Elements of the Input Material to Construct
the Output production A central function of the constructor is to select
and sequence the elements of the input  material (such as segments of
video, music or soundtrack, selected images, or regions  within images or
video frames) which will form the output production. This will now  be
described for cases where the input material is video and the elements of
the input 10 material in question are video segments. The process for other
media such as a set of  images is related and generally simpler. As
described above (see "sequencing rules"), styles specify whether the
elements of the  input material comprising the output production are to be
chosen sequentially, non 15 sequentially or partly-sequentially from the
input material. The process of selecting  elements of the input material
involves a number of complexities which will now be  explained with
reference to a sequential case and a non-sequential case. Variants of
these cases, such as partly-sequential cases, can be achieved using a mix
of the techniques described in the following. 20 1 0 JUN 2005 WO 02/052565
PCT/SGOO/00197 23 



Segment Selection: A Sequential Case Fig. 4 shows a common sequential case
in which there is a single contiguous piece of  input video [401]. The
input video has duration D1, significantly longer than the output
production [402], which is of duration Do. The ratio of input to output
durations is Rio = 5 D; / Do. The input video has been divided into
segments such as shots, labeled I1 - Is in  this figure. The constructor
builds the output production segment by segment. In this example, it  has
already built 6 segments, 01 to 06 and is about to build the next segment.
To select 10 a new segment the constructor follows the flowchart in fig. 5.
The process will now be  described with reference to both figs. 4 and 5.
The constructor first gets the start time in the output production [501]
for the new  segment [403], labeled to in Fig. 4. It then gets a set of
parameters required for the new 15 segment, for example from the style
information, including the required segment  duration do and data about
effects and transitions [502]. The duration then has to be  adjusted [503]
to produce a target segment duration dT [404] for the segment which is to
be taken from the input video, allowing for two things: 20 - If there are
overlapping transitions such as dissolves before and/or after the  segment,
the duration of these must be included in the target segment duration  dT.
- If the effects to be applied involve any speed change, the duration has
to be 25 scaled. For example, if the output segment is to be played at
double speed, the  target segment duration dT has to be twice the duration
of the output segment do . The constructor then calculates a time ti in the
input video at which it will start looking  for a suitable segment [504].
In sequential cases it is generally desirable that the ouput 30 production
be approximately linear with respect to the input video, and to achieve
this  the input video segment should ideally be taken from a time location
calculated as  follows: WO 02/052565 24 



ti = Rio * to 10 JUN 2005  PCT/SG00/00197 In other words the relative
position in the input and output videos should be the same. 5 The
constructor checks whether there is a subsegment of the segment at ti which
is long  enough to form the new segment - i.e. which is at least dT in
duration [505]. In addition  to having duration >= dT, the choice of
subsegment is subject to two constraints: 10 - It should not cross a
segment boundary in the input video. For example, if the  input video has
been segmented into shots, it is undesirable to cross a segment  boundary
because doing so will introduce an unintended cut into the output
production. Also shot boundaries in raw video material are often not clean
cuts;  for example there may be a few bad frames as a camcorder
re-synchronizes after 15 being re-started, making it undesirable to use
material that crosses a shot  boundary. Referring to fig. 4, the question
is whether the subsegment of video  between ti and the end of input segment
15 [405] is at least dT in duration. - Since this is a strictly sequential
case, output material is always presented in the  20 same time order as it
appears in the input video and may not repeat. Thus in order for a
subsegment to be selected it must start from a location in the input  video
which is later than previously-selected material. The search logic may
optionally search backwards from ti but it must only go back as far as the
end of  the previously-used material. (This is not shown explicitly in fig.
5.) 25 If such a piece cannot be found within the input segment at ti , the
constructor searches  forward [506]into later segments looking for a
segment which is long enough (duration  >= dT). However there is no point
searching too far forward: selecting a segment far  ahead of the current
location in the input video would not allow later segments to be 30
sequential . A suitable location in the input video at which to stop
searching is given by  the formula ti-stop = Rio * (to+ do). 



10 JUN 2005  WO 02/052565 PCT/SGOO/00197 25 If the constructor finds a
segment or subsegment from the above, it then chooses a piece  of duration
dT from within it [507] to use as the output segment. The choice of this
piece can be simple: it may, for example, simply choose the first part of
the subsegment.  Or it be sophisticated, attempting to find a piece of
length dT which meets other criteria, 5 for example by matching descriptor
target values (using similar principles to those  described below for a
non-sequential case) or by selecting pieces which are estimated to  be more
interesting or superior in quality to the surrounding material (also see
below);  this is most useful when the segments of input video are
significantly longer than the  segments of the output video, a common
situation. 10 If the constructor is unable to find a suitable segment from
either of the above  approaches, it relaxes the constraint that an output
segment should not contain a  segment boundary in the input video and
builds an output segment of duration dT from  two or more
segments/subsegments of the input video [508]. 15 Segment Selection: A
Non-Sequential Case In this non-sequential case (fig. 6) some of the steps
are the same as in the sequential  case just described. 20 As in the above,
the Constructor first gets the start time in the output production for the
new segment [601] and then gets a set of parameters required for the new
segment, for  example from the Style Information, including the required
segment duration do and  data about effects and transitions [602]. In this
non-sequential case, it also gets a set of 25 target descriptor values from
the style information [603]; it will select segments which  match this set
of values. The duration then has to be adjusted to produce a target segment
duration dT for the  



segment which is to be taken from the input video [604], allowing for
transitions and  30 speed changes in the same way as described above for a
sequential case. WO 02/052565 26 1 0 JUN 2005  PCT/SG00/00197 The next step
[605] is to find a set of candidate segments or subsegments of the input
video. These are segments which are at least dT in duration. They may also
have to  satisfy other criteria. For example, although some re-use of
material may be permitted  in certain non-sequential cases (unlike a
strictly sequential case) it is generally desirable 5 to limit the number
of times the same material appears in the output production. This  can be
achieved by keeping a count of how often each part of the input video has
been  used, in which case a candidate (sub)segment is any contiguous part
of a single segment  of the input material that has been used less than the
maximum permitted number of  times and is at least dT in duration. 10 If no
such (sub)segment can be found, the constructor relaxes a constraint - for
example, as in the sequential case above, it may build an output segment of
duration dT  from two or more segments/subsegments of the input video. (Not
shown in figure.) 15 The Constructor then gets descriptor values from the
media description for these  "candidate" (sub)segments [606] and evaluates
a distance in descriptor space between  each of these candidate points and
the target descriptor values [607]. (This process is  further described
below, and shown in expanded form in Fig. 7). Finally the constructor
selects the candidate segment corresponding to the candidate point that has
the smallest 20 distance from the target point [608] and uses it in the
output production [609]. Selecting Segments by Proximity in Descriptor
Space As mentioned above, there is a need to select a best-match
(sub)segment from a set of  candidate (sub)segments. The best match is the
(sub)segment which lies closest to the  25 set of target values in the
"descriptor space" (an n-dimensional space in which each of n 



descriptors is represented) - i.e. for which a distance measure between the
given point  (coordinates defined by the target values from the style
information) and the candidate  point (coordinates defined by the set of
values in the media description) is smallest. 1 0 JUN 2005  WO 02/052565
PCT/SGOO/00197 27 Although simple in principle, there are several issues to
consider in this matching  process. They will be described with reference
to Fig. 7. This description concerns  cases where the input material is
video, but the principles apply to other media. 5 1. To ensure that the
distance calculation gives results which correspond well to  human
expectations, it is important that all descriptors use a perceptual scale
[701]. This is a scale in which a given difference in the descriptor value
according to the scale is experienced by a user as a given difference in
the  perceived value, regardless of the position within the overall
descriptor range. 10 In most cases this can be approximated by the
logarithm of some physical  property. 2. In general, descriptors may be in
different units with very different ranges. For  example segment duration
may be in seconds ranging from 0 to 30 while another  15 descriptor uses a
scale from 1 to 1000. To prevent this from affecting the distance
calculation, we must normalize the units to a common scale such as 0 to  1.
Such "unit normalization" [702] can be done using a straightforward linear
transformation such as: 20 x' = (x - xmin) / (xmax - xmin) where: 25 x is a
value in native (not unit-normalized) units,  xmin is the minimum value in
native units  xmax is the maximum value in native units x' is the value in
unit-normalized units 



3. It is desirable that the system should produce satisfactory output for
any kind of  input video material provided by a user, without any
constraints. Thus the 30 system has no control over the spread of the
descriptor values in the video  description. For example, consider a case
in which a set of descriptors extracted 1 0 JUN 2005  WO 02/052565
PCT/SGOO/00197 28 by analysis have similar values for all but one of the
segments of the input video  material. In other words, all but one of the
points representing the segments are  clustered together in a small part of
the descriptor space, and the remaining point  is far away. In this case it
is possible that the single isolated point is the closest 5 point to all
the target values provided by the style information. If a simple  distance
measure were used, it would lead to this segment being chosen every  time,
potentially resulting in an output production which consists of the same
segment repeated a great many times - clearly not an acceptable result. 10
One approach to solving this problem is to exploit variation in the
extracted  descriptors in order to create variety in the output video, even
when the variation  is small. This can be achieved by "distribution
normalization" [703]: i.e. linearly scaling and shifting the values of the
descriptors for each point so that  such clustering is eliminated or
reduced. To normalize the distribution, we 15 apply a formula such as the
following to each descriptor in turn: ((x - m) * s' / s) + m' where: 20 25
. x is a value before distribution normalization  m is the mean of the
input values s is the deviation* of the input values m' is the mean of the
desired (output) distribution 



s' is the deviation* of the desired (output) distribution  x' is the value
in distribution-normalized units * For example this can be the standard
deviation or the average deviation (in  their usual statistical
definitions). The standard deviation is generally considered to be more
accurate in most cases, while the average deviation can be  30 calculated
more quickly. 1 0 JUN 2005  WO 02/052565 PCT/SG00/00197  29 Distribution
normalization can be applied in either of two ways: a) Normalize both the
set of descriptor values from the video description and  the set of target
values from the style information so that they conform to a  5 common,
standardized distribution - i.e. fixed values form' and s' . (Another way
to do this, identical in end-result, is to adjust one set of values  so
that it has the same distribution as the other.) b) Normalize just one set
of values - for example just the values from the video  10 description - to
a common, standardized distribution. In this case the distribution of each
set will not necessarily be the same. These two approaches may be used in
different cases. Each has advantages and  disadvantages and may be
supported in different styles. The advantage of a) is 15 that it tends to
give unique matches because the distributions "lie on top of each  other".
Its disadvantage is that it discards any deliberate global bias of the mean
of the values in a style; in fact it becomes impossible to bias the mean of
a style  towards either extreme. For example, if we create a style in which
all target  values of brightness are high, then option a) will discard that
preference for 20 bright segments, giving the same bright/dark mix as a
non-biased set of values.  Conversely the advantage of b) is that it can
preserve such biases, and its  disadvantage is that it may not give unique
matches so successfully since the  two distributions may not "lie on top of
each other". (On the other hand, since  



the distribution of values from the Style Information is under control of
the 25 system designer, they can probably be made similar manually. But
this may not  be easy in all cases.) 4. After applying distribution
normalization, outliers in the data may fall outside a  given range. To
facilitate the distance calculation it is usually necessary to 30 discard
such outliers or to bring them back within given limits [704]. 10 JUN 205
WO 02/052565 PCT/SGOO/00197 30  5. Some descriptors may be more significant
than others in determining perceived  similarity. It is desirable to weight
descriptors accordingly. It is also desirable to allow certain descriptors
to be ignored in some, but not all  5 cases. For example a particular
sub-style may specify target brightness and segment duration, but ignore
another descriptor such as activity level. This sub- style may have to be
used alongside other sub-styles which do specify activity  level, and the
distance values produced in each case must be comparable with  each other.
This can be achieved in the distance calculation by adding distance 10 only
for descriptors which are "significant", i.e. which are not to be ignored.
This is equivalent to saying that, for a descriptor which is not
significant, any  value is a perfect match to the target value of that
descriptor. A distance calculation which takes into account weighting and
allows  15 descriptors to be ignored is as follows [705]: D = SQRT (SUMD (
(I vgd - Vcd I A 2) * Wd) ) 20 where: 25 D is the distance for a pair of
points (one given, one candidate)  SQRT is a square root operation SUMD is
the sum over the set of significant descriptors (i.e. excluding  



the pnes to be ignored) Vgd is the value of the d'th descriptor for a given
point  Vcd is the value of the d'th descriptor for a candidate point  A 2
is a squaring operation Wd is the weight for descriptor d 30 10 JUN 2005
WO 02/052565 PCT/SGOO/00197 31 6. The candidate segments, or a subset
consisting of the those which lie closest to  the target point, are listed
in the order of their proximity to the target point [706].  Note that in
the example described above with reference to Fig. 6 it is only  necessary
to supply the single closest match. However, to support manual 5 touch-up
as described elsewhere in this document, it is desirable to have a list of
alternative candidate segments ordered by proximity. The above describes
direct matching of descriptors in which the types of descriptor in  the
Style Information are identical to the types of descriptor in the media
description: 10 for example a brightness descriptor in the Style
Information is matched to a brightness  descriptor in the media
description. It is also possible to use indirect matching, in which  the
set of descriptors used in the Style Information are mapped to a different
set of  descriptors in the media description via a mathematical or
algorithmic relationship. For  example the style information might have a
"PeopleEnergy" descriptor defined as: 15 PeopleEnergy = 0.6 * Log(Activity)
+ 0.4 * PersonProbability where "Activity" is a measure of the total
average movement in a video segment and  "PersonProbability" is a measure
of the likelihood that the segment contains images of 20 at least one
person (for example using a skin-color detection algorithm well-known in
the art). Such descriptors, defined by a mathematical or algorithmic
manipulation  applied to one or more other descriptors, may be termed
"derived descriptors". 



It is sometimes effective to define target values in the style information
in terms of such  25 derived descriptors, because this allows the use of
"higher-level" descriptors which are closer to the kind of
semantically-meaningful descriptors understood easily by human  beings. In
the above example, the style information would contain target values for
PeopleEnergy while "Activity" and "PersonProbability" would be extracted by
signal  analysis of the input video. 30 If derived descriptors are used,
the constructor logic can calculate values for the derived  descriptors by
applying mathematical or algorithmic manipulation to the lower level 10 JUN
2005  WO 02/052565 PCT/SGOO/00197  32 descriptors of the media description
and then perform descriptor matching on the values  of the derived
descriptors. Optimizing the Selection of Material 5 As mentioned above, the
amount of input material is often much greater than the length  of the
output production and it is therefore desirable in some cases to select
parts of the  input material which are estimated to be more interesting or
superior in quality to the  rest of the material This is related to segment
selection as described above, and it may  use some of the same techniques,
but its purpose is somewhat different: segment 1o selection as described
above is primarily concerned with where parts of the input  material should
be placed in the output production, whereas optimizing the selection of
material is primarily concerned with which parts of the input material
should be used in  the output production. 15 Present technology does not
provide techniques to determine the semantic content of  video or images
reliably across all kinds of material using signal analysis techniques. It
is therefore impossible for an automatic system to select material exactly
as a human  video editor would do it. Furthermore, this is a highly
subjective subject: different  human editors would select different
material. Nevertheless it is possible to bias the 



20 selection of material in such a way that the majority of users will
judge it to be more  interesting or superior in quality to the average of
the input material. To put it another  way, the goal is automatically to
select material which is generally "better", at least  within certain types
of material, than an unbiased set of samples taken from the input
material. 25 Here are two examples of how this may be achieved: 1. Across
many kinds of content, material containing images of people will generally
be considered more interesting than material not containing images of
people. 30 Image processing techniques for detecting the presence of human
beings are well  known in the art - for example using skin color, face
shape, or body shape. Using  such techniques, it is possible to calculate a
descriptor which represents the 1 0 JUN 2005 WO 02/052565 PCT/SGOO/00197 33
probability that an image or a segment of video contains one or more human
beings.  Material with a high value of this descriptor can then be selected
in preference to  material with a low value of the descriptor. 5 2. In
"handheld" video footage (i.e. video recorded by a camera held in the hands
rather than attached to a fixed mount such as a tripod) there is tendency
for users,  especially non-professional users, to move the camera around
until they see  something of special interest in the viewfinder. In other
words, for handheld  material, segments of the resulting video with low
camera movement tend to be 10 more interesting than segments with high
camera movement. Techniques for  estimating camera movement are well known
in the art - for example techniques  based upon extracting motion vectors.
Thus it is possible first to identify that input  video material is
handheld (this can be determined by analyzing the pattern of  movement in
time, or it can simply be information provided by the user in response 15
to a prompt) and then, if it is handheld material, to select portions with
low camera  



movement. These techniques may be provided as options which a user of the
system can invoke  when desired. Alternatively they may be invoked when the
user selects certain styles 20 and not invoked for other styles: for
example the low-motion handheld techniques just  described may be desirable
in a style intended to produce output productions which are  soothing or
"laid back", but not suitable in a style intended to create high-energy,
fast- paced productions. 25 The Media Scene Graph (MSG) As explained above,
the MSG is a data structure produced by the constructor which  completely
represents the form of the output production. In this sense it is related
to the  concept of an edit decision list (EDL) well known in the prior art.
However the MSG is 30 also the primary underlying data structure which the
user interacts with during touch-up,  while a typical EDL is a linear
structure which does not lend itself well to this kind of 1 0 JUN 2005  WO
02/052565 PCT/SG00/00197  34 manipulation. An MSG structure which is
better-suited to this kind of manipulation will  now be described with
reference to Fig. 8. The structure is essentially a tree in which the
output production is the root [801]. Some  5 of the branches of the tree
are concerned with definitions; these specify the properties of certain
entities which are used in the output production. They include a definition
for  every kind of transformation [802] used in the Output Production (e.g.
specifying that a  certain flash effect has a certain brightness, color,
radius, duration, etc). They also  include definitions for transitions
[803] such as dissolves, definitions for text [804] 10 including animated
text, definitions for graphic elements [805] including animated  graphics,
definitions for blank backgrounds [806], etc. The MSG also has one or more
branches for timelines. Fig. 8 shows one main timeline  [807] and one
overlay timeline [808] with purposes similar to the two timelines of Fig. 



15 2. The main timeline contains an entry for each of the segments forming
the output  production including segments derived from elements of the
input material [810] and  blanks constructed by the system [811].
Transformations [812] of those segments and  the transitions [813] between
them are also specified; these are in the form of references  to the
transformation and transition definitions mentioned above. The main
timeline 20 may also support an additional level of structure in the form
of sections [814], each  corresponding to the use of a single sub-style
(see " Creating Variety in Edit Parameters  " above); this facilitates
user-selected touch-up operations which are to be applied to  entire
sections of the output production. Finally, the overlay timeline [808]
specifies a  sequence of overlays by referencing the textual [815] and
graphical [816] definitions, 25 optionally including animation information.
The entries for segments, overlays, etc which comprise the timelines
contain time data  relating both to the output production, and in some
cases to the input material. For  example, for video segments it is
necessary to specify a location (such as a start-time) 30 and a duration in
the output production; it is also necessary to specify the source such as
a start-time and duration in the input material. I 0 JUN 2005  WO 02/052565
PCT/SGOO/00197 35 Graphical User Interface (GUI) Due to the high degree of
automation in the production process, the invention can in  some cases
produce an output production of acceptable quality without human 5
intervention. Thus, in certain embodiments of the invention, the GUI can be
very  simple, or indeed non-existent. An example of a very simple, yet
viable GUI is shown in Fig. 9. There are three main  user controls, such as
buttons, for performing the following functions: 10 1. A control allowing
the user to select the input material [901 ]. For example, this  can prompt
the user to give the name of one or more video or image files  



containing the input material 15 2. A control allowing the user to select a
style [902]. For example, when this is  invoked, the user can be shown a
list of available styles and prompted to select  one. 3. A control which
causes the output production to be created [903]. For example,  20 this can
prompt the user to give the name of a file which will store the output
production. Once the user supplies this filename, the main processing
modules  of the system - the media analyzers, the constructor and the
renderer - are  invoked in order to create the output production. 25 There
is also a standard control for closing the program [904]. A variant of this
is shown in Fig. 10. This has five main user controls, such as buttons,
for performing the following functions: 30 1. A control allowing the user
to select the input visual material [1001]. For  example, this can prompt
the user to give the name of one or more video or 1 0 JUN 2005  WO
02/052565 PCT/SG00/00197 36 image files containing the input material. It
can also prompt for the names of  one or more files containing graphical
overlays such as logos. 2. A control allowing the user to select input
music [1002]. For example, this can  5 prompt the user to give the name of
one or more sound files containing recorded  music. 3. A control allowing
the user to add text [1003]. For example, this can prompt the  user to
enter textual information into a form. The text will be overlaid on the 10
output production. Uses of overlaid text include titles, credits (for
people and  organizations involved in the production), subtitles, messages
such as  explanatory or advertising messages, etc. 4. A control allowing
the user to select or define a style [1004]. To select a style  15 the user
can be shown a list of available styles and prompted to select one as 



described in the previous example. To define a style, the user can for
example  be shown a form containing the values of all the parameters of the
style  Information and prompted to enter or alter the values. 20 5. A
control which causes the output production to be created [1005]. This can
prompt the user to give the name of a file which will store the output
production  as described in the previous example. Once the user supplies
this filename, the  main processing modules of the system - the media
analyzers, the constructor  and the renderer - are invoked. In this
example, the visual material is edited to 25 music to in order to create a
music-based production as described below, and the  music replaces or is
mixed with the input soundtrack. The text and graphical  elements are then
overlaid to produce the output production. The text and  graphics may be
animated to the music as described below. 30 There is also a standard
control for closing the program [1006]. 10 JUN 20  WO 02/052565
PCT/SGOO/00197 37 In either of the above examples the output production can
be viewed from an external  program such a media player. Alternatively, the
GUI elements described above can be  supplemented with a viewing window and
"transport controls" well-known in the art, so  that the user can view the
output production from within the system. 5 In other embodiments, the GUI
may include additional features for manual interaction.  The motivation for
these is that, although the primary purpose of the invention is to
automate the editing process, it cannot always do this completely in every
case.  Depending on the nature of the input material and the application in
question, an output 10 production created fully automatically may not match
the user's preferences in every  detail. Thus it may be desirable to
support features for manual interaction such as: o Pre-selection of
content. This provides an option for the user to select or de- select
elements of the input material (such as segments of video, music or 



15 soundtrack, selected images, or regions within images or video frames)
prior to  automatic construction. The user identifies elements of the input
material and  specifies whether, where, or in what sequence they are to be
used during the  construction process. For example, the user may specify
that a particular  segment A must be included in the output production and
must be the final shot, 20 that another segment B is optional with a
certain probability of inclusion  depending on other factors that arise
during construction, that a third segment C  should be included only if B
is included and must occur later than B in the  output production, and that
a fourth segment D must not be included. This  process of pre-selection may
be assisted by the media descriptions: for example, 25 segmentation
information in a video description can be used to present input  video to
the user as a series of shots; this is generally more convenient for the
user than a single contiguous piece of video. Information from the media
descriptions can also be used to categorize or cluster input material in
ways  which help the user: for example a set of input images or input video
segments 30 can be presented to the user in a set of "bins" each containing
a set of images  which are similar in some respect. The user can, if
required, refine this  categorization manually by adding or removing items
from the bins; she/he can 1 0 JUN 2005  WO 02/052565 PCT/SGOO/00197  38
then apply instructions such as those above ("include", "do not include",
etc) to  entire bins of images. o Pre-selection of treatment. This provides
an option for the user to select or 5 specify, prior to automatic
construction, aspects of the processing which will be  applied to elements
of the input material. For example the user might specify  that all
transition effects of the output production taking place during a certain
section of the input music must be of a certain type, such as dissolves. Or
she/he  may manually select a subset of the input images and specify that
those images 



10 are to be rendered in monochrome in the output production. Once again,
automatic processes such as segmentation and clustering based upon
information  from the media descriptions can be used to assist the user.
For example the  system can categorize segments of the input video input by
brightness, present  the user with the set of segments which fall below a
certain brightness threshold, 15 allow the user to add/remove segments from
this set, and then let the user  specify that the brightness of these
segments is to be increased by a certain  percentage in order to enhance
their visual quality. o Touch-up of the output production. This allows the
user to edit the output  20 production after automatic construction, for
example by replacing video segments of the output production with
alternative segments from the. input  material while preserving the
duration and effects applied to the segment, or by  changing some of the
transition effects, by adding or removing special effects,  by overlaying
additional text or graphics, etc. Yet again, information from the  25 media
descriptions can be used to assist the user in these operations. For
example, when the user wishes to replace a segment of video in the output
production, the system can present her/him with a representation of a set
of  alternative segments from which to choose. These segments can be listed
in  order of their similarity with the original segment according to a
similarity 30 measure derived from the video description. In a variant of
this example, the  user can be presented with two options such as "Replace
with Similar Segment" 1 0 JUN 2A05  WO 02/052565 PCT/SG00/00197  39 /
"Replace with Contrasting Segment"; once the user has selected one of these
options, the system will supply a suitable alternative segment. A quite
different example of how information in a media description can be used  5
to assist the manual touch-up process concerns the case where the output
production is a music-based production. When video is "edited to music" by



experienced video editors, the usual practice is to match certain visual
elements  to certain timing characteristics of music such as beats. In this
case, timing  information derived from the music description can be used to
influence touch 10 up operations which the user is performing manually on
the visual material of  the output production so that time-critical visual
events such as cuts and flashes  are automatically aligned with beats,
sub-beats and other significant times in the  music. For example, as the
user alters a cut point between two segments of the  output production
using a standard GUI operation such as dragging, information 15 from the
music description can be used to cause the cut point to jump between  times
in the music at which the amplitude of the music signal is high or there is
other indication that a strong beat is present. A related option is to use
quantization, a technique well-known in the field of music sequencers, in
which  event boundaries are aligned to a timing grid which is itself
aligned to the beat  20 of the music. The GUI for supporting these manual
operations can be constructed using standard  elements including lists,
hierarchical representations (such as those used in file  managers), visual
thumbnails, audio waveform displays, timelines, clip windows with 25
transport controls, etc. These elements are well known in the art, being
common in  tools such as Non-Linear Video Editors (NLE's), image editors,
audio editors and other  media-processing software. The invention can also
be embodied in a non-interactive system which simply presents  30 output
productions and does not include any GUI elements for normal use (although
such a system does require a GUI for configuring and managing it). Logic
for an  example of such an embodiment is illustrated in Fig. 11. This is
suited to creating 1 0 JUN 2005 WO 02/052565 PCT/SGOO/00197 40 output
productions from input material which is arriving continuously, for example
video or images from a "web cam" (a camera connected to the Internet).
Material is  



captured from the camera until a certain quantity or duration has been
collected [1101].  At this point, a style, and optionally a piece of input
music, are selected automatically 5 [1102, 1103]. These can simply be
random selections from a number of options, or the  style and music can be
matched to characteristics of the video description / images  description
by a process of descriptor matching as described elsewhere in this
document. The system now has the information it needs to make an output
production  and it does so [1104]. Finally it sends the output production
to an audiovisual display 10 device such as a multimedia computer or a
television set [1105]. During the creation  and delivery of this output
production, this system can continue capturing material  ready for another
production. One use for this embodiment of the invention would be to
provide automatically-constructed audiovisual productions at regular
intervals to people  in a public space, where the input material is being
captured from a live camera. 15 Music-Based Productions The embodiment is
particularly suited to creating output productions in which the  processing
and timing of visual elements is governed by the characteristics and timing
of an underlying music track. This is sometimes called "cutting to music"
and is 20 common in music videos, animated productions, promotion and
marketing videos,  television commercials and many other forms. Such
productions are referred to as  "music-based productions" in this document.
The general principle of music-based productions is that the music acts as
the time 25 reference. The visual elements are manipulated to conform to
the music, but the music  itself is not altered. Visual elements to which
this may apply include motion video,  images, animation, graphics and text.
In addition, some non-musical audio elements  such as speech and sound
effects may be manipulated or positioned in time in ways  which are
influenced by the music. In general terms, the music is "master" and the 30
other elements are "slaved" to it. 1 0 JUN 2005  WO 02/052565
PCT/SGOO/00197 



41 Music-based productions are constructed using a number of techniques.
These  techniques, today achieved through the skill of professional
editors, include the  following: 5 - The editing "pace" of the visual
material is usually governed or influenced by  some general characteristics
of the music such as its tempo (i.e. beat speed),  loudness, and overall
level of perceived "energy". For example, when the  music is faster or
louder, the output production will be constructed from shots of  shorter
average duration and the transitions between shots will be faster, using 10
more abrupt cuts and fewer slow dissolves. The musical characteristics
controlling this not only vary from one piece of music to another but also
from  section to section within a single piece of music: for example the
"energy" level  in many pop songs is higher in the choruses than in the
verses. A professional  video editor will sense this and use a faster
editing pace in the choruses than in  15 the verses. - The selection of
visual material may also be influenced by the general  characteristics of
the music. For example, video with brighter colors or faster  motion may be
selected to accompany music with greater energy, and darker or 20 more
static visual material selected to accompany music which is slower or
quieter. - The timing of cuts and other transitions in the video will
generally be  synchronized with the beat of the music or with the timing of
significant features 25 of the music. This is sometimes known as "cutting
to the beat" and is used  extensively when video material is edited over a
musical foundation. - To varying degrees, the timing of events within shots
of motion video may also  be synchronized with the beat of the music or
with the timing of significant 30 features of the music. This is
particularly true of motion events involving an  abrupt deceleration, such
as collisions between objects. For example, if a  professional editor is
incorporating a shot in which a falling object hits a floor, 



1 0 JUN 2005  WO 02/052565 PCT/SGOO/00197  42 she/he is likely to align
this moment with a strong beat or other prominent event  in the music. -
Furthermore, the selection and timing of special effects applied to the
video is  5 often influenced by characteristics of the music. For example,
flashes may be included in time with strong beats or other prominent
musical events, or a brief  freeze-frame effect may be applied at a static
moment in the music. At a larger  time-scale, some visual effects may be
applied to entire sections of the music:  for example in a music video
accompanying a pop song, the visual material of 10 the verses may be
presented in monochrome, while the visual material of the  choruses is
presented in full color. - Overlays such as text and graphics may be
influenced by characteristics of the  music. For example, the times at
which these elements appear or disappear may 15 be linked to strong beats
or other prominent musical events. They may even be  animated to the music
so that their appearance and motion is dependent on the  music: for example
they may be animated to jump between different locations  on each musical
beat, or change size or color at certain times related to the  musical
structure. 20 In summary, when visual material is to be edited to match
music, the professional editor  has available a repertoire of techniques
across a range of timescales, from the "micro- structure" of musical beats
or even subdivisions of beats, all the way up to the "macro- structure" of
the main sections comprising the piece of music. When this is done 25
successfully, the effect on the viewer/listener is enhanced: music and
video are more  likely to be perceived as a unified production and the
emotional or dramatic impact is  enhanced. The embodiment automates the
creation of music-based productions in several ways  



30 which will now be described. I 0 JUN 2005  WO 02/052565 PCT/SGOO/00197
43 Automation for Music-Based Productions The nature of the music analyzer
[116] and music description [117] have been presented  above and we have
already introduced several ways in which the creation of music- based
productions can be automated or facilitated. This aspect of the invention
will 5 now be further described. One simple way to match editing style to
music structure is to control the editing  parameters defining the visual
character of the output production directly from  parameters of the music
description. For example, the tempo of the music can be used 10 to control
the cutting speed (the inverse of the average segment duration),
beat-strength  used to control the ratio of cuts to dissolves, and loudness
used to control the brightness  of segments selected from the input video.
In a straightforward mapping of this kind, a  fast-cut output production
will result if the user selects a piece of music with a fast  tempo. Or, to
take another example, if the user selects a piece of music with contrasting
15 loud and quiet sections, the output production may have corresponding
bright and dark  sections. This approach is effective in some cases, and
the invention allows for it to be supported:  for example, it can be
implemented in certain styles, so that the user can select this 20 mode of
operation by selecting those styles. However, this approach has limitations
because it relinquishes nearly all control to the music. For example, if
the music is very  uniform, the output production may be monotonous,
because the mechanisms described  above for introducing variety are not
active. Conversely, if the music has many rapid  contrasts, the output
production may lack coherency. So this approach tends to lack 25 robustness
to different pieces of music: it may produce acceptable output productions
for some pieces of music, but is not guaranteed to work for a wide range of
musical  pieces. 



A more sophisticated alternative is to select styles and/or sub-styles
according to the  30 characteristics of the music, but then to allow the
style information to control or influence the individual edit decisions.
This produces results which are more  predictable and coherent for any
input music, because all edit decisions may be placed 10 JUN 20%  WO
02/052565 PCT/SGOO/00197 44 within bounds allowed by the style information.
It also allows the style information to  create variety even when the music
is very uniform, for example using the techniques of  stochastic generation
and value cycling described above. 5 This approach conforms more closely to
the central construction principle of the  invention described above with
reference to Fig. 3. It will now be elaborated for the  case of music-based
productions, with reference to Fig. 12. As in the previous case discussed
with reference to Fig. 3, the construction logic [ 120 1  10 receives
information from the style information [1202], the video/images description
[1203], and the music description [1204]. In response to these inputs it
generates edit  decisions which are stored in the media scene graph [1205].
This diagram shows how  the music description may be composed of two parts,
a macro-description [1206] and a  micro-description [ 1207], each
performing substantially different functions. 15 The music
macro-description [1206) contains a description of the input music at the
timescale of major sections of the music, such as introduction, verse,
chorus, etc. The  characteristics of these sections are represented by a
set of music section descriptors  which are used to produce a sub-style
sequence [1208]. As mentioned above, the sub 20 style sequence defines the
order in which the sub-styles are to be used to generate the  output
production. Once the sub-style sequence has been established, there exists,
for  any time in the output production, a corresponding sub-style. Thus,
when edit  information is required for a particular time in the output
production, that information  will be supplied by the correct sub-style. 



25 The role of the music micro-description [1207] will now be described.
Referring back  to the case, described earlier, where there is no input
music, the information passed  from styles/sub-styles to the construction
logic [1201] is effectively a set of edit  commands, and the construction
logic attempts to obey these commands if at all 30 possible. (It may not
always be possible, as some decisions-, depend upon the  video/images
description - see the discussion above about video segment selection - but
generally it is possible and where it is, the construction logic will obey
the command.) .V 10 JUN 2005  WO 02/052565 PCT/SGOO/00197 45 However, in
the case of music-based productions the information which the sub-style
passes to the construction logic is a set of preferences: these preferences
are to be  followed only after the local features of the music, derived
from the music micro 5 description [1207], are considered. The
micro-description contains a description of the  input music at the
timescale of bars, beats and sub-beat. This description can include,  or be
used to generate, a series of "edit hints". For example, one kind of edit
hint,  which can be derived directly from a music amplitude descriptor,
indicates that it is  desirable to produce a segment transition in the
output production at a certain time such  10 as on a strong beat of the
music. Once the sub-style sequence has been created, the construction logic
[1201] is able to  build the MSG as follows, starting from the beginning of
the output production and  traversing to the end of the output production:
15 - Acquire edit preferences relevant to the current time in the output
production  from the sub-style corresponding to this time. - Acquire edit
hints relevant to the current time in the input music (which is  20
directly related to the current time in the output production) from the
music  



micro-description [1207]. - Where required - when making a decision
relating to segment selection - acquire  descriptor values from the
video/images description [1203]. 25 - Make edit decisions by combining
these inputs and store the edit decisions in the  MSG [1205]. The two major
aspects of the above will now be described in greater detail by example:
30 first, how a sub-style sequence matched to music macro-structure can be
created, and second, a way in which the constructor can combine edit
preferences with edit hints to  produce edit decisions. 1 0 JUN 2005  WO
02/052565 PCT/SGOO/00197 46 Creating a Sub-Style Sequence Matched to Music
Macro-Structure The general principle used to create a sub-style sequence
matched to the music macro- 5 structure is to use descriptor matching, a
similar technique to that described in detail  above for selecting input
video segments by descriptor matching. The goal of this process is to
produce a sub-style sequence linked to the music structure  such as the
example shown in Fig. 13. This shows a sequence of music sections [1301] 10
following a structure found in many popular songs: Introduction, Verse 1,
Chorus, etc.  These are matched in a one-to-one relationship with a set of
sub-styles [1302]. The  sequence of these sub-styles - SS3, SS2, SS4, etc
in this example - is the sub-style  sequence. 15 Before proceeding it is
worth noting two features of this example. First, each time the  same music
or similar music occurs, it is linked to the same sub-style: for example
the  chorus is always linked to SS4 in this case. This is normally
desirable whenever the  music sections are very similar, and the procedure
about to be described will cause this  result in many such cases. Secondly,
there is no requirement for all the sub-styles of a 20 particular style to
be used: there is no "SS 1" in this figure, implying that sub-style 1 has  



not been selected for this particular piece of music. Fig. 14 shows one way
in which such a sub-style sequence may be derived  automatically from the
structure of the music. First, a set of descriptor values, one set 25' for
each music section, is acquired from the music description [1401]. Suitable
descriptors for a music section include the duration of the music section,
its average  tempo, loudness, and beat-strength. Many other kinds of
descriptors can be used, such  as those listed earlier, and as mentioned,
they may be generated by signal analysis,  produced as a by-product of the
music production, entered manually or generated by 30 any other means. The
only fixed requirement is that the set of descriptors for each  music
section characterizes some perceptually-significant qualities of the music
section. 1 0 JUN 2005 WO 02/052565 PCT/SGOO/00197 47 The next step, [1402]
is to retrieve from the style information a set of target descriptor
values, one set for each sub-style. The set of target values in a sub-style
constitutes a  description of the characteristics of music which this
sub-style would be particularly  well matched to. Typically these are
created by the style designer by a manual process 5 of entering a set of
target values for each sub-style. For example, when the style  designer
creates a fast-cut sub-style (i.e. one which contains or generates small
values  for the preferred segment duration, introduced above), she/he might
define that this sub- style is best suited to a music section which
exhibits high values for the tempo and beat- strength descriptors, but is
not dependent on loudness. 10 The next step, [1403] is to calculate a set
of distances in descriptor space between music  sections and sub-styles.
This is similar to the process described above for selecting  input video
segments in a non-sequential case, and the techniques introduced for
optimizing the calculation of proximity (see Fig. 7) may also be applied in
this case. 15 From the set of distances, a "trial" version of the sub-style
sequence can now be created  [1404] by assigning the closest sub-style to
each music section. 



The next step [1405] is to check the sub-style sequence for undesirable
repeats. This is  necessary because, even if techniques such as descriptor
distribution normalization 20 (described above in connection with Fig. 7)
are applied, it may happen that the same  sub-style gets mapped to too many
of the music sections. This is particularly  undesirable if the same
sub-style gets mapped to two music sections which are  consecutive yet
different. Note that in the example presented above with reference to Fig.
13, the only consecutive occurrences of the same sub-style are the three 25
occurrences of SS4 [1303] which occur because the Chorus repeats 3 times.
This is a  desirable case of repetition, but any other repeats in this
example would probably be  undesirable. Such undesirable repeats can often
be detected, for example by checking  whether the total number of
occurrences of one sub-style exceeds a certain value or the  total duration
of consecutive repeats exceeds a certain time value. 30 1 0 JUN 2005  WO
02/052565 PCT/SGOO/00197 48 If such undesirable repeats are found, they are
eliminated [1406] by replacing some of  the sub-styles in the sub-style
sequence with alternatives such as the next-nearest sub- style for each
music section found in step [1403] above. 5 Because this technique is
similar to the techniques for selecting input video segments  described in
above with reference to Figs. 6 and 7, many of the details and alternatives
presented above may also be applied here. 10 Combining Edit Preferences
with Edit Hints to Produce Edit Decisions Fig. 15 shows a graphical
representation of one technique for combining edit  preferences from the
style/sub-style information with edit hints from the music micro-
description in order to produce edit decisions. This technique operates at
the timescale  of musical beats. It will be described as a technique for
making cut decisions (i.e. 15 identifying time locations in the output
production at which there should be a change of  segment) but the
technique, or variants of it, can be used to make other kinds of edit  



decision, such as identifying time locations at which to insert flashes or
other special  effects. 20 In this example, the horizontal axis is time,
and the vertical arrows [1501] are edit hint  pulses received or derived
from the music micro-description. The height of these  arrows is related to
a perceptually-significant characteristic of the music and their
horizontal location indicates the time at which they occur relative to a
start-time t = 0.  Typically the characteristic in question is one which is
closely related to the musical 25 beat, such as a signal derived from the
amplitude variations in the audio signal. Many  techniques are known in the
art for automatically extracting such representations of  musical beat: for
example, the overall amplitude, or the amplitude of a frequency band
within the signal, can be subjected to a threshold-crossing test. Further
refinements,  such as the use of a phase-locked loop, can synchronize the
detection mechanism with 30 the periodicities in amplitude variation which
occur when the beat is regular, as it is in  most popular music. Whatever
technique is used, it is desirable that the edit hint pulses  have the
following tendencies: 1 0 JUN 2005  WO 02/052565 PCT/SGOO/00197 49 - That
the majority fall on beats, or on simple fractions of beats such as 1/2,
1/4,  1/3, etc. 5 - That pulses occurring on strong beats, such as the
first beat of each bar, have  higher values. - That the value of off beat
pulses (those occurring between the main beats) have  high values wherever
there is a strong off-beat musical event; this is common in  10 much music
for example in styles of music known as "syncopated". - That, in general
the pulses correspond to the rhythm as it would be perceived by  a human
listener. 15 In this case the construction logic will interpret each edit
hint pulse as a request to  perform a cut at the corresponding time, and
the height of each pulse as the strength of  



the request. The pulse height can be limited to a range such as 0 to 1;
this is the case in  Fig. 15. 20 However, the construction logic also has
to take account of the style/sub-style  information. One parameter
specified by styles is the "cutting speed" as introduced  earlier. What is
relevant to this example is that the style information specifies, for any
moment in the output production, a preferred segment duration for the next
shot of the  output production. This preferred duration is marked
tpreferred in Fig. 15 and is more 25 generally represented by the four line
segments [1502, 1503, 1504 and 1505]. These  four segments form a threshold
which will be applied to the edit hint pulses. The  threshold reaches a
minimum at tpreferred. It also takes the maximum permissible pulse  value
of 1 for t < tmin and for t > tmax ; This means that only pulses lying
between tmin  and tmax can cross the threshold. 30 Two more facts are
required to fully understand the operation of this mechanism: 1 0 JUN 2005
WO 02/052565 PCT/SGOO/00197 50 - The zero time, t = 0, corresponds to the
previous cut: i.e. it is the start-time of  the current video segment. As
the construction logic creates the output  production segment by segment,
this is reset for every segment. 5 - The selected segment duration is the
time, relative to t = 0, of the pulse for  which the value v,, = vp - with
is greatest, where vp is the value of the pulse and vth  is the value of
the threshold at the time of the pulse. In other words, it is the  time of
the pulse which exceeds the threshold by the greatest value, or if no
pulse crosses the threshold, the pulse which comes closest to it. In Fig.
15 this is 10 pulse [1506]. Note that pulse [1507] has a higher value, but
is not used because  the value v,, is greater for pulse [1506]. Taking into
account all the above factors, it can be seen that this thresholding
mechanism exhibits the following behaviors: 



15 - It will favor durations which correspond to strong edit hint pulses,
in other  words it will tend to cause cuts related to the beats and other
features of the  music as described above. 20 - It will favor pulses which
fall near to the preferred segment duration. In  particular, if the music
is very quiet so that the edit hint pulses are very weak, or  the music is
relatively featureless so that all the edit hint pulses are of similar
strength, it will select a duration very close to tpreferred. 25 - It will
always select durations which lie between tmin and tmax. - By varying the
distance between tmin and tmax it is possible to control the relative
influence of the musical rhythm (the edit hint pulses) and the preferred
segment  duration. If tmin and tmax are close together, the preferred
segment duration will 30 dominate; if they are far apart, the musical
rhythm will dominate. This is a  factor which can be set differently in
different styles, or even in different sub- styles of a single style.
Changing the position of tmin and tmax relative to tpreferred 1 0 JUN 2005
WO 02/052565 PCT/SGOO/00197 51 allows further control, biasing towards
longer or shorter durations when there is  no strong pulse close to
tpreferred. Furthermore, variants of the mechanism can use  non-linear
thresholds, in which the line-segments are replaced by curves, providing
even finer control over the behavior. 5 It is often effective to set the
value of tpreferred to a duration which is related to the beat  speed at
the current music tempo, for example, 1- beat, 1/2 beat, 2 beats, etc. Note
also  that the constructor often assigns tpreferred a different value for
each segment as it progresses through the output production, using
techniques such as those described  1o earlier for creating variety in edit
decisions: the use of sub-styles, gradual evolution,  stochastic generation
and value cycling. 



By combining the set of techniques described in this section, the invention
is able to  generate edit decisions which are perceived as relating to the
rhythm of the music, 15 which are sufficiently varied even if the music is
very regular, and which always lie  within acceptable limits, regardless of
the selected music. Other Features for Automating the Creation of
Music-Based Productions The invention may optionally be enhanced with
several other features for automating or  20 facilitating the creation of
music-based productions, for example: - In music-based productions, it is
sometimes desirable to mix in the input  soundtrack or parts of it. One
option is to mix the entire input soundtrack with  the input music at
relative levels which remain constant. Another option is to 25 vary the
level of the input soundtrack or the input music or both, so that one or
other is always clearly audible and not obscured by the other; for example
this  can use a technique known as "ducking" which is well-known to audio
professionals and widely used in applications such as live radio to lower
the  level of music whenever an announcer speaks. Yet another option is to
control 30 the presence or absence of additional audio elements according
to the value of  descriptors in the music description. For example, in a
common case where the  input music is a song and the input soundtrack
contains spoken voices, it will WO 02/052565 52 2  10 PCT/SG00/0019977
generally create a confusing or muddled effect if the spoken voices are
mixed  simultaneously with the singing voice, so it is desirable to mix in
audio from the  input soundtrack only when there is no singing voice, such
as in purely- instrumental sections of the music. In cases where the music
description includes 5 imported elements (as described above), this can be
achieved by the use of  manually-created descriptors which indicate the
presence or absence of a singing  



voice. There are also known signal analysis techniques for detecting the
presence of a singing voice in music which could incorporated into the
music  analyzer in order to automate this. A further possibility for
controlling the 10 mixing-in of audio from the input soundtrack, which can
be used in conjunction  with the techniques just described, is to select
portions of the soundtrack  according to their audio characteristics. For
example, speech detection  algorithms, which are well-known in the art, can
be used to select only portions of the soundtrack in which speaking
predominates over other sounds. 15 Conversely, a music-detection algorithm
can be used to ensure that sections of  the soundtrack which contain music
are not selected; this is desirable because  music in the soundtrack would
generally create an unpleasant effect if mixed  with the input music.
Although the audio analysis techniques for automating  these processes are
not completely reliable - for example, no known technique 20 can detect the
presence of a singing voice with complete accuracy across all  types of
music - they nevertheless work well enough to be useful in this  invention,
especially in embodiments where user touch-up (as described above)  is
supported. 25 - It has already been described how, in music-based
productions, a professional  editor will often align video elements so that
the timing of significant features,  such as the moment a falling object
hits the ground is synchronized with the  timing of notable features of the
music. This can be automated by combining  known techniques for video
motion analysis with techniques for detecting 30 musical features, such as
the beat detection technique introduced above. For  example, motion vectors
can be extracted from video using standard techniques  such as
block-matching, and the timing of abrupt decelerations such as collisions 1
0 JUN 2005  WO 02/052565 PCT/SG00/00197 53 can then be established by
identifying times when there is an abrupt change in  



the scalar or vector sum of the motion vectors within a region of the
frame.  Once the times of one or more of these deceleration moments has
been  established in a shot of the input video, and the strength of each
deceleration 5 established, the shot can be optimally aligned with the
music by finding the  relative timing between video and music for which
there is the best match. This  can be defined as the relative time for
which the mathematical correlation of  deceleration with beat strength,
calculated over the duration of a segment of the  output production, is at
a maximum. 10 Beat strength and other descriptors derived by the music
analyzer can be used to control  the animation of text/graphic overlays.
For example, parameters of an overlay such as  its location, orientation,
size, skewing, color, etc can be determined directly by the  amplitude of
the music signal. Or, in a more sophisticated implementation, 15
representations of musical beat based on a threshold-crossing test (as
introduced above)  can be used to trigger sudden changes in parameters of
an overlay, and the overlay then  allowed to relax to its default position
rather more slowly. In other words the animation  can be based upon a
relaxation model which is excited by pulses derived from the music  signal
and related to the musical beat. Furthermore, the music section descriptors
20 introduced above can be used to control changes in the animation
behavior which is  aligned with the section boundaries and is related to
the musical characteristics of each  section; for example the color, size
and relaxation speed of an overlaid text/graphic  animated as above could
be made proportional to the average loudness of the current  music section,
so that overlays occurring during loud music will be large, bright and 25
move in a jerky manner, while overlays occurring during quiet music will be
small, dark  and move more flowingly. Changes to the Production Workflow
This final section describes how a typical embodiment of the invention
changes the 30 workflow for a user engaged in creating a media production,
with reference to Figs. 16  and 17. In these two figures, steps shown with
dashed borders are ones which are  



typically automated or assisted by automation. 1 0 JUN 2005 WO 02/052565
PCT/SG00/00197 54 Fig. 16 shows the workflow in a typical conventional
case, using a tool such as a Non- Linear Video Editor (NLE) to create a
music-based output production from input video.  First, the input video is
captured and/or imported [1601]. This typically involves 5 recording video
using a camera attached to a computer, or transferring video material
recorded earlier from a video camcorder to a computer, or acquiring video
in the form  of a digital video file. If an analogue recording device, such
as an analogue camcorder,  is used this step also involves digitizing the
input signal. In any of these alternative  scenarios, when this step is
complete, the input video material has been introduced into  10 the NLE. As
this example concerns a music-based production, the user also has to
capture/import  music [1602], for example by recording it, or transferring
it from a musical medium  such as an audio CD, or acquiring music as a
digital audio file. In any of these 15 alternative scenarios, when this
step is complete, the input music has been introduced  into the NLE. Some
NLE's are able to perform the next step [1603] automatically, segmenting
the  input video into shots using techniques such as detecting sudden
changes in color 20 histogram. The shots are presented to the user,
typically as a set of "clips", i.e. small  segments of input video. If the
NLE does not include automatic shot segmentation, the  user segments the
input video manually. Next the user needs to familiarize herself/himself
with the shots of the input video. This  25 is typically done by "logging"
the shots [1604] - i.e. organizing them in groups or in certain orders,
making notes about each shot, rejecting some shots, etc. For professional
productions involving a lot of input material this is usually a lengthy
task. For small  casual productions it may largely be bypassed, although
doing so is usually detrimental  to the quality of the resulting
production. 



30 The next three steps [1605, 1606, 1607] may be performed sequentially,
or the user may  alternate between them (for example finishing one section
of the output production 1 0 JUN 2005  WO 02/052565 PCT/SGOO/00197 55
before moving on to the next section) or the user may work in a way which
blurs the  distinction between them. Whichever approach he/she adopts, the
user must build the  output production manually segment by segment, and -
if a stylish music-based production is the goal - must carefully manipulate
the segments so that they conform to  5 the rhythm, timing and "feel" of
the input music. This involves many of the techniques  described above and
is very time-taking in most cases, often requiring an hour, or several
hours, to create each minute of the output production. It is also beyond
the skill  of many non-professional users to create a output production to
a quality standard that  they are happy with, particularly in the case of
music-based productions, which require  10 an understanding of music as
well as visual material. When the user believes that he/she has arrived at
a satisfactory set of edit decisions,  he/she instructs the NLE to render
[1608], at which point it produces an output  production as a video file or
other output. The user views this and, if not satisfied 15 [1609], returns
to one of the earlier steps to alter or refine the production. Finally the
user exports their output production in a form which allows them, and
others  to view it [1610]. In the most basic case they may simply use the
video file on their  computer for local viewing, but more commonly they
will transfer it to tape using a 20 video cassette recorder, or to an
optical disk format such as writeable compact disc  (CD-R). It is also
becoming increasingly common to distribute the video file using the
Internet, for example by sending it as an email attachment, uploading it to
a server  which others can access, or sharing it from the user's local
machine using so-called  "peer-to-peer" file sharing. 25 



Fig. 17 shows the workflow in a typical music-based production case using a
system  based upon an embodiment of the current invention, and should be
contrasted with the  conventional workflow just described with reference to
Fig. 16. 30 The capture/import steps [1701 and 1702) are the same as the
corresponding steps [1601  and 1602] described above for the conventional
NLE case. The shot segmentation step  [1703] is also essentially the same
as the correspond step in the above [1603]. The I O J I J N 2005 ' WO
02/052565 PCT/SG00/00197 56 system uses one or more known techniques to
automate the segmentation, and may  optionally allow the user to override
or adjust the resulting segmentation. Next the user pre-selects content
(elements of the input material) and/or treatment of the  5 material
[1704]. The invention provides techniques for assisting this process as
described earlier. This step is optional and may be bypassed in some
embodiments. The next step [1705] comprises the many kinds of automatic
analysis and construction  which have been extensively described in this
document. Once this step is finished, a  10 complete set of edit decisions
has been generated - these fully define an output production. Typically
this step is performed fully automatically by the system and  requires no
help from the user. The system now renders the output production [1706].
The user views this and, if not  15 satisfied [1709], may either touch up
the production with assistance from the system based upon the techniques
described earlier [1707], or may return to any of the earlier  steps.
Finally the user exports their output production [1710]. This step is
similar to the  20 corresponding step [1610] described above for the
conventional NLE case. It can be seen from Figs. 16 and 17 plus the above
description that the workflow for a  typical embodiment of the current
invention involves more automation and less manual  work by the user. This
speeds up the production process, reduces the amount of the 25 user's time
involved in it, and provides greater support for inexperienced users. 



Hardware Embodiments It will be clear to those skilled in the art that the
invention can be embodied in many  kinds of hardware device, including
general-purpose computers, personal digital 30 assistants, dedicated
video-editing boxes, set-top boxes, digital video recorders,  televisions,
computer games consoles, digital still cameras, digital video cameras and
other devices capable of media processing. It can also be embodied as a
system 10 JUN 2005  WO 02/052565 PCT/SG00/00197  57 comprising multiple
devices, in which different parts of its functionality are embedded  within
more than one hardware device. Although the invention has been described
above with reference to particular 5 embodiments, various modifications are
possible within the scope of the invention as  will be clear to a skilled
persion. 1 0 JUN 2005 58 CLAIMS 1. A method for editing input data to form
output data, said input data and output  data both, including visual data,
the method including the steps of: analyzing said input data to generate
one or more descriptors characterizing each  of a plurality of portions of
the input data; defining style information for controlling the editing of
the input data.; using said descriptors and said style information to
generate a set of editing  decisions, the set of editing decisions
specifying a set of editing operations to be  performed on said input data;
and generating said output data by performing said set of operations upon
said input  data. 2. A method according claim. J. in which, said input data
comprises visual data and  music data and said output data is an
audiovisual production, which comprises portions of  



both said music data and said visual data. 3. A method according to claim 2
in which one or more of said descriptors are derived from said music data,
and said descriptors are used in conjunction. with. said style information
to determine  the selection, processing and timing of a set of visual
editing operations, and. said visual editing operations are applied to said
visual. data, AMENDED SHEET 1 0 JUN 2005 59 whereby a music-based
production is generated in which the selection, processing and  timing of
visual elements is controlled or influenced by the characteristics and
timing of  said music data. 4. A method according to any preceding claim,
further including a pre-selection step  wherein elements of said input data
are manually identified and selected for one or more  of the following
actions: compulsory inclusion in the output data; optional inclusion in the
output data according to a certain probability;  compulsory exclusion from
the output data. 5. A method according to any preceding claim, further
including a touch-up step  wherein. said output data is subjected to manual
editing comprising one or more of the  following treatments: replacing
segments of said output data with alternative segments from. said input
data; altering transitions between segments in said output data;  applying
special effects to said output data; overlaying text or graphics upon said
output data. AMENDED SHEET 1 0 JUN 2005 



60  6. A method according to any preceding claim in. Which said step of
using said  descriptors and said style information to generate a set of
editing decisions comprises the  application of the following sub-steps to
a set of times corresponding to locations in said  output data: - Acquiring
a value for an editing preference from said style information. - Acquiring
a value for an editing hint derived from said one or more  descriptors -
Combining said editing preference and said editing hint to derive an
editing decision.. 7. A method according to claim 1 including a step of
supplementing said descriptors  with additional pre-generated descriptors
received from an external source, said  additional descriptors being used
in said step of generating said set of decisions. 8. A method according to
claim 7 wherein said additional descriptors include  descriptors generated
by instrumentation at a time of recording the input data. 9. A method
according to claim 7 or claim 8 wherein said additional descriptors
include descriptors generated manually. 10. A method according to claim 7,
claim 8 or, claim 9 wherein said additional  descriptors include music
descriptors generated during music production. AMENDED SHEET 1 0 JUN 2005
61  11.. A method according to any preceding claim in which said set of
editing  operations include operations of at least one of the following
types- segmentation,  selective inclusion, sequencing, transformation or
combination. 12. A method according to claim 11 in which said input data
includes visual data, and  said transformation operations include
modification of the color of one or more parts of  an image defined by said
input data. 13. A method according to claim 11 or claim 12 in which said
transformation.  



operations include modification of the playback speed of one or more parts
of said input  material. 14. A method according to any of claims 9 to 11 in
which said combination  operations include video transitions. 15. A method
according to any preceding claim in. which the step of defining the style
information is performed by selecting one of a plurality of predefined sets
of style  information, 16. A method. according to any preceding claim in
which. said style information  includes a preferred segment duration.
parameter which. influences the duration of  segments of the input data
incorporated into the output data. 17. A method according to any preceding
claim in which said style information  includes one or more target values
for, respective descriptors, and said step of generating  the set of
operations comprises selecting, for inclusion in the output data, one of
more of AMENDED SHEET 1 0 JUN 2005 62  the plurality of portions of said
input data according to a calculation the proximity of a)  said target
value or values and b) the descriptors for each said portion. 18. A method
according to any preceding claim in which the order of portions of the
output data is equal to, or at least correlated with, the order within the
input data of  corresponding portions of the input data whereby the output
data comprises a summary of  the input data in which the original sequence
is preserved. 19. A method according to any preceding claim in which said
style information is  composed of two or more sub-styles, each sub-style
comprising a variant of said style  information, and said two or more
sub-styles are associated with a plurality of sections of  said output data
such that they control the editing of said sections, whereby variation is
introduced into said editing style of said output data. 20. A method
according to claim. 19 in which said. input data includes music data and
said sub-styles are linked to sections of said music data by matching
descriptor. values  



characterizing said sections of music data to target descriptor values in
said sub-styles,  whereby variations in the editing style of said output
data are synchronized with  variations in said music data. 21. A method
according to any preceding claim which. employs at least one parameter
which varies as a function of location within said output data, said
parameter acting to  influence edit decisions, whereby variation is
introduced into the editing style of said  output data. AMENDED SHEET 1 0
JUN 2005 63  22. A method according to claim 21 in which said at least one
parameter varies  periodically with location in the output data, whereby a
pattern of cyclic variation is  introduced into the editing style of said
output data. 23. A method according to any preceding claim in which said
style information  includes data which defines a probability distribution
and in which said step of  generating a set of editing decisions is
influenced by one or more random values selected  according to said
probability distribution, whereby limited variation is introduced into
said editing decisions. 24. A method according to any preceding claim,
further including receiving from a  user a manual input identifying one or
more elements of said input data and specifying,  for, each of said
elements, one or more aspects of transitions and effects to be applied to
said input data in order to generate said output data. 25. A method
according to claim 5 in which segments of the output data are manually
replaced with alternative segments from said input data, further comprising
using said  descriptors to suggest to a user segments of the input data
resembling or contrasting with  said segments of the output data to be
replaced, whereby the user is assisted in the  process of manually
replacing segments. 26. A method according to any preceding claim. in
which, subsequent to generating  output data, said output data may be
progressively refined by recursively applying the  



following steps: viewing said output data, AMENDED SHEET 1 0 JUN 2005 64
indicating portions of said output data for which further modification is
prevented,  and generating a new version of said output data in which
portions which have not  been thus identified are re-generated in a
modified form. 27. A method according to any preceding claim in which said
descriptors include a  human-probability descriptor for each of a plurality
of elements of the input data, the  human-probability descriptor
representing a probability that a human being is present in  each element
of said input material, and said step of generating a set of operations
generates operations for which the elements of the input data for which the
value of said  human-probability descriptor is high are more frequently
incorporated into the output  data than. elements for which the
human-probability descriptor is low. 28. A method according to claim 27 in
which said human-probability descriptor is a  face probability descriptor
representing a probability that a human face is present in each  element of
said input material. 29. A method according to any preceding claim in which
said descriptors include at  least one camera motion descriptor for each of
a plurality of moving image elements of  the input data, which. represent
moving image data, the camera-motion descriptor representing for each
respective element a degree to which the camera which collected  that
element was moving when that element was collected, and said step of
generating a'  set of operations generates operations for which the
elements of the input data for which  the value of said camera motion
descriptor is low are more frequently incorporated into  the output data.
than elements for which the camera motion descriptor is high. AMENDED SHEET
1 0 JUN 2005 



65  30. A method according to any preceding claim in which said output data
includes at  least one overlay, said overlay comprising at least one of
text and graphics. 31. A method according to claim 30 in which an overlay
is animated. 32. A method according to claim 31 in which said input data
includes music and at  least one parameter of the animation of said overlay
is determined by a music descriptor  representing a characteristic of said
music. 33. A method according any preceding claim in which at least two of
said steps of  defining said style information, generating said set of
operations, and generating said  output data, are initiated by different,
spatially separated users. 34. A method according to any preceding claim in
which said steps of defining said  style information, and generating said
set of decisions are performed by a first user, and  said sets of decisions
are transmitted to a second user operating an apparatus with access  to the
input data, or a copy thereof, the second user initiating said step of
generating said  output data using said set, whereby the second user may
inspect output data created by  said fast user without the need to transmit
media data from said first user to said second  user. 35. A method
according to claim. 3 in which said descriptors derived from music data
include a musical energy descriptors derived from loudness or musical tempo
and said  musical energy descriptor is used to determine or influence the
rapidity of said visual  editing operations. AMENDED SHEET 1 0 JUN 2005 66
36, A method according to claim 3 in which said descriptors derived from
music data  include one or more edit hart descriptors indicating the timing
of musical beats and said  visual editing operations include the generation
of transitions between visual segments,  said edit hint descriptors being
used in conjunction with said style information to synchronize said
transitions with said musical beats. 



37. A method according to claim, 3 in which said descriptors derived from
music data  include one or more edit hint descriptors related to the timing
of musical beats or other  prominent events in said music data and said
visual editing operations include the  generation of flashes, said edit
hint descriptors being used in conjunction with said style  information to
synchronize said flashes with said musical beats or other prominent
events. 38. A method according to claim 3 in which said descriptors include
musical event descriptors derived from. musIc data, and  said descriptors
include motion descriptors derived from visual, input data, and said
descriptors are used to control the timing of segments of visual data in
said  audiovisual production such. that prominent visual events are
synchronized with  prominent features of the music. 39. A method according
to claim 36 or claim 37 in. which one or more of said visual  editing
operations are determined by applying a time-dependent threshold governed
by  said style information to said edit hint descriptors. AMENDED SHEET 1 0
JUN 2005 67 40. A method according to any preceding claim in which the
input data includes a  soundtrack associated with motion video, and music,
' and said set of operations mixes  portions of said soundtrack with said
music in accordance with at least one of: selecting said portions of
soundtrack according to their audio characteristics, determining when to
mix in said portions of soundtrack according to the value of  music
descriptors, and lowering the volume of said music when said portions of
soundtrack are mixed  in. 41. A computer program. product, such as a
recording medium., carrying program  instructions which are readable by a
computer apparatus and which cause the computer  apparatus to perform a
method according to any preceding claim.. 



42. An editing system comprising stored program means which. cause the
editing system  to perform a. method according to any preceding claim and
further comprising a a user interface having two or more of the following
controls: a control allowing a user to select visual input data,  a control
allowing a user to select input music data,  a control allowing a user to
add text data, a control allowing a user to select or define a style, and
AMENDED SHEET 1 0 JUN 2005 68 a control which causes the output data to be
created. 43. An editing system for editing input data to form output data,
said input data and  output data both including visual data, the system
including: analysis means for analyzing said input data to generate one or
more descriptors  characterizing each of a plurality of portions of the
input data; style definition means for defining style information for,
controlling the editing of  the input data; construction means for using
said, descriptors and said style information to  generate a set of one or
more editing decisions specifying editing operations to be  performed on
said input data; and rendering means for generating said output data by
performing said set of  operations on said input data. 44. A system
according to claim 431n which said ,input data comprises visual data  and
music data and said output data is an audiovisual production which
comprises  portions of both said music data and said visual data. 45. A
system. according to claim 44 in which one or more of said descriptors are
derived from said music data, and said descriptors are used in conjunction
with said style information to determine  the selection, processing and
timing of a set of visual editing operations, and 



AMENDED SHEET 1 0 JUN 2005 69 said visual editing operations are applied to
said visual data, whereby a music-based production is generated in which
the selection., processing and  timing of visual elements is controlled or
influenced by the characteristics and timing of  said music data. 46. A
media player for playing input media data in a modified form, said input
media  data including visual data, the media player including: analysis
means for analyzing said input media data to generate one or more
descriptors characterizing each of a plurality of portions of the input
media data; style definition means for defining style information for
controlling modifications  to be applied to said input media data;
construction means for, using said descriptors and said style information
to  generate a set of one or more editing decisions specifying the
modification  operations to be applied to said input media data; and
rendering and. playback means for playing said input media data in modified
form  by performing said set of modification operations on said input media
data and  delivering the modified input media data to an audiovisual
display. 47. A system for editing input data comprising motion video data
and music to form  output data comprising motion video data with an
associated sound track, the system  including AMENDED SHEET 1 0 JUN 2005 70
analysis means for analyzing said music to generate one or more descriptors
characterizing beats in said music, style definition means for defining
style information for controlling the editing of  said motion. video data,
comprising means for a user to select a style from. a  



plurality of styles, construction means for using said descriptors and said
style information, to  generate a set of editing decisions specifying
editing operations to be performed  on said motion video data, where at
least one of said editing operations is a cut or  transition whose timing
is influenced by the beat descriptors; and rendering moans for generating
said output data by performing said editing  operations on said input data.
48. A system according to claim 47 further comprising means for displaying
a  graphical user interface including visual thumbnails. 49. A method for
editing input data. comprising motion video data and music to form  output
data comprising motion video data with an associated sound track and the
method  includes the steps of analyzing said music to generate one or more
descriptors characterizing beats in  said music, defining style information
for controlling the editing of said motion video data by  a user selecting
a style from a plurality of styles, using said descriptors and said style
information, to generate a, set of editing AMENDED SHEET 1 0 JUN -2005 71
decisions specifying editing operations to be performed on said motion
video  data, where at least one of said editing operations is a cut or
transition whose  timing is influenced by the beat descriptors; and
generating said output data by performing said editing operations on said.
input  data. 50. A method according to claim 49 including the step of
displaying a graphical user.  interface including visual thumbnails.
AMENDED SHEET 




