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Kurzfassung

Diese Arbeit besch ftigt sich mit der De nition von detaillierten Systemanforderungen
wie auch einem Funktions-Konzept f r eine Intelligente Inhalts-Objekte -Anwendung.
Intelligenter Inhalt bezieht sich auf Multimedia-Objekte die sich automatisch an vorge-
gebene Genres und Ausgabemedien anpassen. In dieser Arbeit analysiere ich verschiede-
ne Medientypen um die spezi schen Kompatibilit tsanforderungen wie auch die Potenziale
f r eine Verbesserung der Arbeitsabl ufe zu de nieren. Basierend auf den Anforderungen
und Verbesserungspotentialen erstelle ich ein Softwarekonzept und erkl re die m gliche
Funktionsweise.

Die Untersuchung jedes Mediums beinhaltet eine Beschreibung des herk mmli-
chen Produktionsprozesses, der verwendeten Standartsoftware sowie die Ausgabe und
Speicherformate. Als n chsten Punkt beschreibe ich die m glichen Verbesserungen der
Arbeitsabl ufe die ein intelligente Inhalte -Programm f r die Autoren bringen k nnte. Als
n chster Schritt folgt eine Beschreibung der Funktionen die implementiert werden m ssen,
um die angezielten Arbeitsablaufsverbesserungen zu erreichen.

Die drei Grundfunktionen, die die Software zur Verf gung stellen muss um
Wiederverwendung und Selbst-Anpassung von Multimedia-Inhalten auf verschiedenen
Plattformen zu erm glichen, sind: Erstens erweiterte Import- und Exportfunktionen um
Integrit t f r verschiedene Produktionsumgebungen zu gew hrleisten, zweitens Erzeugung
vonautomatisiertem Verhaltenf rCharaktere und Objekte und drittensef ziente Datensuche-
und Beschreibungsalgorithmen. Das Programm hat Potenzial die Arbeitsabl ufe von ver-
schiedenen Medienproduktionen zu verbessern, ist aber wahrscheinlich f r die Animation

von virtuellen Charakteren am n tzlichsten.



Abstract

In my thesis | focus on the de nition of detailed system requirements as well as an ap-
plication concept for an Intelligent Content Objects software. Intelligent Content refers
to multimedia objects which self-adapt to given genres and output media. | analyse differ-
ent media types in order to obtain their speci ¢ compatibility requirements and work ow
improvement potential. Based on requirements and improvement potential | design the soft-
ware concept and explain its functionality.

The examination of each media type includes a description of the conventional produc-
tion work ow, the standard software in use and the output and data formats of each medi-
um. Next | describe which possible production work ow improvement intelligent content
software could bring to the content creators. Finally | point out which functionalities have to
be implemented in the software in order to perform the desired work ow improvements.

The three most important functional strengths the software product would have to pro-
vide to enable re-use and self-adaptation of multimedia assets across different platforms are:
Firstly, extensive import and export functionality to integrate in existing production environ-
ments, secondly generation of automated behaviour for characters and objects and thirdly
ef cient data retrieval and annotation algorithms. The software has potential to improve
production work ows of various media but might be most bene cial for the process of ani-

mating virtual characters.
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1 Introduction

The European media industry is characterised by many small, highly creative and cost ef -
cient companies. They are internationally known for their quality and exibility. Nevertheless
the market for large-scale, high-cost and high-pro t productions (SALERO project
Commission, Annex | - Description of Work , 4) is dominated by American companies,
while the market for low-end animation is monopolized by Asian companies. Even though
advanced software and hardware tools are utilized in the production process, using them has
not cut down expenses but on the contrary has increased the cost of content creation due
to the higher complexity of the tools and the demand of high quality content. Because of
incompatibility and specialisation, reusing media assets is often more expensive than creating
them newly from scratch.

Based on this development and the present situation of the European media industry, a
contract with the European Union was signed in December 2005. Since then the SALERO!
(Semantic Audiovisual Entertainment Reusable Objects) project has been co-funded by the
European Union through the IST? (Information Society Technologies) programme. The main
project goals are Research into methodologies for describing, creating and nding intelligent
content , Toolsets to create, manage, edit, retrieve and deliver content objects, address-
ing characters, objects, sounds, language sets, and behaviours and Verifying the concept
of intelligent content by experimental productions and promoting the take-up of intelligent
content technologies (SALERO project Commission, Annex | - Description of Work , 7)

One of the project partners is Crucible Studio® in Helsinki. | learned about the project dur-
ing my internship in Crucible in 2005/2006 and started writing my thesis about SALERO af-
ter the internship ended. | mainly address the second of the three objectives and write about
software tools that will contribute to the creation of higher-quality, lower-cost audiovisual
content to provide audiences with more engaging entertainment and information at home
or on the move. (SALERO project Commission, Annex | - Description of Work , 4)

The aim of the thesis is to present a conclusive description of an intelligent content soft-
ware. The general requirements for my work are based on the functionality demands found
in the SALERO project documentation. From this starting point | re ne the requirements
speci c to different media types and qualify the media entities in use. This section also con-
tains analyses of the standard production work ows of speci ¢ production pipelines as well
as ideas as to how these work sequences can be optimized. The ndings and ideas are used

to create a software concept and de ne its requirements. Finally, | provide a functional sum-

1 http://www.salero.info/
2 http://cordis.europa.eu/ist/
3 http://crucible.lume. /



mary and point out the strengths and implementation dif culties of the concept.

2 Media Types

2.1 Overview

In general, media can be divided into two groups, namely personal media and mass
media. Personal media provide the possibility to convey information from one person to
another or to a small group. In most cases immediate feedback to the sender is possible.
Personal media allows point-to-point communication; instances for this are telephony, postal
mail and speech. Mass media, on the other hand, enable the sender to reach a large group
of recipients. Examples of mass media are television, radio and newspapers, all of which
are point-to-many media. Delivery of content through mass media has undergone a rapid
development in the past century. With the advent of digital technology and New Media the
ongoing production of mass media content has been further accelerated. In addition to that
the traditional communication channels have been diversi ed. The Internet in particular ena-
bles new ways to connect communication-points, like the individualized mass communica-
tion. Let me give an illustration: A shoe-manufacturer produces a wide range of models from
sport shoes to evening shoes and ergonomic working shoes. Over the net, the manufacturer
can place selective advertising and reach millions of individuals with customized sales mes-
sages, which change according to hobbies, age or profession of the customer. The ongoing

advancement of media potentialities is having a great effect on the entertainment industry.

2.2 Criteria of relevant media types

Before analysing it is necessary to establish the criteria that media types have to meet
to be of signi cance for this work. In general, the aim of SALERO is to reduce the cost and
increase the quality of entertainment media productions. The concept to achieve this objec-
tive is to automate the labour intensive creation of media objects. Therefore, media channels
which do not deliver complex audio-visual content are of lesser interest. Another criteria for
media types of interest is their ability to reach a very large audience, in other words, mass
media.

That excludes point-to-point media types like postal mail or telephony from closer exami-
nation. | will also neglect the print media because their content (text and images) is static and
remains unchanged during consumption. Neither is there a signi cant demand to reuse text
or equip images with behaviours. It is true that the print media is expanding to web-based
delivery forms like E-books , e-newspapers and e-zines butthese do not primarily use
animated audio-visual content. Web-Logs (Blogs) have the potential to be mass media but

do not qualify because there is no resource-intensive production process needed to create



them. Like print media, they do not yet have a demand for complex animated audio-visual
objects.

SALERO aims to develop content objects such as characters, objects, sounds, language
sets and behaviours. These objects are either genuine digital or digitalized and have been
created for use in digital audio-visual mass media. The project is interested in entertainment
media which serve an established and proven market and are therefore nancial attractive.
They make frequent use of established genres, like Western, Cartoon or Fantasy MMORPGs.
Such genres feature common concepts like those of a handsome man or a scary mon-
ster . These objects are normally created in a labour-intensive way, from scratch, for every
production. Since they share common characteristics they can be reused. There is potential
for a reduction in costs and development time as well as a improvement in quality. Relevant
media share the following characteristics:

{1 Digital mass media, reach a very large audience
Large nancial turn-over
Labour intensive content creation

Serve established market

= . —a _a

Frequent use of common genres

2.3 Media types suitable for optimization through the SALERO project

According to the established criteria, | think that the following media types are interest-
ing for analysis: Im, television, internet television, DVD, video on mobile devices, computer
games, radio, advertisements and promotional material, video on demand, podcasting and

online services. In this work, | will examine most of these media types in more detail.

3 Entities to be automated by SALERO

3.1 Overview

This chapter focuses on the particular media elements which are targeted to be automat-
ed by SALERO. These elements are media content assets which share common properties
that make them suitable for optimization. Examples for common properties of these assets
are: All assets are frequently used in digital mass media production; they can be annotated
regarding their physical properties (e.g. duration, number of polygons, sound frequency) as
well as their semantic content ( this is the sound of a meowing cat , thisis a birch tree with
enough detail to be used in foreground ) and also their properties can be automatically ma-
nipulated by software (for instance change the pitch of a sound when it is far away, change
the gait of a virtual horse if it goes up a steep hill, adapt the lip synchronisation of a character

to the pronunciation of a different language)



The elements addressed in this work are characters, objects, sounds, language sets and
behaviours, because these entities have potential for the automated manipulation of their
properties and can be brought in behavioural relation to each other. Each item has particular
requirements that have to be considered when designing a container object capable of stor-

ing them.

3.2 Objects

3.2.1 De nition

In the context of this work, objects are three-dimensional, virtual entities that are cre-
ated with the help of 3d modelling software utilizing a graphic or a command based user
interface.

I would like to quote two de nitions regarding the term object . An objectis A tangi-
ble and visible entity; an entity that can cast a shadow; [...] (WordNet , object, online) and

A person, place, thing, or concept that has characteristics of interest to an environment. In
terms of an object-oriented system, an object is an entity that combines descriptions of data
and behaviour. (DM Review, object, online). Even though the rst de nition paints a com-
prehensible picture it is not fully correct in the context of this thesis because objects within
SALERO are virtual, digitized versions of physical items. The second de nition states that an
object involves data and behaviour. Let s imagine, for example, an old door made out of oak
wood. Its data is the speci ¢ surface texture and its geometry, while its behaviour would
be the release of a squeak when it is opened or catching re when its exposed to a ame.
In this work, behaviours are considered as entities on their own right. What distinguishes

objects things from characters is that the latter are equipped with intentional behaviour.

3.2.2 Target media types using 3d Objects

Regarding the different media types identi ed in 2.3, objects appear in the content of
Im, television, internet television, DVD, video on mobile devices, computer games, radio,
advertisements and promotional material, video on demand, podcastings and online serv-

ices.

3.2.3 Present requirements and production dif culties

Film makes use of objects in CGI (Computer-Generated Imagery) or live action movies,
where computer generated objects are used to visualize things that are otherwise hard to put
into practice. Both genres usually require a high level of detail (LOD) concerning geometry
and surface to meet the quality demands of large cinema screens. Resolution requirements
for cinema projection are currently 2K (2048x1080) and 4K (4096x2160) pixel images.

Objects produced for television require less LOD. Nevertheless, the standard PAL broad-



casting frame size requires 720 x 576 and the upcoming 720p high-de nition television
standard 1280 x 720 pixels for broadcasting of sharp pictures. Resolution requirements for
television broadcast also apply to objects rendered for DVD content, which are 720 x 576
pixels for PAL discs or 1280 x 720 pixels for HD DVDs. Internet television can broadcast
material originally produced for conventional (satellite, cable, terrestrial) TV, content that
was created for Internet TV in the rst place or a mixture of the two. In the rst case, quality
settings for objects appearing in the content are set by conventional TV standards. Objects
created for genuine Web TV content can have lower resolutions, since content is normally
broadcasted in 320 x 240 pixels. Streaming image quality depends on the data rate (e.g.
44.8 for ISDN or 256 kbit/s for conventional ADSL) provided by the network. Concerning
computer games, quality requirements for 3d objects do not primarily refer to frame resolu-
tions because objects are not pre-rendered and then broadcasted or projected, but rather
rendered in real-time. Since rendering a high level of detail is computationally expensive, the
amount of polygons of a model is restricted by the playback abilities of the target hardware.
The requirements for advertising objects comply with those of the target medium like cin-
ema, TV or computer games.

When creating 3d objects for the use in entertainment and information media, the de-
signer faces various problems. Given that the customers wishes are de ned and agreed
on, the rst step is to decide if existing models from an archive should be adapted or if the
production should start from scratch. If previously created models can be reused, they might
have to be converted to meet the requirements of the current production. Depending on
the customer demands, the right modelling software has to be chosen. Depending to the
volume and complexity of the assignment, an existing production pipeline might be changed
or extended. The modelling and rigging process itself can be very labour intensive or repeti-
tive and require automation. Models might interact with each other or the environment, de-
manding animation or physically accurate behaviour. Finally, the models have to be rendered

according to the demands of the target medium.

3.2.4 Desired innovation

The designer should have enhanced, semiotic object retrieval available. The search ap-
plication should allow search-by-reference-3d-model as well as by images or other assets
(e.g. searching for a car by the sound of the engine). If usable objects are found, they should
automatically adapt to the requirements of the current production during the importing
process. Labour intensive or repetitive modelling and rigging needs to be automated. The

models should adapt themselves for the nal target media rendering.



3.3 Characters

3.3.1 De nition

A ctional character is any person who appears in a work of ction. More accurately, a

ctional character is the person or conscious entity we imagine to exist within the world of

such a work. In addition to people, characters can be aliens, animals, gods or, occasionally,
inanimate objects. [ ] (Wikipedia, Character, online)

To begin with, | will describe which properties are important in order to synthesize a char-
acter. Firstly, a name is needed to refer to the entity. In complex setups naming conventions
help to keep track of the wealth of assets. Meaningful naming contributes to the design of
a rounded character. | will neglect inanimate objects as characters here and focus on (virtu-
ally) living, moving creatures. These feature visible as well as invisible properties. In terms of
the former, every character needs a body, be it organic, metallic, in the form of plasma or
any other material. Even though the body might not resamble biological properties found in
humans or animals e.g. an imp might entirely consist of re every character needs a bone
structure to allow animation. A character s body has an outermost visible layer equivalent to
the skin of the human body. The skin might be covered by clothing and the character may
possess attributes. Human-like characters have hair. The appearance also depends on the
metabolic behaviour. As an illustration | d like to take a robot in comparison to a donkey.
Imagine both of them waiting for the bus in the hot sun. The donkey might breathe heavily
and sweat, while the robot s chest stays still and dry. Metabolic features could also effect the
ability of a character to survive in hot, cold or evacuated surroundings. To make the gure
more distinct a sex will be applied to it, which could be female, male or neutral. In human-
like characters the choice of sex will, on the one hand, effect the visible representation of
the character, like facial features, body structure, body hair and clothing and, on the other
hand, invisible properties like voice pitch or movement. Usually the face of a gure is its most
distinctive feature and therefore needs more detail then the rest of the body. It shows temper
and emotions as well as providing information about the sex and age.

This brings me to the description of the invisible features of a gure. | already mentioned
movement, which is connected to physical weight. Examples like an elephant sitting on
the roof of a house like a sparrow or a turtle jumping like a kangaroo show how important
weight and movement are to emphasize the distinct features of a character. Similarly, the
temper of a character can be recognised through movement but furthermore by idle be-
haviour such as pawing the ground, posturing or smoking. The temper can also be de ned
by classi cations of age, even though human standards of age might not be appropriate for

special characters like gods or fairies they will help to model the gure.



3.3.2 Target media types using characters

Regarding the different media types identi ed in 2.3 Media types suitable for optimi-
zation through the SALERO project , characters appear in the content of Im, television,
internet television, DVD, video on mobile devices, computer games, advertisements and

promotional material, video on demand, podcastings and online services.

3.3.3 Present requirements and production dif culties

Regarding output media frame sizes, virtual characters are subjected to the same re-
quirements as 3d objects, for example 2K or 4K frames for cinema screens. The standard in
character creation has signi cantly risen in recent years due to rapid technological innova-
tions. To display the complex animation data created manually or gained from motion cap-
ture sessions, characters need to feature detailed geometry. In addition, an underlying bone
structure, in some cases virtual muscles, and an advanced rigging setup is required. Besides
enabling characters to perform movements, the skeleton also has to restrict the movements
and prevent the character from showing unnatural animation (e.g. the character s head ro-

tating 360 degrees). Character modelling and rigging is very labour intensive.

3.3.4 Desired innovation

Concerning character retrieval, the basic requirements are the same as for object retrieval
as described in 3.2.4 Desired innovation for Objects . Additionally, special search masks for
character retrieval are desirable, which would allow the de ning of, for example, genre, sex,
body structure like height and weight, skin properties, etc. Bone structure and rigging setups
should be interchangeable for similar characters and to a certain extent capable of adapting
to new geometry.

Character creation should be largely automated for standard characters, transforming the
creation process from building up a new character to mainly customizing a procedural cre-
ated one. This reduces the time required for the creation process as well as the complexity

an artist has to cope with in development.

3.4 Audio

Audio is essential to every entertainment production. It can be divided into speech, music

and sounds. | would like to talk about sounds rst.

3.4.1 De nitions: Sound, noise and music

A noise is a non-periodic acoustic event with a disordered progress in time that has no
tone pitch. (compare Wikipedia, Ger usch, online). In the English language, noise and sound

often mean the same and also in this text the notions are interchangeable. If a more speci ¢



de nition is needed, a sound is a single tone, which is the base element of music. A tone is
de ned by the tone pitch (de ned by frequency in cycles per second, hertz), the volume and
the timbre. A sound can also be a mixture of several tones.

The shortest de nition for music might be organized sound . To give a more speci ¢
de nition of the term is dif cult, since it has varying meanings among different cultures and
social milieus. Nevertheless, time is an important factor since music can only be perceived
as time elapses, as re ected by a de nition by Robert J. Frank. Music is sounds and pitches

organized in time to create a chosen artistic or aesthetic statement. (Frank: Theory, online)

3.4.2 Aimed-at media types using audio

Regarding the different media types identi ed in 2.3, audio appears in the content of Im,
television, internet television, DVD, video on mobile devices, computer games, radio, adver-

tisements and promotional material, video on demand, podcasting and online services.

3.4.3 Present requirements and production dif culties

Film production features audio in the Im score, for special effects and for dialogues. Each
section has high requirements concerning audio quality. Since Im audio is played back on
advanced sound systems like Lucas Ims THX, sophisticated digital sound encoding like in
Sony s SDDS (Sony Dynamic Digital System), DTS by Digital Theater Systems Inc. or Dolby
Laboratory s Dolby Digital is required. For maximum appeal, Im directors prefer the Im
score to be performed especially by an orchestra for every scene. Since this approach is very
expensive, Im music is often generated by mixing pre-recorded audio pieces or adapting
other commercial music. Finding, generating or adapting music is dif cult and time-consum-
ing. While the requirement for standard television broadcasts is stereo, the introduction of
surround sound systems for home cinemas and the advent of digital TV technology neces-
sitate TV signals to include three dimensional spatial imaging of audio; the standard is 5.1-
sound with six discrete audio channels. For DVDs, theatre-quality 5.1 sound is the standard.
Internet TV requirements are typically lower. In audio streaming, 5.1 sound is not used.
Instead, normal stereo signals and often mono signals are transmitted. Video on Demand s
audio features vary depending on the target hardware but generally conform to those of
television. Radio can be transmitted terrestrially, via satellite, via cable or broadcast online.
Radio broadcast commonly delivers a signal that has half the quality of an audio CD, com-
parable to audio that was sampled with 22050 Hz in 16bit stereo. For streaming radio, that
typically means a bit rate of 96 kbit/s to reach FM quality. Telos*/Omnia® and Fraunhofer

4 http://www.telos-systems.com/

5 http://www.omniaaudio.com/



[IS® developed a surround system for HD Radio. HD Radio is the standard for digital radio
broadcast in the United States and works in the traditional FM and AM channels. Digital ra-
dio providers like XM Satellite Radio” already broadcast certain programmes in 5.1 surround
sound. Using DVB-S (Digital Video Broadcasting Satellite) some European radio stations
like the German ARD (the Consortium of public-law broadcasting institutions of the Federal
Republic of Germany ) broadcast special programs in 5.1 surround sound. Even though sur-
round sound is not standard for radio broadcasting yet, it is conceivable that it will become
more common in the near future and should therefore be considered in the context of a
SALERO software solution.

State of the art computer games feature sophisticated sound playback including 3 di-
mensional spatial positioning of sounds, real time sound modi cations and CD quality sound
samples and music.

Whenever pre-recorded audio for a given medium has to be found from an archive, dif-

culties of audio retrieval are evident, since audio annotation in present databases is com-
monly textual.

With the exception of computer games, automated audio manipulation is generally not
used by content creators. Preparing audio for a speci ¢ target medium (e.g. cinema, DVD,

TV, mobile device) requires expert knowledge.

3.4.4 Desired innovation

Concerning audio retrieval, automatic annotation and the utilisation of semantic search
programs is desirable. Automated sound modi cation in the production environment (e.g.
the software should automatically change the sound of the steps if a character walking in a
hotel lobby steps on a carpet) should be carried out. Sound productions should self-adapt to

a given output media.

3.5 Translation and Language sets

3.5.1 De nition

Language sets in the context of SALERO are entities containing functions and data (tex-
tual and/or audio) for translation or assignment of language data. They can, for instance,
be applied to objects or characters. Additionally, language sets can modify the appearance

and/or behaviour of an entity to better t the target language.

6 http://www.iis.fraunhofer.de/

7 http://www.xmradio.com/



3.5.2 Target media types using Language sets

Regarding the different media types identi ed in 2.3, language sets appear in the con-
tent of Im, television, internet television, DVD, video on mobile devices, computer games,
radio, advertisements and promotional material, video on demand, podcasting and online

services.

3.5.3 Present requirements and production dif culties

Entertainment productions for Europe face the dif culty of serving a multilingual market
with Germanic, Romance, Slavic and other languages. The translation of content requires a
lot of effort because in CGI it is common that the soundtrack (including music, speech and
special effects) de nes the timing of the animation. As a result, changing of the audio also

requires changing of the animation.

3.5.4 Desired innovation

Reversing this convention to make the animation de ne the soundtrack could reduce
translation costs depending on to what extent the audio generation can be automated. The
best case scenario would be that a production, including written and spoken word, could be

nished in one language rst and than automatically translated to another language.

3.6 Behaviours

3.6.1 De nition

Behaviour represents how an object acts and reacts (CBU, Glossary, online) usually
in relation to the environment (Wikipedia, behaviour, online) In the context of a digital
entertainment production this means that objects have to conduct themselves in a way
that ts into the given environment by, for example, obeying the current laws of physics.
Furthermore, they have to be consistent with the behaviour of all the other objects and char-
acters in the scene and look authentic to the viewer. Behaviours are exhibited by objects and,

on a more sophisticated level, by characters.

3.6.2 Target media types using behaviours

Regarding the different media types identi ed in 2.3, behaviours appear in the content of
Im, television, internet television, DVD, video on mobile devices, computer games, adver-

tisements and promotional material, video on demand, podcasting and online services.



3.6.3 Present requirements and production dif culties

At present the behaviour algorithms implemented in computer game engines mark the
extent of the development. Concerning arti cial intelligence, game engines like Valves
source engine & allow level designers to control the Al and enable characters to sophistical-
ly navigate, sense things in their surroundings, identify friends and foes, advance and retreat
in battles, etc. (compare Valve, Engine, online). Several vendors provide physic engines
that allow objects to react to impulses in a physically correct way. While physical simulation
has reached a level appropriate to simulate aspects of real life, versatile character behaviour

featuring emotional mind states is not yet commonly available.

3.6.4 Desired innovation

Building of a common usable library of behaviours that can be applied to virtual char-
acters. These behaviours should feature stock functionality for different genres. For ex-
ample, a Wild West behaviour set would feature the ability ride a horse or throw a lasso,

while 21 Century City behaviour set would include sequences to open a car door.

3.7 Virtual sets

Every content object contains data as well as behaviour. Both are modi ed according to
the needs of the environment in which they are used. On the one hand, that concerns tech-
nical issues like polycount or sound encoding; on the other hand, it addresses the appearance
and behaviour of the virtual content.

For example, ari e used in a virtual set for WW | will look very different from one used in
a Gulf War setting. Its behaviour will also change. An old weapon will not re when it gets
wet, while a new one will do that. But who tells these objects how to behave? To a large
extent they will be instructed by the environment. This means that virtual sets have to hold
a lot of information that is accessible to all objects. The time of the setting could be simply
expressed by a virtual date, for example 24" of June 1859, which would be a reference point
for all objects in the scene. Objects could change their properties according to the require-
ments of a given date.

Much more information is needed to de ne a scene, for instance genre related settings
such as strength of gravity, virtual weather, temperature, lightning, language and place as
well as production related issues such as the size of the target display (from mobile phone
to cinema screen) or audio playback of target device (from mono to surround sound).
Furthermore if the output needs rendering or if it is generated in real time by a graphics card.

It is possible to set all these parameters manually. Nevertheless, the de nition of genres helps

8 http://www.valvesoftware.com/sourcelicense/



to bundle a speci c set of preferences.

Genres could also be the basis for procedural world generation. The technical approach
to synthesize textures and geometry during runtime has been used in computer games since
the 1990s. Since modern hardware is capable of rendering an ever increasing amount of
high quality visual content, the game industry in particular is confronted with the problem
of producing bigger and bigger amounts of high-grade items to |l the virtual environments
with a satisfying amount of different objects. This causes high production costs. At present
most geometry and textures are created beforehand by artists and are then placed in the
game, due to the high complexity and production costs of programming procedural synthe-
sis algorithms.

Nevertheless, they are successfully used for particular purposes. For example the dynamic
lighting and stencil shadowing in Doom 3 were generated and not pre-calculated and
the game Soldier of Fortune added random detail to enemy models. Another interest-
ing example is SpeedTree , produced by Interactive Data Visualization, Inc. This software
package produces high-quality virtual foliage in real time (Wikipedia, SpeedTree, online).
The artist just needs to set speci ¢ parameters like branch density, branch length, in uence
of gravity and so on, while the software creates and renders the actual trees. The program
is used by major companies like Epic Games or Microsoft, in titles like Unreal and Project
Gotham Racing 3 . SpeedTree also sells to the none-game market, for example to EADS
Germany.

Next-generation game consoles like the Xbox 360 and PlayStation 3 feature extended
support for procedural synthesis with their Xenon and Cell processor technologies. Procedural
world generation has to incorporate the handling of entirely scripted objects, objects that
are a mixture of real-time generated and previously created components (e.g. SpeedTree
can create trees and use existing photographs for the texturing) or objects that were entirely
created by a third party. Procedural world generation could also be learning how to cre-
ate more appealing sets by remembering corrections made by the artist in previous sessions.
Scene creation algorithms should allow the mixing of the settings of different genres to cre-

ate the right atmosphere a given scene demands.

3.8 Section summary

Chapter 3 gives an overview of the ve entities (characters, objects, sounds, language
sets and behaviours) to be automated by SALERO including de nition, current production
methods and dif culties as well as the desired innovations for each entity. Then virtual sets
are introduced, which provide an intelligent framework.

Since all entities are required to interact with both each other and the framework, they

need to share a common interface, in other words they need to be stored in a generic con-



tainer that can easily be added and removed from a set. The speci ¢ media entity proper-
ties as well as their embedding in the framework are shown in 11.2.1 Data to be stored in
SALERO entity- les . Sections 4 to 10 of this chapter are dedicated to a closer examination
of most of the media types identi ed in 2.3 Media types suitable for optimization through
the SALERO project .

4 Media requirements for Film

4.1 Introduction

The media Im is used in cinemas to show motion pictures. Starting with the develop-
ment of the motion picture camera in 1880 (compare Dirks, Film History, online) the media s
popularity rose to gures of over a billion visits to European cinemas in 2005 (European
Audiovisual Observatory, cinema, online). Today, digital technology is used in every major
section of the Im industry, namely in the pre-production, production, post-production, dis-
tribution and training. (compare Culkin, Implicatons, online) In the 1990s, digital projection
technology was introduced to the cinema halls. As a result, the century old way of shooting
movies on celluloid is slowly being replaced. This effects the whole Im industry including
production-, renting-, courier- and copying-companies as well as Im-laboratories, cinema-
operators and Im archives. (compare R ggeberg, Kino, 8)

Two types of Im productions can be distinguished, namely CGI (Computer-Generated
imagery) movies and live action movies. There are many similarities in the creation process
and also in the software and hardware that is used. Therefore, the subchapter describing live
action movie production frequently contains references to the description of CGI production.
Nevertheless, they are described in different subchapters because their work ow includes

distinctive phases and requires different production chains.



4.2 Conventional CGl Im production work ow
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Figure 1: large production pipeline

4.2.1 Imagery

In CGI movies the production (excluding fund raising, budgeting and advertising) consists
of the following steps: story idea pitch, writing of text treatment, drawing of storyboards,
beginning of voice recording, beginning of reels making, creating of look and feel, sculpting
and articulating of models, dressing of sets, laying out of shots, animation of shots, shad-
ing of sets and characters, lighting, rendering, nal touches (audio, special effects, convert-
ing to target format). (compare Pixar, process, online)

Production pipelines in CGI differ for small and large studios regarding the scale and spe-
cialisation of the particular steps. CG Soup®, a small consultant company specialising in CG
pipelines, offers two graphics explaining the matter in a whitepaper called Pipeline Design:
Reimagining Processes ° on their web pages. Pre-production activities feature modelling,
rigging, surfaces creation (texture/colour), animation tests, lighting and effects tests. The
production activities are creation of a 3D workbook, animation, texturing, colour settings,

lighting, special effects, rendering, composite, touch up, Im/video output.

9 http://www.cg-soup.com/

10 http://www.cg-soup.com/casestudies/Pipelines.pdf



SMALL 3D PRODUCTION

........ -
- ", = - Sy,

MODELING

: : Y Y
i ] Y ToOLs 1
H DESIGN | RIGGING ' RAD i
g MODELING | TEGH;E&LL:%““ § SYSTEM ADMIN ;
L A SCRIPTING-~""" - DATABASE i

[ o & ]

MODELING.. _ ¢ e
RIGGING 7§
: SCRIPTING
ANIMATION
LOOK DEV TooLS
H SHADERS
CONCEPT L ' RENDERING PRODUCT
kY . b :
h‘i 4-".‘1.._ l'lrlll. _i-"'

Ty -

Figure 2: small production pipeline

4.2.2 Audio

The audio part of a CGI movie consists of music, dialogue, sound effects and in most cas-
es foley. The overall-production can be in divided in preproduction, production and postpro-
duction. Preproduction is concerned with organizational issues like contracting voice artists
and musicians, sound editors, sound designers, foley-artists and recordists. Besides human
resources, other resources like technical equipment, time and capital might be organised. The

Im music might be composed.

In the production phase the voices for speci ¢ characters, special sound effects as well
as the Im music are recorded. Small sounds like the click of a photo camera might be
recorded by foley-artists while big sounds like explosions or automobile manoeuvres can t
be produced in small studios, therefore the recordists may organise special recording ar-
rangements.

all raw material is recorded, post production starts. Post production includes combining

the different sound assets, editing the soundtrack, and encoding it in the target format.

4.3 Standard software used in CGIl Im production

Since SALERO aims to integrate existing productions pipelines, compatibly concerning

importing and exporting of data from established 3d packages and renderers is required.




4.3.1 3d Software packages

Modelling and animation programs that currently have a high market share and should
be supported for export are: 3D Studio Max*! from Autodesk, Maya'? from Alias Systems
Corporation (which also belongs to Autodesk since October 2005), Softimage|XSI*® by
Softimage, Co., a subsidiary of Avid Technology, Houdini** developed by Side Effects
Software, LightWave 3D from NewTek and CINEMA 4D?® produced by MAXON Computer
GmbH as well as open source software packages like Blender'’. These packages include their
own renderers or use a software bridge to connect to third party renderers.

3ds max has the highest market share and is relatively easy to learn but has stability prob-
lems when handling large, complex scenes. That s one of the reasons why Maya is the appli-
cation of choice for major studios who create Hollywood scenes for the large screen. Maya is
very stable but its build in renderer is not, and neither is it fast, which is why Maya is almost
exclusively used with third party renderers. Softimage/XSl is used by large studios as well as
individuals and has great animation features. Besides the foundation, essentials, and ad-
vanced packages for different needs and budgets there are distributions especially designed
for game modding or even more speci ¢ for Half-Life 2! content creation (Softimage|XSI
Mod Tool and Softimage|XSI EXP). The software is shipped with the mental ray renderer and
needs a special plugin to connect to RenderMan. Such a plugin (XSIMan 1.0) has recently
been released by Graphic Primitives!®. Houdini is a very technical and therefore dif cult to
use. Nevertheless, it has an intelligent node-based architecture and is highly customizable.
Because of that, and it s very good RenderMan output, it is a favourite of large studios which
have the technical knowledge to t it in their production pipeline. Lightwave includes a
good built in render and is used for many television visuals right out of the box. It is divided
into modelling and animation packages and is stable with large scenes. One downside to
Lightwave is its bad RenderMan connectivity, making many advanced features non-attain-
able. Cinema 4d has constantly gained popularity and due to its intuitive interface it is well
suited to create animation quickly. It has hardly been used by large studios yet because its

hard to integrate in a production pipeline and has been considered consumer software.

11 http://usa.autodesk.com/adsk/serviet/index?id=5659302&sitelD=123112
12 http://usa.autodesk.com/adsk/serviet/index?id=6871843&sitelD=123112
13 http://www.softimage.com/products/xsi/default.aspx

14 http://www.sidefx.com/

15 http://www.newtek.com/lightwave/

16http://www.maxon.net/

17 http://www.blender.org/

18 http://www.half-life2.com/

19 http://www.graphicprimitives.com/



Blender is currently not used to produce images for the large screen, but its source code is

open and can therefore be freely adapted.

4.3.2 Renderers

Renderers are the programs that actually take your 3d models and corresponding lights
and shaders and compute an actual image (picture). (dpvtank, Application, online). Third
party renderers are used because of their speci ¢ advantages concerning image quality and
render performance. If SALERO-software wants to output directly to a renderer, a software
bridge to feed the geometry, light, animation and other data to the renderer s API has to be
written. The most common renderers are Pixar s RenderMan?®, Brazil r/s (Brazil Rendering
System)?! created by SplutterFish and mental ray?? developed by Mental Images. Gelato® is
a relatively new development from NVIDIA (for Quadro FX GPUs) that might gain market
share. Pixar s Renderman marks the top of rendering technology and provides photorealistic
pictures. It has the advantage of being very fast while maintaining its exceptional quality.
It features true displacement and true 3d stochastic motion blur. Among other reasons, its
speed arises out of its REYES (Render Everything You Ever Saw) architecture, meaning it
only computes objects that can be seen in the nal picture, neglecting hidden geometry.
RenderMan shows another big advantage when fed with higher-order surfaces like NURBS
(Non-Uniform Rational B-Splines), namely the generation of micropolygons on demand.
That means that a curve is divided into many sub-parts to ensure smoothness only when
the camera comes close, guaranteeing maximum image quality. If the camera pulls back,
less and less detail is generated. The ability to handle very large texture maps via mipmap-
ping, practically unlimited complex shaders and over a billion polygon faces caused it to be
the most common solution for Hollywood productions made by large studios like ILM, Sony
Pictures Imageworks, Digital Domain and others. Brazil R/S is a relatively new render with
outstanding caustics and re ection/refraction raytracing among other top-quality features.
Brazil remains stable even when processing very large scenes with millions of polygons. While
producing good picture quality it is still not as fast or qualitative as RenderMan and works
exclusively with Autotdesk s 3d studio max. Mental ray produces very high quality pictures
but is not very fast. It is scalable and is delivered with many features. Since RenderMan was
lacking raytracing until 2002, it was often used as a plugin in large studios. It is bundled with
3ds max and Softimage. Gelato, formerly Entropy, was a Renderman-Interface compliant

3D Renderer that was developed by Berkely software company Exluna until further devel-

20 https://renderman.pixar.com/
21 http://www.splutter sh.com/
22 http://www.mentalimages.com/

23 http://www.nvidia.com/page/gelato.html



opment was halted as part of the settlement of a patent lawsuit led by Pixar. (Wikipeda,
Entropy, online). Nvidia Corporation? bought the software and used it to build its hardware-
accelerated Gelato-renderer. All the above mentioned modelling/animation packages, as
well as the different renderers, use speci c, proprietary le formats like .3ds, .c4d or .obj to

store geometry, texture and animation data.

4.3.3 Audio

In movie production, Digital Audio Workstations (DAW) are used to record, edit and play
back digital audio, providing nonlinear access to the audio data. (compare Wikipedia, work-
station, online). DAW developer Digidesign has established its professional Pro Tools|HD
product line as the de-facto standard in movie audio processing. The software is sold with
PCI cards that perform the audio processing, thus reducing computing load on the CPU.
The system is available for Mac OS as well as Windows. Steinberg s professional Nuendo 3

software can also be installed on Mac OS and Windows.

4.4 CGlI Film output and le formats

4.4.1 Imagery

Regarding SALERO s aim to integrate existing production environments and to enhance
the work ow, it is important that it can understand established le formats to import and
export notes, vertexes, faces, textures, animation, Nurbs graphs and surfaces, light effects,
cameras and rendering settings. There are three possibilities how le exchange in a het-
erogeneous production environment can be done. Firstly, direct system export/import, les
can be natively opened and closed in the le menus. This option is limited to the les from
the same vendor, cooperation companies or hacked le formats. Secondly, direct 3rd party
translators, which can be standalone programs or plug-ins that open a source le and write
it compatible to the target le format. Thirdly, intermediate data exchange formats, which
can be popular formats owned by a company and which rose to be de-facto standards or le
types de ned by standards organisations.

If support of many le formats is too expensive to program, a rst step could be to pick
one currently commonly used le format like .obj or .fbx for import and export, because
virtually all major software packages include import/export Iters for these. OBJ was rst
developed by Silicon Graphics. The le format speci cations are publicly available. They have
been adopted by several application vendors and can be read/written, for example, by e-
Frontier s Poser, Alias s Maya, Blender, Softimage|XSI and 3D Studio Max. Even though sup-
port of proprietary le types is needed to integrate SALERO in existing production pipelines,

24 http://www.nvidia.com/



consideration of open standards for 3d object storage is essential and will gain importance
in the near future.

In August 2005 Ecma International®® proposed a standard called ECMA-363 for a uni-
versal 3D le format. Ecma International is an industry association founded in 1961 and
dedicated to the standardization of Information and Communication Technology (ICT) and
Consumer Electronics (CE) . (Ecma, Ecma, online) They propose the .U3D e format, the
aim of which is: This Standard de nes the syntax and semantics of the Universal 3D le
format, an extensible format for downstream 3D CAD repurposing and visualization, useful
for many mainstream business applications. Salient features of the U3D le format described
in this document include: execution architecture that facilitates optimal run-time modi ca-
tion of geometry, continuous-level-of-detail, domain-speci ¢ compression, progressive data
streaming and playback, key-frame and bones-based animation, and extensibility of U3D
format and run-time. (Ecma, Standard, online) A common application that currently sup-
ports .U3D is Adobe Reader?®.

The International Organization for Standardizations X3D standard is the successor to
the Virtual Reality Modeling Language (VRML). It combines both geometry descriptions
and runtime behavioural descriptions in a single le and supports multiple le encodings,
namely VRML97, Extensible Markup Language (XML) and compressed binary. (Balogh:
COHERENT, online) Even though it is a standard for 3D content delivery, its XML encoding
features can also be used for crossplatform inter-application le and data transfer (Balogh:
COHERENT, online)

Since it is based on a level structure similar to MPEG-4, it allows
the de nition of pro les , which in turn can be extended by adding
new levels . Therefore, components can be individually enhanced
without the need to rewrite the speci cations of the whole standard.
(compare Balogh: COHERENT, online). File exchange between 3d
applications is one of the issues identi ed by the Interchange pro-

le of Annex B Architecture and base components of the X3D

: standard. Exchange of geometry and animations between author-
Figure 3: 35mm Im _ _ _ o
ing systems (Web 3D Consortium: Architecture, online) is listed as
one of the general targets of the standard.
Apart from the 3d model le formats used in the production pipeline of CGI movies, the
nal product also has a speci c¢ delivery format, namely the traditional distribution format of
cinema movies, which is 35mm Im. ( gure 3) Besides the transparent image in the middle,

additional digital and analogue data is encoded. The outermost edges carry the SDDS (Sony

25 http://www.ecma-international.org/default.htm

26 http://www.adobe.com/products/acrobat/readermain.html



Dynamic Digital Sound) soundtrack information. A Dolby Digital pattern is present between
the perforations on the left side of the strip. Also on the left side between perforations and
picture, the analogue soundtrack is printed, often encoded as Dolby SR. Further inwards

from the analogue soundtrack coding, the timecode information is programmed on the Im

strip.
Digital Cinema System Workflow
MASTERING TRANSPORT STORAGE PROJECTION
2K Master —
2048 x 1080 o 2K Projection System
JPEG 2000 |AES 128 . S
24 or 48 FPS |Encrypiion | DCP via _ F =]
xXy'z: M?(F Network., Satelllt.e, g g
12 bit pamating or Physical Media o 3 2K Ima.ger
16 Ch. Audio < | @ S |&Optics
Subtitles ~ IR g a
4K Files al ¢
2K Files JKIAK
Media Block
4K Master
4096 x 2160 AKIZK
JPEG 2000 | AES 128 | hep via Media Block
24FPS BN |\ etwork, Satellit
xyz & etwor 5 ate |.e, 2
- MXF | or Physical Media 912
12 bit Packaging (w] 3 n.
16 Ch. Audio g o o AK |magel’
Subtitles 3 g & Optics
I T |3
A
4K Projection System

Figure 3: Digital cinema system work ow

Since printing costs for each 35mm copy of a movie range between 800 and 1600 EUR
and often several thousands of copies have to be made to supply all theatres, distribution
costs rise up to millions of Euros. Therefore, digital move distribution is of interest to Im dis-
tributors. It would signi cantly cut down costs, allowing distribution for the price of several
thousand Euros. Technically, digital distribution is done over virtual private networks, satel-
lite communication or physical media like harddisks or DVDs. Over one of these mediums
a Digital Cinema Package (DCP) is delivered to the speci c¢ cinemas. DCPs use the Material
eXchange Format (MXF) speci cations and eXtensible Mark up Language (XML) to pack a
Digital Cinema Distribution Master (DCDM). This master contains image, audio and subti-
tles of the movie. Images are encoded using the JPEG 2000 compression standard, (ISO/IEC
15444-1). Their size can be 2K (2048 x 1080) or 4K (4096 x 2160) pixel. It is required that
2K projectors can also show 4K images by not reading all of the image data and that 4K

projectors show 2k images by increasing the resolution. Subtitles are represented by a set of



instructions for placing rendered text or graphical overlays at precise locations on distinct
groups of motion picture frames. (Initiatives: Speci cation, online). The digital content is
protected by applying content encryption, security management features and event logging.

(compare Initiatives: Speci cation, online).

4.4.2 Audio

SALERO has to be able to import and export from the market leader and de facto in-
dustry standard ProTools as well as from Steinbergs Nuendo software. The requirements for
import and export are therefore: The native open-standard le format for ProTools is Sound
Designer/SDII (plus a proprietary session format). SDII is also supported by a large variety of
other DAW vendors. SALERO needs to support the BWF (Broadcast Wave Format), which
is an extension of the WAV audio format. BWF contains audio metadata for identifying
and synchronizing the waveforms content. It is platform independent and used for mo-
tion picture and television production. Pro Tools will further natively record/play/edit .AIFF
(Apple s Audio Interchange File Format). With conversation it supports MP3, QuickTime and
RealAudio. (compare Lambert: File, online) Further WAV (Waveform Audio format) the na-
tive audio le format for Windows must be supported.

Steinberg s Nuendo basically supports the same le types (AIFF, WAV, BWAV, WAV64,
MPEG, WMA, Ogg Vorbis, etc.) as ProTools but can handle the native ProTools format only
on the Mac. Nuendo uses proprietary .npr- les to save sessions. Further standard formats
for transferring projects commonly used today in professional digital audio workstations are
AAF, OMF, OpenTL and AES-31. (compare Steinberg, Transfer, online)

CGl audio is played back on surround systems like Sony s SDDS (Sony Dynamic Digital
System), DTS by Digital Theater Systems or Dolby Laboratories Dolby Digital. These systems
are often certi ed by a THX logo. THX is a brand owned by Lucas Im and provides a frame-
work of speci cations to ensure high quality playback.

Audio data for distribution in digital cinema is encoded using the Broadcast Wave le for-
mat (.wav), and stays uncompressed during packaging, distribution and storage. The mini-
mum surround requirement for digital cinema audio is the 5.1 audio format. For instance
Dolby Laboratories offer a system solution called Dolby Digital Cinema for storing, man-
aging, and playing digital movies. Audio export features should be compatible with these

systems.

4.5 SALERO work ow improvement concepts for CGl Im production

The CGI pipeline has several steps witch can bene t from the use of ICOs. These are
magquette creation, modelling, scripting, rigging, keyframe and mocap animation, facial ani-

mation including intelligent cameras, shape animation for esh, hair and cloth as well as



lighting and rendering. To go into more detail | d like to talk about maquette creation rst.
It could be enhanced by not starting from scratch but searching the unambiguously tagged
model database. If the results yield a suitable object, it can be directly exported to a 3d
software package, or, if the re ning and animation is done by a newly developed SALERO

program, to a renderer.

45.1 Objects

Section 3.2.1 (De nition of Objects) gave a general description of objects in the context
of this thesis. To re ne this description | would like to point out the speci ¢ demands on
objects used in CGI Im production. The second de nition in 3.2.1 stated that an object
combines descriptions of data and behaviour.

Following up this de nition, | would like to explain the possible improvements a SALERO
development tool could bring to objects starting with their visible properties, their data. The
designer should have the choice to assign one of the familiar aggregate states, (solid, liquid,
gasiform and plasma) to every object. Besides the possibility to set, for example, density,
anisotropy, index of refraction, and so forth, the author should have a variety of readymade
object phase properties based on real life. Examples of these would be water, re, snow or
iron. The phase-settings directly in uence the appearance of objects altering e.g. their col-
our, surface texture or re ection and refraction as well as weight. Phase-settings may also
change the shape of an object. A liquid aggregate state alters the form completely, while a
gas or plasma state modi es the objects shape to a certain extent. The most common phase
in use is solid, which relies on a well de ned underlying geometrical structure to apply spe-
Ci ¢ adaptations to.

The question of how to classify and structure the variety of objects is a complex one, since
items can virtually have any shape. SALERO aims to develop an ontology language adapted
to the needs of tagging and describing media objects. One of the best-known ontology
languages is OWL (the Web Ontology Language), which is a vocabulary extension of the
Resource Description Framework. (compare Salero, standards, 17 and Wikipedia, Ontology,
online). Two speci ¢ OWL sublanguages, namely OWL- ( OWL minus ) and OWL Flight,
serve as the basis for the development of a new ontology markup language within SALERO.
It is an advantage that the speci cations for all OWL-family languages are maintained by
the World Wide Web Consortium (W3C) because the newly developed language might be
handed in for a standards proposal. An acceptance of such a proposal would contribute to
the general aim of the project to establish standards for Intelligent Content Processes. CGI

Objects should have physical properties like speci ¢ weight and friction.



4.5.2 Objects: Modelling

There are more possibilities to enhance a CGI production pipeline besides using SALERO
for nding objects and exporting them to a third party software package or renderer.

While certain aspects of CGI generation have made signi cant improvements, for ex-
ample pixel shaders and global illumination, 3D modelling has stayed very labour intensive.
Sven Havemann from the department of computer graphics at the technical university of
Braunschweig?” de nes it as The Modelling Bottleneck because of limited changeability
and re-usability of objects and 3D modelling is to a large extent a manual task (Havemann,
Modeling, online). He and his colleagues analysed the modelling process and found out that
modelling is an incremental and procedural process applied to one shape to obtain a new
shape. That means the order in which operations are executed is not arbitrary, because the
outcome depends on the previous step. Furthermore they made out the fact that modelling
is very similar to programming; featuring common properties like conditional decisions and
loops. Based on that and the fact that it takes less storage to save the instructions on how
a model was created rather than the model itself, they developed a modelling engine called
GML? (Generative Modelling Language), which is a library on top of OpenGL. Since artists
don t want to literally program, the interface is graphical. The concept can be compared
with Adobe s .pdf format. The programming language is invisible and is just for example
executed by the printer that produces the nal output picture. Since 3d models are proce-
dural, the GML also stores them procedurally and only creates the model on demand. This
novel approach could also be useful for SALERO content creation. 3d models could be stored
procedurally and unambiguously semantically tagged in a searchable repository. If the artist
has found a model and wants to open it in his or her target 3d software, the geometry is
created on the y from the instructions stored in the le. There is no loss of quality in saving
and re-opening data using different programs for modelling, mapping, animation and so on.
Furthermore, additional control during the le-opening-process could be given to the artist.
This could work in a similar way to, for example, the .raw- le format in digital photography.
If a .raw-photo is opened, the photographer can adjust exposure, saturation, contrast and
other values. If all parameters are set, the actual le is created from the raw-data. Analogue
to that the 3d designer could adjust, for example, skin and hair colour, body weight or low
level properties like maximum face count. However, in order to use this cross-application le
format, a GML import/export plug-in for every application in the pipeline would have to be

written.

27 http://graphics.tu-bs.de/

28 http://www.generative-modeling.org/



. : . uncanny valley 4.5.3 Objects: The Uncanny
moving ------ —" !

i !
—sm bunraku puppet Ezﬂ: Va“ey
; ' H .
humanoid robot A, ; An obstacle to be aware of is the
R N !
N f .
SN dynamic of the Uncanny Valley .

: The theory basically states that the

L, stuffed animal
|

_ - emotional response of humans to
industrial robot _,+*

non-human entities becomes more

familiarity

and more positive and empathic

human likeness 50% . . .
mmse_'.:_ ™ brosthetic hand the more humanlike the virtual

character s motion and appearance

zombie — are, but at a certain point these
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the response becomes strongly repulsive. If the quality of appearance and motion is further
improved so the virtual character is indistinguishable from a real human being, the empa-
thy becomes positive again and approaches human-to-human levels. (compare Wikipedia,
Uncanny, online) Even though the theory of the Uncanny Valley is criticized as being pseu-
doscienti ¢, major CGl company Pixar? stylized the characters in The Incredibles not be-
cause of on inability to produce more realism, but to avoid the negative effects on the
Uncanny Valley. Pixar s 1988 short animation Im Tin Toy *° may serve as an example for
the existence of the Uncanny Valley because the baby featured in the Im might seem to be
scary to many viewers. The rst major CGl movie to feature photorealistic characters was
Square Pictures Final Fantasy: The Spirits Within . Even though it gained attention due to
its advanced effects, it failed to become a nancial success and is often considered to be a
victim of the Uncanny Valley. Reasons for that might be the movements of the characters or
that they showed no visible perspiration. What is the reason we might reject near-to-perfec-
tion virtual characters?

To begin with, it is probably that the viewer starts to get suspicious about a character that
looks almost like a real person. Since it is not obvious at the rst glance what distinguishes
the arti cial creature from a human, the viewer wants to nd out whats wrong and starts
to focus particularly on shortcomings of the model. Next is that many properties shown by
close-to-human models are congruent with those exhibited by a diseased person or a dead
body. For example lack of perspiration, an unnatural skin colour or movements that seem
distorted or out of timing. Ways to jump the Uncanny Valley in regards to movement is to
combine motion capture data with keyframed animation, which results in a higher level of

realism. Concerning the optical appearance it is often better to target the rst peak of the
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curve and reduce the realism of the characters in order to make the audience focus on the
human-like aspects of stylistic characters instead of the inhuman properties of photorealistic
ones. At present, the creation of photorealistic human-like virtual characters for commercial

productions still remains risky due to the above mentioned reasons.

4.5.4 Obiject retrieval

I d like to describe problems of information retrieval using the example of an artist who
wants to create a new object, for instance a house. Since this house is needed for an adven-
ture of a comic gure, its style should t a cartoon environment. Furthermore, it should be
round and have a green roof. In a text based search attempt the artist would enter a search
string like round cartoon house green roof in the search box, which might yield the result
of a round birdhouse, a model of a greenhouse or one of a green house, which looks realistic
and not comic style. The artist tries to restate his or her query but that doesn t change much.
That means more options to state a query have to be available for the searching person.
This should include the possibility to search by image , for instance by hand-drawn out-
line-sketches as a search statement. Orthographic views, looking at right angles in more
familiar terms, namely top and bottom, front and back and left and right could provide more
precise imagery for searching for the desired objects. In addition, texture patterns and col-
our values could further enhance the query. The system could compare the average colour
of the entire picture as well as the colour histogram, the texture (contrast, coarseness, and
directionality), colour and shape positions as well as the outline of shapes. (compare Finn,
Querying, online).

Content based image retrieval mechanisms have the advantage of operating without
the need for human generated textual descriptions of images. That means the expensive
and dif cult task of nding the appropriate depiction for an image becomes less relevant.
Furthermore, the searcher doesn t have to guess exactly the right words to yield a satisfac-
tory result. A working example for content-based image retrieval (CBIR) can be found on
the web pages of the Russian State Hermitage Museum?.. For the example of the comic
house for the artist, this would mean that he or she could use her graphics tablet to sketch
the desired house from a birds eye view and from the front, specifying the colours it should
have by just using them. Even a rough sketch might convey more information to the search
engine then a re ned search string. The cartoon style request could be blended into the
query either verbally or extracted from the query picture as well.

There are different models for representing objects for information retrieval which take
into account the mathematical basis (set-theoretic, algebraic, probabilistic) and the proper-

ties of the model (term-interdependent, immanent term interdependent and transcendent
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term interdependent). Ef cient information retrieval is essential to SALERO. Nevertheless,
I m of the opinion that it is not bene cial for the de nition of basic requirements for an in-
telligent content object to analyse and classify the different model types of present content
retrieval approaches. Nevertheless, to a certain extend the objects need to generate their
descriptions and tags themselves. Based on its own content an object could analyse if it has
a smooth or rough surface, if it has a high level of detail or not, what are its primary colours
and so on. Object surface maps can also be analysed regarding the text information that
they might have stored in their bitmaps. For instance, a surface map for a traf c¢ sign could
have the word Flughafen written on it. To automate the translation of text like this, every
map should be scanned by an optical character recognition (OCR) program. If the algorithm
nds text, it tries to translate it using a digital dictionary and presents its suggestions in the
target language to the artist. Depending on the sophistication of the implementation, the
translation module could furthermore create a new target language map by manipulating
the original image. It could erase the source text from the map, paste in the translated text
and present the result to the user for supervision.
Based on data gained from low-level content analyses, the object could state simple self
descriptions like: 1 m a green, smooth object. , | m meant to be used in the background.
or | can be used in a French, German or Italian context. These are low-level features and

can be expressed in a machine-readable way.

45,5 Obiject retrieval and the Semantic gap: The Chinese room thought experiment

It is a problem that users like to state their queries in high-level semantic expressions like

| need a retrofuturistic Mars inhabitant. , while machines use low level descriptions. This
difference in abstraction level is known as the semantic gap . This poses a stumbling block
because, according to John Searle, computers are, at present, merely about syntax and not
capable of interpreting semantic meaning. | would like to mention Searle s thought experi-
ment of the Chinese room . It describes a person who sits in a room. One wall of the room
has two slots, one is used to pass questions written in Chinese into the room, the other one
to put out Chinese written answers to these questions. The person in the room has a rule-
book and several baskets full of Chinese signs. All the person does is to apply the rules to the
signs to produce the answers. Since the rulebook is accurate the answers are actually right,
but the person does not understand the meaning of the answers, nor of the questions. He
or she works purely syntactically but cannot assign semantic meaning to the symbols, he or
she cannot understand. (compare Searle: Minds, page number unknown). Following this
example, computers built with conventional concepts are formally incapable of understand
ing the meaning of a query. On the other hand, | m of the opinion that it is more important

for the user how the system behaves from an external point of view than how it processes



tasks internally. Following up Searle s example, | assume that a person who asks a question
in Chinese and receives the answer in Chinese doesn t mind if the system worked out the
query in English or understood the meaning of the query as long as the answer is right and
useful. | believe the same is true of a person who seeks a multimedia object. Computers may
not understand the semantic meaning of a question but they are still capable of producing
and processing semantic information and storing it using the Mpeg-7 standard.

The generated XML les are accessible to all applications that are compatible with
the standard s speci cations. Mpeg-7 comprises ten description parts, among others the
Multimedia Description Schemes (MDS). This scheme contains a set of description tools for
generic as well as multimedia entities. Generic entities would be such that are common to
all kinds of media, e.g. time and vector. If more complex multimedia entities, which include
more than one medium (e.g. audio and video), have to be described, MDS additionally
provides more speci ¢ schemes. They offer standardized syntax to describe, manage and
organise content. (compare Organisation for Standardisation, Overview, online)

A problem faced by SALERO is lling the structures provided by standards like Mpeg-7
with data. There is a demand for analysing algorithms capable of performing automated
object annotation up to a certain extent without human intervention. Using a standardized
structure means that the metadata of on object becomes machine-readable. For example
an algorithm could analyse the number of faces a 3d object has and store the value under
an <maxpolycount> tag in the XML- le. When an artists searches for a 3d model for ego-
shooter the search algorithm could interpret for ego-shooter in that way that the model
has to have a polycount <1000. When it is stored in a meaningful structure a value like

862 (for polycount) becomes signi cant and quali es in this example a 3d character to
be used in an ego-shooter game. | take the view that object descriptions will still be in need
of human supervision in the near future but that software tools could support that process.
Ready-made tags could be available and would just have to be attached to an object. The
software could also suggest groups, styles or genres into which the new object could be led
away. In general, a description is an enumeration of the quantitative and qualitative param-
eters of an object. That means that an intelligent algorithm could check the description-
text while it is typed and look for words like big or expensive . Then it could suggest to

the writer the use of more accurate expressions like 100 centimetres or 300 Euros .



45.6 Characters

Firstly | would like to give a short summary of section 3.3.1 (De nition Characters). The
properties of a virtual character that are visible or directly in uence the optical appearance
were: bone structure, skin, hair, metabolism, sex and face. The behavioural features were
movement and temper, which are connected to weight and age. In the context of Im pro-
duction, the demands on creating characters are high because the term character covers
an extensive diversity of different geometry.

Since ctional characters can have virtually any kind of appearance and behaviour all
properties have to be exible and capable of storing a white range of values. Therefore, the
ICOs data design has to allow and be able to deal with the following wide range of settings:
The bone structure can vary from hundreds of extremities to none of them, examples for
this would be a millipede and a snake. Furthermore, it has to support multiple spines, heads
and tails. The skin can have any kind of texture, from organic materials like bark or fur to
inorganic matters like stone, metal or plastic. In addition to that special skins like re, water,
glow and the like should be supported. Most important is the realistic support of human
skin. Settings for skin could be age, sex (since female skin usually has a smoother texture),
tone, body hair, type (oily, normal, dry, combination skin) and thickness. Hair and fur support
should allow changing the hair colour, length, structural and optical properties and thickness.
It should also be possible to make the hair look wet or dry and to cut and comb it. (compare
Ornatrix, Features, online). Lets continue with the effects of metabolism, which add to the
realism of a character. An elephant breathes slowly, a small dog breathes fast while a robot
may not breathe at all. This is signi cant especially in close-up recordings. Accordingly, the
regular breathing frequency of a character has to be stored in its intelligent content object
container. Metabolism settings can further include the need for oxygen, changing a charac-
ters skin colour, behaviour, or letting it die when it lacks of air. This also covers the natural
ambient temperature a character prefers.

Imagine the natural setting for a postman is 20 C. If the ambient temperature setting of
ascene is 30 C the software has to be intelligent enough to make to postman start to sweat
- or make him shiver if the ambient temperature was set to -10 C. For the sake of realism,
this also requires that objects, which are attached to a character, for example a winter coat
or a sunshade, can alter the temperature preference of this character. To illustrate this we put
the postman outside, where the temperature is -10 C. That is 30 degrees difference to his
preference, he would start to shiver and possibly die. Now he is given a coat, which subtracts
25 degrees from his preference, which is now -5 C. Since the ambient temperature still dif-
fers from that by ve degree, the software should modify his appearance slightly and change
his skin colour to a more reddish tone.

This example leads the way to the next attribute of a character, which is its face. It is the



most signi cant identi cation feature of any character because it conveys a wealth of infor-
mation like emotion, mood, age, sex, health, race, attractiveness and more. Facial anima-
tions could be automated using the MPEG-4 standard for facial animation, Virtual Human
Markup Language (VHML), Face Modelling Language (FML) or a format created newly for
SALERO.

The next point was the sex of a character. If set to male or female in humanoid characters,
it changes abdominal and chest hair, hair on other parts of body, facial hair, size of hands and
feet, width of the shoulders, chest and hips, weight of skull and bone structure, muscle mass,
visibility of Adam s apple, skin texture, size of the breasts, angle of the pelvis, body height
and the pitch of the voice. (compare, Wikipedia, characteristic, online)

Voice is the rst instance of non-visible character properties. Even though speech syn-
thesis is used in a growing range of applications such as screen-readers, text-to-speech pro-
grams and dictionaries, it is not used in media elds because in the entertainment industry
[ ] approximation to natural prosody is desirable. In this regard, emotion and expressivity
are important for speech acts beyond the word level. They affect such factors as speaking
rate, pitch, pitch changes, loudness etc. These could include any of: Fear, surprise, sad-
ness, disgust, anger, anticipation, joy, and acceptance (SALERO, Annex |, 36). Today there
are three different approaches to emotional speech synthesis: rule-based synthesis; diphone
concatenation synthesis; and unit selection or corpus-based synthesis. Concatenative meth-
ods have reached good speech quality and high intelligibility (SALERO, Annex I, 37) but
still need improvement. Given speech synthesis reaches an acceptable level, the following
features of the voice have to be stored: Gender, characteristics (hoarser, sweeter, childish),
sickness and emotion to another character (compare SALERO, Annex I, 41). Speech infor-
mation would require an XML-based mark-up language that could furthermore allow the
synchronisation of verbal and non-verbal animation elements. Until usable voice synthesis is
in possible reach, voice transformations may be applied to original voices. This would mean
that different characters are equipped with voice presets which would alter gender, voice
characteristics, sickness and emotions of a voice. (compare SALERO, Annex |, 111)

Perhaps you remember the example of a turtle jumping like a kangaroo and the im-
portance of movement and locomotion. It would be useful to have a stock of locomotion
movements available to be quickly applied to characters. Those should include sets for plan-
tigrade, digitigrade and unguligrade characters enabling them to walk, run, crawl, climb,
swim and possibly y. The parameters that make locomotion are frequency and steadiness
of the moving pattern, as well as the force of execution. Besides locomotion which is per-
formed by a character to physically move from place to place, other intentional movements,
e.g. throwing a ball, can be performed in a wide range of ways. Depending on the style of

the production, cartoon laws of physics can be blended in. Examples for cartoon laws



of physics are besides others: squashing and stretching, anticipation, slow in and slow out
and exaggeration. (compare Donald, Animation, online). In biological characters, movement
and locomotion is considerably in uenced by weight and age. When the intelligent con-
tent software imports or generates a humanoid character it should automatically calculate
a physical weight value for it, based on its size and appearance. The author must be able to
change the weight which in uences, on the one hand the optical appearance of the char-
acter. That means male characters become primarily thicker around the abdomen and waist
(apple shape) while female characters become primarily rounder around the hips, thighs and
buttocks (pear shape). On the other hand, the movement of the character (if the scene takes
places in gravity) has to adapt to the weight as well, meaning it becomes more ponderous.
In non-human characters weight-settings can effect the movement as well; furthermore, it
can determine if a character can swim, walk over ice or .

The age setting of a character could function as a general property which in uences
movement, weight, temper, skin, metabolism, hair, voice or even bone structure. In general,
all character-modi ers, including the age setting, have to be customizable. For example the
age controller of a snowman might in uence his voice and movement, but not his skin and
weight. Even though a human age setting of, for example, sixty years doesn t make sense
fora god character, the equivalent of the normal behaviour of a certain age can be helpful
to quickly customize a character. For instance infant, awkward , young, lively , grown-
up, con dent or old, fragile could serve as presets.

To quicken and simplify the creation of ctional characters, the use of stock characters is
helpful. Stock characters were rst mentioned in ancient Greece and rely in general on cul-
tural types or stereotypes for their appearance and personality. Examples are: heroes (Luke
Skywalker, Odysseus, Xena); villains (Darth Vader, Sauron, Wicked Witch of the West); neu-
tral (absent-minded professor, the Ingenue, the Nerd). (compare Wikipedia, character, on-
line) In contemporary narration, a large number of stock characters can be identi ed. Closer
analyses concerning their potential for the use as intelligent content objects could probably
be fruitful. For experimental production, the creation of most basic stock characters, such as

hero, love interest, villains and neutral, would be bene cial.

4.5.7 Character: scripting and rigging

Scripting is the automatization of certain tasks within 3d software. It helps save time and
also saves the animator from repetitive and therefore tiring tasks. Examples for scripting
languages from established vendors are Maya Embedded Language (MEL) and MaxScript
for 3ds max. Softimage choose to support existing scripting languages like JScript, VBScript,
Python, PerlScript, ScOps, and OMScripting. At present there is no 3d scripting language
standard that could be used with different software packages. In the context of SALERO



that means that import/export plug-ins for the 3d programs would have to be written since
it s unlikely that major vendors will develop a uni ed language together. Virtually all 3d ap-
plications allow the storing of script data in text les separate from the 3d geometry and ani-
mation data. Since these les are generally written in readable and well structured formats,
providing them with searchable tags and importing them in the SALERO software might be
a realistic approach.

At present rigging of characters is still labour intensive, even though there are efforts to
automate the process. For example, Autodesk s Motionbuilder®? allows automated character
rigging and can create forward and inverse kinematic full body manipulation rigs based on
the size and proportions of a character (compare Autodesk: Motionbuilder, online). Among
other features, it also offers to transfer control rig between any two character[sic], with
the ability to retarget keyframed animation between two separate control rigs (Autodesk:
Motionbuilder, online) and Characterization templates automate character setup
(Autodesk: Motionbuilder, online). Automated rigging for characters having standardized
biped or quadruped skeletons within SALERO could be archived by scripting the rigging
process in a similar way to MEL or MaxScript instructions or by use of third party software
like Motionbuilder.

4.5.8 Behaviours and Animation

To begin with, I would like to give a very short overview of animation concepts. Keyframe
animation takes advantage of the fact that a translation can be suf ciently de ned by a
starting point and an endpoint. The calculation of the steps between the two points is left
to the program, which computes which position the object has at a speci ¢ time. Storing
every step would also require much more memory than just storing the keyframes. Keyframe
animation is used both with mesh and skeleton animation. Mesh animation works by stor-
ing the position of every vertex of a mesh in a keyframe and applying linear interpolation
to it. This has the disadvantages of easily deforming the mesh and requiring a large amount
of memory. Thats why mesh animation is hardly used in games but might be used in facial
animation.

Skeleton animation was introduced to overcome the problems of mesh animation.
Skeletons are constrained in their freedom of movement to resemble real-world anatomical
features, for example an elbow can be stretched out to approx. 180 degree, but not further.
Skinning is the process of attaching a mesh to the underlying bone structure. To avoid un-
naturally deformed surfaces, the vertexes are linked to several bones with different weights.

This results in correctly computed surfaces but also adds complexity to mesh and algorithms.
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In Motion capture, movements from a human actor are recorded and transferred to a 3d
model to archvieve the highest possible realism. Since motions are often a combination of
more than one movement, it is economical to let the software blend different animations.

In contrast to keyframing, which calculates the position of objects de ned by two key-
frames of the same animation but separated by time, blending computes a position between
two keyframes of different animations applied to the same character. This saves a lot of
labour since, for example, all the intermediate states of movement between walking and
running can be blended from one walking and one running animation. One problem with
blending is that animations often have to take part or full control over only well de ned parts
of the body without interfering with the rest. Therefore, extra data for each bone needs to
be stored to de ne the in uence of the blending sources. For example, ID Software has de-
veloped a le format called MD5 for their Doom 3 game, which stores 6 bits of information
for each bone to de ne the weight of each animation at a given time. Mesh and animation
data for each character are stored in separated, human readable ASCII®® les. This is interest-
ing because ID Software usually releases its innovations for public use under GNU General
Public License** terms shortly after it has been used in their games. It is possible to apply the
animation data to virtually any character as long as they feature the same bone structure.

Inverse Kinematics or IK is the concept of moving the end point of a series of joints and
letting the software calculate the joint rotations. To prevent unnatural movements, con-
straints like limited rotation angles are applied. IK is generally used to animate certain parts
of the body like arms or legs. Since using IK on the whole body would allow too much unde-
sired freedom in movement, the IK chain normally ends at a speci ¢ point, for instance at the
shoulder. (compare Almer, Erlandson: Library, online). In 2006, Avid Softimage introduced a
deformation solver approach for facial animation. The system attempts to combine motion
capture data with anatomical knowledge stored in the skin solvers.

There are several systems dealing with reusable character animation, commercial devel-
opments as well as open source projects; To begin with there is the Open Skeleton Library,
a character animation library for realistic looking human based characters with a skeleton
structure (Almer, Erlandson: Library, online), which also describes a technique to import
animations from one model format to another by the use of skeleton matching (Almer,
Erlandson: Library, online) Erlandson introduces the term Skeleton tting which is needed
if the animation for a certain model is desired to be used on another model with a different
bone structure. He developed a function that takes a target model, a source model and a
joint map that matches corresponding joints. With this input, the program is able to t the

animation of the old model to the new one. Nevertheless, the function could be further im-
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proved, since the joint map has to be created by a human and the transfer of the animation
is not consistent for all models.

Another open system, Cal3d, is a skeletal based 3d character animation library written in
C++ in a platform-/graphic API-independent way (Cal3d, short, online). The library takes a
3d model including skeleton and animation from a 3d modelling package (currently 3ds max
or Milkshape 3D) and integrates it in a graphics engine where it gives the designer control
over the characters actions. It is capable of high quality animation blending, automatic level
of detail and full control to manipulate individual parts of characters. Irrlicht is a fast game
engine capable of character animation with support of animation blending and level-of-de-
tail. Nevertheless, since its main focus is not set on character animation, it lacks advanced
control over characters. Nebula Device 2% is an advanced graphics engine that supports
keyframe animation, skeletal animation, morphing and animation blending. Its performance
is high and it features a comprehensive character animation system.

Objects and characters in SALERO must posses a certain level of self-awareness that
in uences their behaviour. For example a leaf from a tree which is spun around in the air
by the wind; Let us assume the leaf would have a low level of detail, which means it looks
realistic as long as it is far away enough from the camera but can be clearly identi ed as
arti cial when it is shown close up. The leaf should automatically keep suf cient distance to
the camera based on its awareness of low detail.

At present commercial engines surpass open source projects in quality and complexity.
Epics Unreal Engine 3% takes characters from modellers like 3ds max, Maya or XSI. The
engine provides advanced control over the character s behaviours. The animation is driven
by a tree of animation nodes called AnimTree which lets the designer blend an arbitrary
number of animations, combine motion capture and keyframed animation data and apply
physics controllers to simulate real-life behaviour. The animator can further attach proce-
dural skeletal controllers to a character, for game features such as having an NPC s head
and eyes track a player walking through the level. (Epic: Animation, online) Another feature
to control the movements of a character is Inverse Kinematics for calculating limb pose
based on a goal location (Epic: Animation, online) Advanced character animation support
can also be found in Valve s Source Engine which provides Detailed and believable charac-
ters[ ], Realistic eyes, [ ], Simulated musculature provides outstanding emotions, speech
and body language, Language independent speech, characters can naturally speak in many
languages, Skeletal/bone system for animation, Layered animation system can synthesize
complex animations out of several pieces (Valve, features, online). The engine features very

sophisticated Al that causes the character, for example, to sense things using sight, sound
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and smell and enable them to run, vy, jump, crouch, climb stairs and ladders, and burrow
underground (Valve, features, online). There are rst commercial Im projects based on
game engine driven 3d graphics (in this case Halo®” and The Sims 2% engines), like the Red
vs. Blue: The Blood Gulch Chronicles 2° science ction comedy series or The Strangerhood

comedy created by Rooster Teeth Productions*. The company sells the collected episodes of
their Machinima series on DVD for $20 per piece. Nevertheless, this example serves a small
alternative market, while entertainment for large numbers of viewers like TV or cinema relies

on pre-rendered CGl.

4.5.9 Behaviour in uenced by environment settings

Behaviours related to physical properties are calculated by physics engines . Vendors that
provide sophisticated functionality in their solutions are Havok*' and Agea*?. Furthermore,
there are cost free high-quality solutions like the Open Dynamics Engine*® or Newton game
dynamics*. All physical object properties like the weight, friction, melting point and so on
must be stored within the object to enable intelligent self-adaptive behaviour when imported
to a new environment. Like characters, objects must be capable to understand motion
capture data that has previously been recorded and may not t exactly to the geometry of
the object. For instance, it should be possible to take motion capture data recorded from a
donkey and apply it to a table with little effort. Objects need the ability to inherit behaviours
from parent objects.

The de nition for behaviour given in 3.6.1 ( Behaviours: De nition ) used the words

acts and reacts ;| would like to have a look at reacting  rst. In regards to physical be-
haviour, reaction is mostly determined by common parameters set in the scene environment.
If a scene plays, for instance, in the desert and the hero throws away his sword, its move-
ment will very quickly come to a stop as soon as it hits the ground, due to the high friction
of the underground. If the same scene were to take place on a frozen lake it would slide a
long way due to the low friction setting of the ice and the gravity setting of the scene. | pre-
viously mentioned that physical behaviours like this are already implemented to a satisfying

extent in physic engines and can be obtained from third party vendors. Following an object
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orientated approach, every object should know how to behave by containing the neces-
sary instructions among its data de nitions. That also requires an application programming
interface (API) to the environment which allows the object to check to environment settings
and adapt to them. Over such an API, the environment could not only provide common set-
tings of, for example, gravity or friction but also change the instructions stored in the object,
causing it to react differently from its initial behaviour. The possibility to change object s be-
haviour might hardly be used for very simple models but becomes useful for objects that are
capable of showing more complex behaviours. Commonly a stone-object would just react
while other objects like a cuckoo clock also act .

Imagine a traf c light. Its initial behaviour is to switch from red to amber and then to
green. When added to a scene, it could use the API to automatically check if there is virtual
electricity available and start to continuously change phases. Since the traf c light will be
used in a chaos in New York scene, this behaviour is not required. Now the environment
uses the API to overwrite the regular phase changing algorithm with a new one which uses
a random function to make the traf c light ash exclusively red at random intervals. In pro-
cedural generated worlds, objects could be created and equipped with functions which are
initialised with varying values to create diverse behaviours.

Kynogon developed a code that is capable of simulating the ow of traf ¢ and people in
a large city. The behaviour of the individual pedestrians can be in uenced which causes, for
example, cars to stop and wait. A demo is available at their website*®. Simulation of crowd
is particularly interesting because live action scenes that include a great amount of people
usually require extensive planning and organisation and are therefore expensive. The same is
true for Iming large groups of animals, like a ock of birds or a shoal of sh. Itis dif cult to

nd and control the animals according to the needs of the script. Kynogon as well as other
vendor s software like WETA Digital s MASSIVE“® or the open source program NetLogo*’ al-
low simulating the complex behaviour of groups. One of these solutions could be adapted
for the use of SALERO.

4.5.10 Behaviour for characters

The last example brings me to the most complex behaviour, namely that of characters. In
addition to physical behaviour, characters have a distinctive range of special movements to
interact with the world. Furthermore, individual variations of walking, laughing, smoking a
cigarette, etc. distinguish characters from each other. To have a look at the components that

have to be available to easily generate authentic character behaviour, 1 would like to start
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with accessibility.

Since it is required that behaviour information can be easily applied to and removed from
any character, behaviours need to have their own data structure and annotation so they can
be easily stored, searched for and loaded.

For instance, a game developer could have created a high quality set of movements that
was used to let Batman balance on a rope. While the company has no interested in selling
the 3d model, it nevertheless wants to make pro t from the sophisticated animation data.
This is only possible it the behaviour can be stored and copied independently from the geom-
etry. A structured XML description may serve this purpose. Once the motion data is found,
it has to be applied to the target model. Since the target model will very likely differ to a
certain extent from the source model the animation data was originally created for, the
target has to be tolerant to a certain extent regarding inconsistencies in the animations.
That could feature the ability to ignore animation thats not needed (e.g. the source model
had ve ngers, while the target model has just four on each hand) and skeleton tting
(compare 4.5.8 Behaviours and Animation ). It is probably more dif cult if the source data
is missing animation instructions that are needed, like it would be if the nger example was
the other way round. This could be solved in such a way that the software lets the artist copy
parts of the existing animation, for example from the ring nger to the small nger. Another
possibility would be that animations could be blended form several sources, as an illustration
a three- ngered monster could have its walking cycle from a human, hands animation from
robot arms and the animation for the tail from a kangaroo.

To speed up production time it would be a useful to have different sets of genre-related

stock behaviours that include common movements and abilities frequently needed in a
certain setting. For instance in the Western genre this would include jumping on and from a
horse, riding, reaching for one s pistol, aiming it and putting it back, swinging open a saloon
door and so on. Based on genre stock behaviours it could be possible to translate written
scripts into behaviour. If the scripts says Jack: Walks to horse and rides to desert the soft-
ware could extract the keywords like Jack , walks , to horse , rides and so on. Then
they could be matched against the identi er-tags of the behaviours, which could be applied
in sequence or parallel to the character. If the software is able to extract semantic meaning
from written (or even spoken) instructions, it allows hiding a great deal of complexity from
the artist who wants to bring a scene to life. Animating a scene could work in a similar way as
playing a computer game. The artist clicks on a character and chooses Talk to from the
menu. He or she enters the text which should be spoken in a textbox, de nes the emotional

level etc., and clicks ok . The actual animation should be generated automatically.



4511 Behaviour: Emotions created

by a behaviour engine

To be credible to the viewer, the vir-

tual characters have to show human

bearings. Researchers of the Research

Scripts|and

Triangle Park in North Carolina have
developed an interactive training appli-

cation that allows natural, interactive

dialog between the soldier and system

Figure 6: RVHT Architecture (Hubal & Geoffrey, Training, online) us-

ing responsive virtual human technol-
ogy (RVHT). They found out that Portraying emotions in a virtual human requires clearly
de ned emotional state, action that shows thought processes, and accentuation to reveal
feelings [ ] (Hubal & Geoffrey, Training, online) The Research Triangle Institute provides
video-clips from the training application on their website*®. While the scenario is pre-de ned,
the behaviour of the virtual character shown is not pre-animated but generated according to
the interaction with the trainee. The virtual character steered by the RVHT acts in a natural
way and gives a positive impression. RVHT might be utilized for behaviour generation within
SALERO. Its underlying techniques are a behaviour engine, a virtual environment controller,
and a language processor. The system has the capability to model human behaviour using
a state approach. For instance, humans could be depressed, confused, injured or neutral.
The reactions of the gure are tempered or ampli ed, for example facial expressions after
being asked a question can vary and look different depending on the emotional or physical
state the virtual character is in. The behaviour engine changes the virtual humans emo-
tional state over time and as a function of the students input. It generates appropriate
facial expressions and gestures (Hubal & Geoffrey, Training, online) and manages the the
psychological and physiological models that govern level of pain, level of consciousness,
and, when necessary for the application, observable characteristics such as breathing rate,
blinking rate, and gestures such as scratching and coughing. (Hubal & Geoffrey, Training,
online). Authentic emotion generated by a behaviour engine is a necessary element for auto-
mated entertainment content creation within SALERO. Sets of emotional conditions can be
bundled to form the four temperaments (sanguine, choleric, melancholic, and phlegmatic)
and blended to form the twelve sub-temperaments (mel-chol, chol-san, san-phleg and so
on). The software should be able to remember corrections made to certain facial expressions

and therefore learn more subtle expressions over time.
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4.5.12 Behaviour: Movement constrains

An important thing concerning natural behaviour is not only what characters can do, but
also what they cannot do, in other words, what constraints limit their movements. A simple
example is the human knee. It stretches almost to 180 degrees, but then it stops. Any further
freedom of movement gives the impression that the character s body is either not human or
badly injured. Constraints for the human body vary depending on age, health, tness, inju-
ries, etc. Every character needs its speci ¢ set of constraints to behave in an authentic way. A
requirement for the software is the allowance to store constraints separately from geometry
and animation, making it possible to search and apply movement restrictions to independ-
ent characters. Furthermore, the option to combine different restrictions to create speci ¢
behaviour becomes available. The software can analyse the angles of allowed movements to
generate semantic meaning from them. E.g. if the knee of person can bend just 20 degrees,
the software can reason that this is not enough for a natural and healthy way of walking.
As a result, it could generate a limping -tag and store it in the behaviour-constraints data
structure to enable a semantic search. An illustration for the use of this could be an artist who
needs an old character with a stiff neck. She could rst apply normal healthy movement
restrictions of a healthy man to the character. Afterwards she searches for old man and re-
trieves a set of constraints which prevents the curvature of the spine from straightening too
much and also doesn t allow the knees to straighten fully. After she applies this second set to
the character its walk already resembles the movements of an old man. Lastly she searches
for stiff neck and gets a behaviour that narrows down the turning angle of the neck from
over 180 degrees to 120, therefore preventing the character from looking over his right
shoulder. With this last constraint on top of the previous, the character s movements are life-
like and resemble those of an old man, carefully avoiding certain motions that may ache.

An aspect that might add extra realism is the automated utilization of accessory -ob-
jects. An accessory-object could for instance be needed for reading the newspaper. This ac-
tivity would typically include turning the pages, slight rotations of the head and rotation of
the eyeballs from left to right. Especially if the virtual human is elderly it would look natural
if it would rst put a pair of eyeglasses on its nose. That would require three things: First, the
animation-sequence of reaching for the glasses and placing them on the nose, second the
actual spectacles-object and last a de ned interface between character and the object that
de nes where, on which speci ¢ spot, the eyeglasses would be touched by the hands of the
character.

Referring to the second point, the accessory-object involved in the sequence has to be a
standard object which is copied with the behaviour or has to be set by the artist. Dependencies
like this have to be checked by the software before rendering or compiling and, should the

occasion arise, warning-messages of missing geometry have to be shown to the author.



The third point, de ned interfaces between obijects, is an important issue that needs to
be considered when designing the authoring environment. The simplest form of interaction
would be some kind of position constraints like surface constraints or attachment constraints
that makes on object stay put in a certain place. An example would be a bracelet worn by
a woman. It could just stay on a certain spot around her wrist and not move, regardless of
the motions of its owner, but this doesn t ook realistic. In reality, the bangle would re ect the
forces it is exposed to and slide up or down, that means here too physic engines are needed
for realistic simulation. Nevertheless, what physics engines can t generate is an extensible

model of interaction-points for every virtual character and object.

4.5.13 Behaviour: Interaction areas

To begin with objects, it is a fact that many objects have designated areas that are meant
to be touched while others are not. For instance, eyeglasses are picked up and handled by
their sides and not by the glasses. The same is true for a kitchen knife. It is picked up and
held by its handle, never by the blade. That means there is a heed to de ne the areas of in-
teraction of objects. These areas could be initially de ned during the modelling process on a
sub-object level like polygon or element. In the context of intelligent objects, every area that
is designated for interaction should not only serve the purpose of picking itup or catch-
ing a hold of it there but should also feature hotspot abilities. When another object or
a character activates the hotspot by touching or other means of interaction, the hotspot
generates a message, an event that can be used to trigger an action. Imagine a reading lamp
on the bedside locker of a character. When the electricity switch is pushed, the lamp starts to
give light. Internally the prede ned hotspot of the switch was set to generate a light on
message if touched (collision detection needed) by a hotspot of another object. The light
on message causes the intensity of the light source in the reading lamp to change from 0%
to 100% and the switch to change from off to on . Furthermore a heat parameter
could be triggered to slowly climb to a prede ned value. Collision detection algorithms en-
coded in the physic engines mentioned earlier are capable of triggering hotspot messages
after intersection, but that is not the only form of interaction possible. Messages could be
generated when one object approaches another one and enters a given range. This could be
used to simulate for instance the behaviour of a underground parking garage barrier which
is set to open automatically when a car approaches or, more complex, the behaviours of a
watchdog starting to bark and jump if a character comes too close. Another form of inter-
action could be acoustic. That would require the hotspot to listen and wait for speci ¢
messages. Even though this kind of interaction is used as speech between humans it is not
yet used much in real life to interact with machines and will therefore not occur too often in

environments set in the present day. It is nevertheless used in sci- settings. If the character



uses speech synthesis, the acoustic interaction with an object would require the author to
mark text spots with tags so the software could interpret them and generate messages. For
example an <m> tag could identify that a message will follow and another tag could identify
the object to which the message is addressed, e.g. <toaster>. A line addressing the toaster
to heat the bread for three minutes could look like this: <m><toaster>Three minutes!</
toaster></m>. The use of a user-friendly editor could free the artist from having to deal with
syntax like in the example. If no speech synthesis is used the sending of messages could be
attached to other events, for example a certain time code or the entering of a room by a
certain character. For real-time live performances, messages could be triggered from external

sources like a real world phone caller or manually by the artist.

4.5.14 Behaviour: Interaction hierarchy

I mentioned above that objects have designated areas where they are normally touched
and handled. In a similar way this also applies to virtual humans or characters in general. We
shake each other s hands, not ears or noses; a football player uses his foot and not his elbow
to shoot a penalty kick and we normally use the tip of the index nger to ring a door bell.
In conventional animation the artist manually adjusts the characters in a way that the right
body parts interact with the environment, but in procedural generated animation the system
has to know which parts and spots should interact with each other. Therefore it is necessary
to de ne different spots and organize them in a hierarchical structure to allow extended au-
tomatization of interaction between characters and objects. To begin with the bone structure
of a character is a good starting point. The skeletons of most creatures feature a spine, a
head and extremities. Therefore general XML structures like

<left> <arm> < ngerl caption= thumb > < nger2 caption= index nger > </arm> </left>
could be generated. Once a structure like this is de ned, it could be applied universally to
a wide range of characters. For instance, once the generic structure for dog is de ned it
can be applied to any dog, since they all feature the same bone structure. Nevertheless, if
it is employed on a special dog like Cerberus who has three heads, it is easy to extend the
structure and add two extra heads. The leaves of this branching structure could then be as-
signed to well-de ned hotspot areas of the geometry of the model. In the example < nger
2><tip caption= index nger ></ nger2> the tag with the caption index nger could refer
to a de ned hotspot at the last phalanx of the index nger.

If later a script containing the line Mike scratches head with index nger is given to the
software, it could extract the keywords scratches , head , nger . Next it could search
its behaviour library for scratch and receive a small back and forth movement loop. Since

nose and nger are assigned to speci ¢ hotspots of the model, the software could be

able to generate the automated animation from the script. The same script should still work



if it is assigned to a character with a very different bone structure (for example an octopus)
because the interaction hierarchy would be compatible with the instructions and bridge the

gap to the different bone structure of the octopus.

Finger 2

Figure 7: Interaction hierarchies of different characters are compatible with the same animation

instructions

Every character features a bone structure which de nes the movement. In some cases it
could be necessary that the artist has to adjust hotspots for non-standard characters (e.qg.
an alien character has no arms but tentacles on its head, which would be comparable to the

tips of the ngers of a human). Therefore, it is necessary that the software automatically

nds out which bones are closest to a hotspot and thus involved in a movement of that
hotspot. Regarding the alien example, the chain could be: the spot on the end of the tentacle
is next to tentacle-bone one , which is connected to tentacle bone two and three. Tentacle
bone three is connected to the head. All of these bones are moved if the alien character tries
to reach something high above its head.

That means for non-standard characters hotspots have to be assigned to nodes in the
interaction hierarchy, in standard characters that could be done automatically. Nevertheless
an interaction hierarchy would provide a layer of abstraction allowing stock behaviours to
be attached to characters with different geometries. For example, the stock behaviour open
car door would include instructions that the right hand grips the car door handle. Even
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if the geometry of the characters is very different (the behaviour could be applied to a robot
and a penguin), both characters would accurately grip the handle because the same right
hand tag in the interaction hierarchy of each character would refer to different hotspots
speci c to the geometry of their hands .

The same syntax for a tree-shaped interaction hierarchy could be used for objects, to
de ne for example a general take tag for them. Such a take tag for a frying pan would
denote the handle, not the parts of it that rest on the hotplate. For another object like a bot-
tle it would be an area around the middle and for a football it would simply be the whole ob-
ject. Depending on the complexity of an object, any number of additional tags like open ,

close , switchon , switch off , use ,etc. can be de ned. In a standardized automated
animation environment the artist could simply write Bill takes bottle and wouldn t have
to think about if Bill uses the right or left hand or if he grabs the bottle too high or too low.
It would be de ned in Bill s behaviour library that he normally uses his right hand and in his
interaction structure the right hand tag would be connected to speci ¢ areas of his geom-
etry. Furthermore it would be de ned in the bottles interaction structure that it is normally
grabbed in the middle. The actual animation (the movements) how Bill takes the bottle must
be stored in Bills behaviour library, but the interaction points are stored in his interaction

structure .

4.5.15 Behaviour: Self-adaptation

How could self-adaptation to new environments for objects and characters work? Firstly,
every object and character that is added to a new scene has to connect to the environ-
ment using a de ned interface. If the handshake was successful, it compares the animation
data that is assigned to it with the requirements of the setting. If the setting is city in the
nineties, the environment will probably require from characters the ability to open car doors.
The character checks if such animations are stored in its data. It could for example have an

open car door available, but nd out that the environment also requires a use ticket au-
tomat animation, which it doesn t have. Therefore it requests the animation data from the
environment, which could have stored standard animations for human bone structure
and downloads it if available. All this happens automatically without help from the animator.
Nevertheless, if certain behaviour is requested by the environment but the character doesn t
have it and can t download it automatically it will prompt the author to specify a download
location or for permission to ignore the request. Storing behaviours and interaction structure
independently from geometrical data might be the right way to implement universally us-

able, self adaptable characters.



4.5.16 Audio: Automated sound modi cation

Min gligEshca The best case scenario for the creator of an animation

is a completely automated handling of sounds and noises.

Volume: 3

For example, the author adds a bicycle to the scene and the

sound of the bell, the moving chain and the noise of the
e Dit“ﬂa tires on the ground would automatically be available. Lets
volume: O assume the bike is ridden on the street, then through an
underpass where the rider rings the bell for a careless pedes-
Figure 8: Volume calculation ] ) )
trian and after that he rides the bike on an earth road and
again rings the bell for a rabbit sitting there.

Even in this simple sequence the noises coming from the same source will sound consid-
erably different. Let s begin with the tires. While they produce a rather sharp and constant
but quieter sound on the asphalt they might produce a louder, more unsteady sound, which
includes the noise of small stones being set under pressure, when they are on the dirt road.
The sound coming from the bell in the underpass is re ected by the walls of the narrow
space and exhibits different characteristics as to when it is emitted on the dirt road in a wide
open space. The same is true for the chain, the sound of which changes in accordance with
the environment.

This means it s not enough to have static sets of sounds. They have to be altered in real
time during the performance, in other words automated sound manipulation is needed.
Game engines, for example from id software*, introduce the concept of sound shaders .
Modwiki®®, a community site dedicated to the creation of custom extensions to id games,
de nes them as follows: Sounds shaders are primarily used to de ne a set of similar but
different sounds (like footsteps or dripping water) for the purpose of breaking the monotony
of using a single sound repeatedly. (modwiki.net, sound, online) Id software made a soft-
ware development kit (SDK) available to support modding of their Doom 3% game. The
documentation to the SDK explains the use of sound shaders. They allow extensive control
over sounds and are capable of autonomously calculating sound levels. The designer can
set minimum and maximum sound radii ( gure 1) to de ne where sound is audible, where
it gains volume and where it has its maximum. Furthermore, the shader is able to take the
surrounding geometry into account when calculating volume. Additionally, it has several
features which precisely control which speakers in a surround sound system are used to play

the sound. Also Valve s2 Source engine calculates volumes and frequencies of sounds de-
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pending on the distance to the source. For example, an explosion at a great distance sounds

like a low pitched bellow (Wikipedia, Source, online) but is heard as a sharp, loud crack
(Wikipedia, Source, online) by a nearby observer, due to changing of the pitch. Also the spa-
tial imaging of audio in three dimensional spaces is handled by most game engines, giving
the illusion that the sound orginates from a speci c place within the virtual world. There are
free game engines like Soya 3D%® or Crystal Space® that are capable of 3d sound and could
be adapted to the needs of the project. Apart from modi cations of sounds depending on
the distance to the source, the initial generation of sound has to be considered. A bicycle tire
on asphalt sounds different from one on gravel, therefore there has to be some interaction
between tires and underground before realistic sound can be synthesized.

It could be a useful approach to de ne states for objects and characters, for instance a

moving state for a bicycle. Every time an object changes its state, it could trigger one or
more prede ned events. Besides the riding state from above, the bike could also have a

standing state. When it switches from standing to moving because it is wheeled or
ridden, it could trigger a soundfunction which plays a sound loop for the tires. The function
would play the loop as long as the tires are moving. Another example is the breathing of a
horse. If it is moving slow it could be in trekking state breathing calmer and quieter than
in galloping state. Using collision detection, the soundfunction checks which other objects
are close to and which ones are actually touched by the geometry of the sound source. They
could be, for instance, asphalt, grass, gravel or little branches from bushes along a cartway.
If a collision is present, the sound-function has to communicate with the touching object
and request its speci cally stored sound information. Objects could have different sounds for
different regions. For example, knocking on a table will sound different if it is knocked on the
tabletop or on its legs. Taking this into account as well as physical information like speed of
collision or size of collision area as well as phase of matter, surface roughness, object shape,
etc. the soundfunction combines all sound data provided by all participating objects for the
calculation of the nal sound output. Sound calculations should also include Doppler effects
and pitch shifts.

Since most sounds only work in the context they have originally been created for, it is
desirable to make them more versatile. The virtual set could hold information about the spe-
ci ¢ requirements of the target medium and perform sound modi cations accordingly. For
example, large and full frequency sounds that are intended to be used for a game on a mo-
bile phone would be converted and optimized according to the limited playback capabilities
of the target hardware, therefore making the audio sound optimal on small speakers while

reducing storage demands. In an intelligent environment the author should once specify the
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target medium for the animation, and the software should therefore decide on its own if
Dolby Digital, DTS, 5.1 surround sound, 3D spatialization or data compression is needed and
what dynamic range is most suitable. Of course, the author always has the option to change
speci c parts of the settings.

In addition to sounds directly produced by interacting objects and characters, settings
feature ambient sounds, for instance the chirping of crickets in a full moon night. This is im-
portant to create a speci ¢ mood and to add realism to a given set. Sending an audio team
to record real sounds is expensive and the number of commercial atmosphere libraries is lim-
ited. Commercial libraries are also already mixed, which means it s not possible to add or re-
move sounds. Therefore, SALERO proposes the development of a semi-automatic ambiance
application, which would create ambiances on demand based text queries. The tool would
fetch the needed sounds from a database and import them to give the author full control
over the sound arrangement. A special usage of such a tool could be automatic crowd sound
generation, letting the artist de ne for example number and mood of the people or speci ¢

sound characteristics like those of a sports game. (compare Salreo: Annex |, 41)

4.5.17 Audio: Music

Music is present in most digital entertainment content. On the one hand it can be the
most important part of the entertainment, like in music videos or radio broadcasts, on the
other hand it is used to support the appeal of visual content. That means the music needs
to be adapted to the demands of the video to obtain the best results. If music is the main
and most important part of the production, for instance commercial chart hits, it is normally
not translated or adapted for different markets in Europe. Thats why | would like to focus
on supportive music, which often needs to be modi ed to t translated Im or television
dialogues or has to be changed according to the needs of different media. Another reason
for changes are the diverging preferences of different European countries. Normally music
would be assigned to a whole setting but it could also be useful to assign it directly to an
object or character, for example to equip it with a certain theme.

Film directors prefer Im scores to be particularly performed especially by an orchestra for
each scene. While orchestra settings reach the highest quality, they are also the most expen-
sive approach. If the budget doesn t allow the employment of professional musicians, sam-
pling technology or popular music is used instead. To nd adequate audio is a dif cult task,
since music annotation is normally textual. SALERO de nes several goals related to semantic
and content based music retrieval. They are semi-automatic library construction, seman-
tic labelling, natural language processing, visualization and clustering, audio ngerprinting,
consistency and integrity veri cation and use of common standards. | d like to write about

sound retrieval in more detail later and focus on two other music related goals rst, namely



semi-automatic music playlist generation and audio time-scaling. In addition to successful
execution of semantic search queries, playlist generation requires that the software be able
to co-ordinate the pieces of music to form a harmonious whole. Music similarity measures,
as described by Aucouturier and Pachet (compare Aucouturier and Pachet: similarity, online),
use timbral similarity measures to show correspondence relations between pieces of music,
being able to match songs from the same genre, the same artist or nd different encoded
versions of the same song. Besides other outcomes, the system found interesting similarities
between independent genres like Classical and Pop : (Beethoven - Romanze fur Violine
und Orchester Nr. 2 F-dur op.50 and Beatles - Eleanor Rigby), Classical and Musicals

(Beethoven - Romanze fur Violine und Orchester Nr. 2 F-dur op.50 and Gene Kelly  Singin
in the rain) and Trip Hop and Celtic Folk (Portishead - Mysterons and Alan Stivell -
Arvor You).

Since similarity queries in huge music databases return a large number of results, their
work utilises a formula to compute the subjective interest of the results. What the equita-
tion does is to relate how much an old belief, supported by old evidence, is changed by the
encounter of new evidence. The more the old belief is changed, the stronger the Aha -ex-
perience. One important nding of their paper is that the usefulness of similarity measures,
and music descriptors at large, is not to be found intrinsically, but rather lie, extrinsically, in
their mutual confrontation. (Aucouturier and Pachet: similarity, online). According to this
discovery, the SONY Computer Science Lab, which conducted the research, developed an
application that searches for textually (manually written tags) and timbral (physical and psy-
choacoustic characteristics like spectrum and envelope) similar songs.

The user has the option to adjust an Aha -Slider in order to change the textual similar-
ity while the timbral similarity stays always as high as possible. The result is that textually
similar songs are from the same artist and genre and therefore not surprising, while textually
different songs still sound similar, even though they come from different genres and artists.
Therefore their high surprise value makes them interesting. Automatic playlist generation
could be queried by successful movie soundtracks and create a similar sounding mix of
songs, but that contains pieces from different genres and artists.

Time-scaling is needed when a particular piece of audio has to t an image, but requires
being changed in order to meet the demand. We can de ne time-stretching of audio sig-
nals as the process of changing the signal s temporal scale without modifying its frequency
content. (Ravelli, Sandler, Bello, Time-Scaling, online) Time-scaling is mainly done using
time-domain or time-frequency algorithms. While time-domain methods perform well on
speech and monographic signals, the time-frequency approach achieves better results for
polyphonic audio but also produces artefacts, namely transient smearing and phasiness.

The rst means that the attack , whichis The rate at which the volume of a musical note



rises from zero to peak volume. (Belzen, Glossary, online), gets softened which makes for
example a drum beat loose its delity. The second artefact, phasiness, is often perceived as
if a reverb-like effect has been added to the sound. (Ravelli, Sandler, Bello, Time-Scaling,
online) In 2004, Christopher Duxbury® enhanced the standard phase vocoder time-scaling
algorithm and lessened the problem of transient smearing and noticeably reduced phasiness,
but his algorithm was computationally expensive and not meant to process stereo signals.
In 2005 Ravelli, Sandler and Bello implemented Duxbury s algorithm again. They im-
proved the computational performance as well as the cancellation of the transient smearing.
Next they expanded the software s capabilities to handle stereo signals. These improvements
allow the use of time scaling functionality in real-time real-world applications. In the context
of SALERO this tool could provide automated time-scaling functionality. To allow this, the
music, as well as the speech audio, need to have time-code based annotations, which mark
speci ¢ parts. Fore example, the speech of a circus director could be analysed regarding its
volume. Whenever he presents an attraction and therefore shouts out loud, the software
marks this spots in the timeline. Next a piece of circus music is analysed and its rhythm struc-
ture, its refrain or its breaks can be marked and synchronized to the spoken words. Music can

not only be stretched but breaks too can be elongated or shortened.

4.5.18 Audio: Retrieval

The sound functionalities describedin  3.4.1 De nitions: Sound, noise and music presume
that objects have sounds stored for one or more surface areas. If they didn t, sounds would
have to be synthesized from scratch, which | think is unrealistic, or the author would have to

nd sounds beforehand and assign them to the objects. Therefore, useable sound retrieval
tools are needed, which in turn require a practicable system to annotate sounds. Currently,
sound annotation is done textually, which is an arduous task , (Cano, Koppenberger, Le
Groux, Ricard, Wack, Herrera: Sound, online) metadata generation by automatic classi ca-
tion is desirable. According to the Music Technology Group, there are two main obstacles
that have to be overcome to archive usable content based sound annotation. First, a tax-
onomy that represents the world and, second, thousands of classi ers, each specialized in
distinguishing little details. (Cano, Koppenberger, Le Groux, Ricard, Wack, Herrera: Sound,
online)

They developed a sound annotation tool that uses data from the free WordNet database,

a semantic network that organizes real world knowledge (Cano, Koppenberger, Le Groux,
Ricard, Wack, Herrera: Sound, online). WordNet provides unambiguous depictions because
it provides a semantic group related to the speci ¢ word. These groups are called synsets .

The normal approach for sound retrieval is to rst create a classi er. A classi er has the task
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of identifying sounds belonging to a particular group like cars , laughs or piano . Then
a number of example sounds are collected and tagged in order to train the classi er, so that
it learns the concept of a speci ¢ sound.

If the goal is to have a database that is able to nd any possible sound, this method is not
practical because it would require training of thousands of classi ers. The alternative way of
the Music Technology Group is to take the new sound which needs classi cation and com-
pare it with the old sounds already stored in the database. If a close match is found, the
descriptions of the nearest neighbour are copied to the new sound. Normally, that would
produce ambiguity later on when someone searches for a sound because, for example, the
word bar can mean arigid piece of metal or wood or an establishment where alcoholic
drinks are served . The program avoids this by depicting sounds using semantic concepts
extracted from the WordNet database instead of just using terms. While it is a strength of
the system to be able to label a sound with an unambiguous concept it also has some weak
points. There is the problem that it sometimes can t decide which neighbour to pick, for
instance a sound could be a cat purring or acar revving . In this case it has to query the
user what to do. Next it needs a database of already indexed sounds for comparison. In the
testing setup, the reference database had over 40.000 tagged entries. Next, the program can
not satisfy the high demands of professional audio retrieving yet because it is not accurate
enough. Even on a reduced domain of 955 percussion instrument auto les, the classi cation
only achieved an 85% recognition rate. A best-match search in the entire database yielded
the results shown in table 1. At least in one case (domestic cat solo violin) the synset
doesn t match. Nevertheless, the nearest neighbour approach could be further improved
and combined with other annotation algorithms to allow semantic tagging of sounds for
SALERO.

Query Sound Caption Nearest-neighbour Caption

Mini Cooper Door Closes Interior Persp. Trabant Car Door Close

Waterfall Medium Constant Extremely Heavy Rain Storm Short Loop
M-domestic Cat- Harsh Meow Alv:Solo violin (looped)

Auto Pull Up Shut Off Oldsmobile Ferrari - Hard Take Off Away - Fast
Animal-dog-snarl-growl-bark-vicious Dinosaur Monster Growl Roar

Table 1: Best-match results for entire database query



Notwithstanding the fact that the Music Technology Group came to the conclusion that it
is too complicated to design and maintain Mpeg-7 description schemes that meet the needs
of a production-size sound effect management system (Cano, Koppenberger, Le Groux,
Ricard, Wack, Herrera: Sound, online), the effort of developing such schemes can be ben-
e cial in the long run for SALERO. Having sound-properties stored in an accessible structure
allows better compatibility to third party technology suppliers as well as to future applica-
tions. An extractor®® for low level audio properties and generation of an Mpeg-7 structure to
store them can be found on the webpage of the Technical University of Berlin. Furthermore,
a structured description of the audio properties will be needed for search by example
queries. Since this search mode looks for the closest match to the sample in the whole da-
tabase, the comparison can be computationally very expensive. Therefore, low-level audio
properties of all sounds in the database should already be extracted and available when the
query is posted. For this reason, computation should take place when storing a noise. A
database query evaluating pre-computed values will take less retrieval time. Again, to make
the high-level description of any query example unambiguous the WordNet database could
be utilized. In the background, the search engine could read the tags of the search example
and match them against the WordNet database. If it nds the word in independent synsets,
it could prompt the user to assign the right one. Synsets might also help to make the search

more task or user dependent.

4.5.19 Language sets

Section 3.5.4 Desired innovation for Translation and Language sets stated that fully au-
tomated translation of nished productions would be desirable. This process would require
automatic detection and translation of written language e.g. on signs or in letters. Next, all
spoken language would have to be recognized, translated and synthesized in the target lan-
guage. In addition, audio and/or visual time lines would have to be rescaled to t the differ-
ent temporal requirement of the new language. At present, full scale audio-visual translation
is not yet available because it requires the combination of several technical processes which
are not sophisticated enough to generate satisfying results.

The biggest problems in video OCR (optical character recognition) are low resolution
characters, low contrast, small size, complex backgrounds and motion blurred images. With
the help of several Iters applied to the source material in combination with a learning video
OCR-software the results of correctly read text are well over 80% (compare Chen, Shearer
and Bourlard: Video OCR, online). While the technique is useful in speci ¢ use cases to
search news archives or detect, for example, number plates in video footage, its abilities are

not advanced enough to serve for fully automated text translation in non-homogeneous

56 http://mpeg7Ild.nue.tu-berlin.de



environments yet. Nevertheless, existing technology could be used to detect text in footage,
extract it and try to translate it. Next, the software could produce a report that tells the exact
time-code at which the text appears, the extracted source text as well as the translation.
Video OCR software usually puts a frame around text that is found in footage material. Since
the programmes can distinguish background from text, it is possible to create a new bitmap
with the according background colour and put the translated text into it. The automatically
generated graphics can be used to substitute the original text in the video footage after they
have been supervised and corrected based on the report le. Graphical substitution poses
another problem, namely that graphics might be covered by other objects. Lets visualize
the sign of a bakery as an example. During the shot, people or cars might pass by in front
of it. That means the translation would have to be inserted on a special layer that can be
superimposed by objects passing in front of it, rather than just placed on top of the footage.
If developing an image generation and layer technology doesn t provide usable results, the
insertion of translated text as subtitles would be a less complicated way to convey the mean-
ing of text contained in video footage of a different language.

Even though automated speech-to-speech translation has been subject to research for
years and programs like IBM s MASTOR®” or NEC s mobile phone translator® have been
developed, the abilities of the software are limited. Because entertainment has high require-
ments on speech, present speech-to-speech translators can t yet be used but again the tech-
nigue is useful to support the process. The text-to-speech step of the translation requires the
algorithm to interpret audio that is new to the system, meaning the system hasn t been
trained beforehand to understand the particular voices. Next, it has to be speaker inde-
pendent which means it must be able to process speech from many different characters;
furthermore it must be capable of understanding continuous speech and distorted transfer
channels, like a voice over a phone line. Background noise or another speaker talking si-
multaneously pose further problems. A huge vocabulary database has to be available, since
footage can originate from any given genre and context. (compare Wikipedia, recognition,
online)

After transcription and correction the text can be translated. Machine translation (MT)
systems use dictionary-based, statistical, example-based or interlingual algorithms to inter-
pret the input. It improves the quality of the output to narrow down the context domain of
the input text because it helps to eliminate ambiguities. The translation of subtitles is another
area of application for MT, transforming plain text from one language to another. At present
machine translation is useful but not awless. The results need human correction.

The last step in the translation process is the generation of output audio using text-to-

57 http://domino.watson.ibm.com/comm/research.nsf/pages/r.uit.innovation.html
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speech (TTS) synthesis. There are several TTS approaches, using concatenative (unit selection,
diphone or domain-speci ¢) or formant synthesis. TMA Associates® compares several TTS
systems on its website, providing a speech sample table® of 18 vendors. The most advanced
technology is probably provided by Loquendo. The company provides an online interactive
Text-to-Speech Demo® which allows the input of text with immediate male or female high
quality voice output in several different languages, including emotional intonation based on
inline directives inserted in the sample text. The software is used in customer and informa-
tion services, customised news, insurance services, public administration of ces information,
etc. and could be adapted for use with speci c visual entertainment or information content.
Additional voice transformations could be applied to the synthesized voice to create more
distinctive voice features for different characters. Slow-down or speed-up algorithms could
adapt the output to a given timeline. (compare Salero, standards, 106)

Translation algorithms and language data can be organised as language sets, which can
be applied to characters and objects, or, on a higher level, to a whole set. If a French
character gets assigned a Spanish language set, it could automatically change the lip sync
of the facial animation to t the different pronunciation or the movements of the hands to
express a different way of gesticulation. Furthermore, character based language sets could
be specialised to t certain stock characters, like the young urban male or the wise old
man to favour certain keywords for translation, making the expressions t better to a cer-
tain setting.

Since characters contain references to their speech data in plain text or waveform, the
language set can automatically translate this data, using the above mentioned machine
translation features. This means if translation is needed, an empty target language set can be
assigned to an object. The newly assigned set veri es which language data is already stored
in the object. Next, it translates and stores the available information. Finally, it presents the
results (including timecode based references to the original footage) to the human translator
who just has to correct the mistakes.

For interactive applications like online games or advertising, applied language sets might
translate messages for the viewer in real-time. For DVD production, a language set could be

applied to a subtitles le to translate it automatically.
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4.6 Functional entity requirements to implement CGI production im-
provements

In this section | would like to describe more speci cally the functions that have to be en-

coded in each distinct SALERO entity to allow intelligent self-adaptation and behaviour.

4.6.1 Objects

Functionality: Object geometry adjustment

Input: object, aggregate state, sample materials, weight

Output: adjusted object

Description: This functionality allows the designer to change visible and invisible properties
of on object. These are non-destructive parametric modi cations which can be undone or

changed. Object modelling however is done in 3rd party modelling software.

4.6.2 Characters

Functionality: Character geometry adjustment

Input: Geometry modi ers: Bone structure properties, skin properties, hair properties, me-
tabolism properties, face properties, sex, age; invisible properties modi ers: voice proper-
ties, weight, movement properties, constrains, age

Output: adjusted character

Description: This function allows the designer to adapt the character to the speci ¢ produc-

tion needs.

4.6.3 Behaviours

Functionality: Physical behaviour adjustment

Input: Object or character, individual physical parameters, cartoon laws of physics (compare
Setting the laws of physics in section 4.6.6), percentage of independence

Output: individual physical character behaviour

Description: This function allows the author to set individual laws of physics for a character

or object. It is also possible to de ne how strong the environment laws apply to the character

or object.

Functionality: Intentional character behaviour

Input: required actions script or behaviour animation input with mouse and keyboard
Output: character behaviour

Description: This function allows the author to direct the virtual characters or objects ani-
mation. On the one hand the instructions can be given in a written form ( Jack: walks to

horse. ) or the function records the animation in real-time, for example a mouse-click on



the horse makes Jack go there. The automatically generated animation can be re ned by

the author.

Functionality: Emotional behaviour settings

Input: temperament, emotion setting, time-code or trigger events

Output: emotional character behaviour

Description: The function lets the author de ne the character s emotional state of mind. The
designer sets the general temperament as well as temporal mind states (pain, anger, happi-

ness, etc), which are changed depending on time or trigger events.

Functionality: Group or swarm behaviour settings

Input: characters or objects, behaviour

Output: group behaviour

Description: This function lets the author assign group or swarm behaviour to a set of char-
acters or objects, which could cause the individuals to behave like a swarm of birds or col-

lectively show mass hysteria .

Functionality: Interaction points (hotspots) adjustment or creation

Input: character, (source hotspot de nitions)

Output: hotspots de nition

Description: The author can de ne (by painting on the virtual character), adapt or load the

interaction areas a character may feature for automated behaviour.

Functionality: Interaction hierarchy adjustment or creation

Input: character or object, (source interaction hierarchy)

Output: interaction hierarchy

Description: The function allows the author to re ne or create an interaction hierarchy for a

character or an object.

Functionality: Assigning hotspots to interaction hierarchy (may be needed for non-standard
character setup)

Input: character or object, hotspot de nition, interaction hierarchy

Output: interaction rigging

Description: The author assigns the de ned hotspots of the character or object geometry
to the leaves of the interaction hierarchy for non-standard characters or objects with this

function.



4.6.4 Sounds and music

Functionality: sound volume adjustment

Input: object or character

Output: sound volume de nitions

Description: This function allows the author to set minimum and maximum sound volume

levels as well as minimum and maximum sound distances.

Functionality: Sound adaptation

Input: object or character, sounds

Output: sound assignments for objects and characters

Description: This function allows the author to assign and remove sounds to objects and

characters. The designer can also assign different sounds for speci ¢ object or character
states and events, for example a loud sound for a high-revving car and a quieter sound

when it runs idle or a click-sound for the event that a bedside lamp is switched on.

Functionality: Crowd sound generation

Input: crowd size de nition, event type, crowd mood, etc

Output: crowd sound

Description: This function allows the author to create the sound of a crowd based on several

input parameters.

Functionality: Ambient sound generation

Input: genre, location, sound les, etc.

Output: ambient sound

Description: This function allows the author to create ambient sound based several input

parameters.

Functionality: Automatic play-list generation

Input: style, artist, genre, sample-play-list, etc

Output: playlist

Description: This function generates a play-list according to the de nitions given by the de-

signer. It uses a large database to compare and retrieve music.

Functionality: Music time scaling
Input: annotated music, annotated animation
Output: time-scaled music

Description: The function adjusts music to the needs of a given animation by synchronizing



events in the music with events in the animation described by Mpeg-7 information

4.6.5 Language sets

Functionality: Changing of object or character language

Input: object or character, language set

Output: speech or text in target language

Description: This function allows changing the language of an object or character. Once it is

applied, it translates language data available or synthesizes speech from text.

4.6.6 Environment functionality

Functionality: Setting the laws of physics

Input: Physical environment parameters (gravity, temperature, velocity, friction, wind resist-
ance, etc) as well as laws of cartoon physics (e.g. squashing and stretching, anticipation,
slow in and slow out, etc)

Output: physical environment laws

Description: This function lets the author set the current physical laws according to which

the characters and objects interact.

Functionality: Setting scene behaviours

Input: stock behaviour

Output: stock behaviour assignments

Description: The function lets the designer specify stock behaviours for a given genre and
setting. For example 21st century city would include behaviours to open car doors. The

function assigns the stock behaviours to every character or object in the scene

Functionality: De nition of target medium

Input: target medium

Output: applied target medium speci cations

Description: This function globally assigns target medium speci cations to all objects, which

change the object s properties for nal rendering.

Functionality: Changing of set language

Input: language set

Output: speech or text in target language

Description: This function allows changing the language of an entire set. Once it is applied,
it translates language data available or synthesizes speech from text for every object and

character in a scene.



4.6.7 Data retrieval functions:

Functionality: Object retrieval

Input: one or more of these search criteria: sample object, sample material, sample picture,
sample sound, search string, genre and target medium

Output: list of suitable objects

Description: Search function for object retrieval that allows searching by different query-

methods.

Functionality: Special effects (animated object) retrieval

Input: object retrieval inputs and additionally low level (e. g. frequency, duration, wave
form of the synthesising function) and textual description of the animation

Output: list of suitable objects

Description: Search function for animated (special effect) object retrieval that allows search-

ing by different query-methods.

Functionality: Special effects (particle system) retrieval

Input: low level special effect properties (e.g. particle life span, total humber of particles
in system, output speed), search by image (of particle system or surface map) or semantic
description

Output: list of suitable special effects

Description: This function allows the author to search for particle special effects.

Functionality: Character retrieval

Input: search string, search by one or more of these properties: bone structure properties,
skin properties, hair properties, metabolism properties, face properties, sex, age, sample ma-
terial, sample picture, sample sound, genre and target medium invisible properties: voice
properties, weight, movement properties, constraints, age

Output: list of suitable characters

Description: Search function for character retrieval that allows searching by different query-

methods.

Functionality: Behaviour retrieval

Input: search string including one or more keywords concerning temperament, emotional
settings, group or swarm behaviour

Output: list of suitable behaviours

Description: Search function for behaviour retrieval that allows searching by text-query.



Functionality: Sound/music retrieval

Input: search string including one or more keywords regarding genre, artist, date of publica-
tion, etc. search-by-example with music and sound les

Output: list of suitable sounds or music pieces

Description: Search function for music and sounds retrieval that allows searching by different

query-methods.

Functionality: Language set retrieval
Input: search string or target language, genre, output medium
Output: list of suitable language sets

Description: Search function for language sets.

4.7 Conventional live action Im production work ow

4.7.1 Imagery

Looking at the production sections of live action movies in more detail, they consist of
Development: script development or purchase of a screenplay, Financing; Pre-production:
budgeting, scheduling, casting, rehearsals, set construction, location scouting; Production:
principal photography, In-camera special effects; Post-production: Im editing, visual effects,
musical scoring, sound editing, sound effects; Distribution and Exhibition: marketing, mer-
chandising; (compare Wikipedia, Film production, online).

SALERO aims to automate digital assets used in live action movies. That means CGl is
integrated in the live action footage. The computer generated assets usually have the pur-
pose of providing objects, backgrounds, characters or other items that are otherwise hard to
visualize. Another important issue is special effects animation, which regards non-character
moving objects like cars, trains, rain, snow, re, magic, shadows (Wikipedia, effects, on-
line) or other phenomena. Special effects are therefore needed in Im production more often
than animated characters.

To archive special effects of non-solid objects in live action movies, particle systems are
employed. These systems are capable of simulating re, explosions, smoke, owing water,
sparks, falling leaves, clouds, fog, snow, dust, meteor tails, or abstract visual effects like
glowing trails, etc. (Wikipedia, Particle, online). In Autodesk s 3D Studio Max user s refer-
ence particle systems are divided in non-event-driven and event-driven systems. In the
former, particles typically exhibit similar properties throughout the animation (Autodesk,
Software reference), while the latter one makes it possible to combine individual operators
that describe particle properties such as shape, speed, direction, and rotation over a period

of time into groups called events. (Autodesk, Software reference). During the run time of



an event , each operator is continuously evaluated and the ow of the particles is adapted

in accordance with the outcome.

4.7.2 Audio

As in CGl, the audio part of a live action movie consists of music, dialogue, sound effects
and in most cases foley. Producing the audio of live action movies features the same basic
structure of pre-production, production and post-production like CGI audio but the activities
differ on closer examination. Live action movie audio preproduction s main concern is also
about organizational issues but the production phases include sound recordings at the actual
location of principal photography. Especially at outdoor locations, recording usable audio
material can be very dif cult due to the limited control over the environment. A barking dog
or a honking car can render the material useless.

Therefore, post-production often re-records audio again, for example the voice of an art-
ist couldn t be recorded in suf cient quality during the principle shot and therefore he or she
has to speak the same lines again in a recording session in an audio studio. Sound effects are
recorded by specialised professionals (compare 4.2.2).

After recording all necessary audio les, the different sound assets are combined and ed-
ited in audio postproduction. In this phase, the audio is also prepared and encoded in respect

of the target media.

4.8 Standard software used in live action |m production

4.8.1 Imagery

To generate special effect objects for live action movies generally the same 3d modelling
packages as in CGl are used (compare 4.3.1 3d Software packages ).

Live action movies often require particle systems for special effect creation. All major
modelling packages like 3ds max, Maya, Softimage or the open source alternative Blender,
include tools to create particle systems, which are stored in their proprietary le formats.

Digital special effects are not always three dimensional particle systems, but can also be
two dimensional layers superimposed to live action footage. These layers are created with
compositing-software such as Autodesk s Combustion®, Adobe s After Effects®® or Apple s

Motion®.
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4.8.2 Audio

The most widespread digital audio workstations for live action movie audio production
are those described in 4.3.3 Standard software used in CGI Im production: Audio , name-
ly Digidesign s ProTools as well as Steinberg s Nuendo.

4.9 Live action Im output and data formats

4.9.1 Imagery

Work ow le formats for digital special effects (e.g. particle systems, moving objects) in
live action movies largely feature the le types as described in 4.4.1 Imagery in CGI Film
output and le formats . Concerning accessing the proprietary le types needed to export
and import particle systems, the same problems as in CGI are evident, which means import/
export plug-ins will have to be written since open le formats such as X3D proposed by the
Web 3D Consortium, ISO 10303 also known as STEP Standard for the Exchange of Product
model data or .U3D by Ecma are not yet widely used for le transfer in the entertainment
industry. The nal delivery format at present state is 35mm Im including digital audio in-
formation (compare 4.4.1) for analogue projection or JPEG 2000 encoded 2K or 4K images
for digital cinema.

Two-dimensional special effects layers are often created with speci ¢ plug-ins for com-
positing-programmes and stored in proprietary le formats. They have to be exported to
common le formats like the Open Media Framework (OMF), the Advanced Authoring
Format (Aaf)®®, the Material eXchange Format®® (Mxf) or a combination of those. Another
approach is storing visual effects as rendered video layers including alpha channel data.
Video layers can be annotated with Mpeg 7 for information retrieval. Nevertheless, the stor-

age of rendered effects footage in high quality demands large amounts of disc space.

4.9.2 Audio

To integrate existing production pipelines SALERO sound output has to be compatible
with industry standard DAWs like Digidesign s Pro Tools®” or Steinberg s Nuendo®8. (compare
4.4.2) Cinema audio output for live action movies utilises the same audio systems as CGI
movies, namely SDDS, DTS and Dolby Digital and the Broadcast Wave le format for digital

cinemas. (compare 4.4.2)

65 http://www.aafassociation.org/
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4.10SALERO work ow improvement concepts for live action Im pro-
duction

Production activities for which the use of SALERO might be most bene cial are mainly
post production tasks such as visual effects, musical scoring, sound editing and sound ef-
fects. SALERO technology could be used to store, nd and reuse animated special effects as
well as retrieving arti cial characters, virtual sets, objects, sounds and language sets for the

use in live action movies.

4.10.1 Objects

In live action movies Visual effects are often achieved by the use of special effect ob-
jects. Special effects objects can refer to two types of items.

First they can be normal objects like described in chapter 3.2 Objects with the ad-
dition that they have motion animation and sound assigned to them. A cuckoo clock, for
example, is not a character since it doesn t have intentional behaviour or any kind of Al. It
features a looped animation that triggers the bird to come out and open its beak. It also
contains the cuckoo -sound as well as the sound of the clock s chime. SALERO should of-
fer possibilities to search the object by the physical properties (e.g. number of faces, mesh
type, maps) of its geometry; but in addition to that also by the physical properties of its
animation, among others for example duration, repetition, the wave form of the synthesis-
ing function (for instance sine, square, triangle or sawtooth), the properties of the anima-
tion sound as well as semantic annotations ( Black Forest Cuckoo clock, hourly alarm with
cuckoo-sound).

The second form of animated special effects is particle systems. Within SALERO, particle
systems should be implemented as an entity on their own, since they do not feature a de-

ned geometry like objects or characters. Rather they are de ned by speed of output, life
span, damping, total number of particles in the system, multiplication, randomness, forces
effecting on the particles, etc. (compare Wikipedia, Partikelsystem, online). Every particle is
foremost a mathematical construct. To make it visible, each particle is substituted by a visual
object during rendering.

These objects can be coloured pixels, bitmaps or more complex geometry including maps
and special shaders. The above mentioned low-level properties can be extracted easily from
the values stored in the systems variables and have to be stored in a searchable XML descrip-
tion. Besides from searching for these features, they can be used to generate higher level
annotations.

An example for automated description generation would be a system that features a few

hundred particles with a very long lifespan, low speed when they are emitted and a random



force that continuously moves them. Furthermore the systems include maps of leaves from
trees like birch, maple and alder. An intelligent annotation algorithm could be trained to
recognize these features and create internal rules like this system is not re, because re
particles have a short lifespan or search the semantic WordNet database for words used in
the names of maps (birch, maple and alder could lead the system to nd the superordinate
word tree ) to create descriptions of what this particle system might be, in this case leaves

in the wind.

4.10.2 Characters

For clari cation, it should be said that also in the context of live action movies character
refers to virtual characters used in a live action footage. The advantage SALERO might bring
to virtual characters in live action movies is a faster creation process as described in 4.5.6

SALERO work ow improvement concepts for CGl Im production: Characters

4.10.3 Behaviours

Behaviours for objects and characters support the designer in the creation process by
largely automating physical and emotional action. Behaviours for live action movies are the
same as used in CGIl movies, described in section 4.5.8 Behaviours and Animation to

4.5.15 Behaviour: Self-adaptation .

4.10.4 Sounds

Regarding musical scoring, SALERO can be used to nd and adapt existing audio using
the audio retrieval methods described in 4.5.18 Audio: Retrieval . Every piece of music
contains different parts which are suited better than others to heighten emotions provoked
by the imagery (Wikipedia, Score, online). These parts are, for example, the refrain, a punch
line in a Hip-Hop song, a break or a drum solo. Given that these special moments in a musical
performance are annotated accordingly, they can be synchronized to distinctive events in the
movie-timeline with the possible help of time scaling algorithms, for instance the nal kiss of
the hero and his or her love interest can be brought in line with the guitar solo of a song.
Sound retrieval is also the rst step for the utilization of sound effects.

An effect might be adapted to a speci ¢ image with the use of soundshaders. The input
a soundshader would need to render a speci ¢ sound would be the original sound effect as
well as one or more three dimensional objects. It would probably be most realistic to have a

virtual room , the dimensions of which can be freely de ned by the artist. Next the artist
de nes the wall properties (like concrete, cloth, wood) and adds 3d models which re ect the
sound. Models should feature physical properties because they alter the output. Imagine for
instance a scream emitted in a ship s cargo-space. It sounds different if the space is lled with

Christmas trees in comparison to metal-containers.



4.10.5 Language sets

Language sets in live action movies could be used to change original footage as well as 3d

objects and virtual characters. They are described in 4.5.19 Language sets .

4.11 Functional entity requirements to implement live action movie pro-
duction improvements

The requirements for objects, characters, behaviours, language sets, environment and
data retrieval for live action movies are identical to those for CGl movie production, since
the images and sounds are created within the SALERO software. Then they are exported for
use with the live action footage. To adapt the SALERO audio to the characteristics of a live

action set, an additional sound modi cation function is needed.

Functionality: environment based sound modi cation

Input: sound le, 3d objects, virtual room -properties

Output: sound modi ed according to live action set

Description: This function allows the author to simulate the sound characteristics caused by

the properties and objects of the surroundings

4.12 Section summary

Mainly CGl Im productions can bene t from the automated animation, asset retrieval
and sound modi cation a SALERO software solution would provide. Live action movie pro-
ductions bene t if SALERO enhances the creation of computer generated images or sounds

that are used with the live action footage.

4.12.1 Entities used in Im production

In Im production all target entities (characters, objects, sounds, language sets and be-

haviours) of the SALERO software are used.

4.12.2 SALERO functions

Objects: Object geometry adjustment

Characters: Character geometry adjustment

Behaviours: Physical behaviour adjustment, Intentional character behaviour, Emotional be-
haviour settings, Group or swarm behaviour settings, Interaction points (hotspots) adjust-
ment or creation, Interaction hierarchy adjustment or creation, Assign hotspots to interaction
hierarchy (for non-standard characters)

Sounds and music: sound volume adjustment, sound adaptation, environment based sound

modi cation, Crowd sound generation, Ambient sound generation, Automatic play-list gen-



eration, Music time scaling

Language sets: Changing of object or character language

Environment functionality: Setting the laws of physics, Setting scene behaviours,

De nition of target medium, Changing of set language

Data retrieval functions: data retrieval for objects, special effects (animated object), special

effects (particle system), characters, behaviours, sound/music and language sets

4.12.3 Data to be stored in SALERO objects
Since separate storing and retrieving of each SALERO entity is required, | would like to sum
up the information that has to be stored in each data-structure.
Object: (if possible procedurally stored) geometry data, maps and procedural material data,
physical object data (weight, friction, melting point, etc), reference to the animation data
for special effect objects, sound-modi cation instructions for sound-shaders, references to
sound- and behaviour data
Character: (if possible procedurally stored) geometry data (including geometry modi ers for
bone structure, face properties, hair properties, sex properties, weight, age), skin texture
(maps and procedures), voice properties, reference to sound- and behaviour-data
Behaviours: movement and facial animation data based on keyframe or motion capture
data (animation data steers for instance locomotion, intentional actions, idle-actions, etc.
depending on mind state and temper of the character; changes of mind state and temper in
turn are generated by the environments behaviour engine), mind state, temperament, me-
tabolism, age, self-awareness (e. g. according to level of detail or camera distance), group
behaviour, movement constraints
Sound/music: sound information in uncompressed broadcast-wave (BWAV) format
Language set: language data to perform textual (visual) or audible translation of a given in-
put to the target language taking account of the required genre and voice characteristics
Set: Genre, virtual date, physical laws

For data retrieval, the le for each entity has to additionally store semantically a non-
ambiguous textual entity description, images from all six orthographic views (top, bottom,
front, back, left, right) for visual entities, low level description of optical features (e.g. aver-
age colour, colour histogram, texture features, outline of shapes, etc), and the applicability
for speci c target media as well as low-level descriptions of acoustic features (volume, fre-
quency, duration, beat-count, etc). All description data must be stored in a machine-read-

able Mpeg-7 description scheme.



5 Media requirements for Television

5.1 Introduction

In the following sections | will write about the production elements and requirements the
SALERO software has to meet additionally to those found in Im production. In the middle
of the Fifties television became popular in American households and some time after that
also in Europe. In the Seventies, colour TV became available, in the Eighties stereo TV. The
latest development for television is digital television broadcast, which allows high de nition

pictures and surround sound.

5.2 Conventional television production work ow

5.2.1 Video

The production control room is the central facility of every TV production, processing all
incoming and outgoing signals. A signal could be delivered from satellites, remote studios,
live- bulletins, etc. The control room directly communicates with other facilities of the TV
station like recording-studios, graphics department, editing department and others. The fa-
cilities share a common network for direct data exchange. The person who is in charge of
the entire production is the producer. He or she hires the writer, key talent, director, technical
stuff, etc. and is responsible for successfully carrying out the production.

At present, video-servers are used to store and pre-program the sequence of inserts of a
production. Video-server allow the automatization of large parts of the broadcast program.
An important section of every TV station is the archive. Depending on the performance of
the archive, automated and therefore fast archive access is possible. During production the

director is responsible for makeing the technical crew and talent successfully work together.

5.2.2 Audio

In television, a general audio guideline Audio follows video exists. It means that every
video channel gets automatically assigned one audio channel in the control room. There are
several approaches to audio creation in television. Synthesized stereo means possessing a
monaural (non-stereo) signal and electronically simulating stereo. To reproduce true stereo, it
is necessary that the signal was recorded with two microphones or one stereo-microphone.

In TV productions, typically a monophonic voice recording is mixed with a stereo back-
ground sound. In more complicated settings, like a musical performance, each sound source
must be recorded with a separate microphone in order to have full control in the post-pro-

duction sound mixing. Multi-track recording is commonly done on computer hard disks.



Even though camera perspectives may change frequently, for example in a dialog, sound
environments may stay relatively constant, not to distract the viewer from the broadcast
content. Especially for HDTV productions, it is common to record 5.1 surround sounds using
quadrophonic microphones or several monophonic devices. In TV production, all incoming
signals (mic-level and line-level inputs) are processed by an audio board. When document-
ing an acoustically complex event like a music concert, picking up the signal from a profes-
sionally mixed audio system would typically result in better sound quality then using own

microphone recordings.

5.3 Standard software used in television production

5.3.1 Video

The control room hosts a variety of technical items like a video monitor wall to show
all video signals, a vision mixer, an audio mixing console, a character generator, waveform
monitors, vectorscopes (to display the saturation and hue of chroma signals) and camera
control units. Vendors, who provide software and hardware solutions are, among others,
Sony, Panasonic, Philips or Grass Valley. In most cases these solutions are hardware based

systems with additional software control options.

5.3.2 Audio

Audio software for (digital) television is required to handle surround sound. Depending
on studio dimensions, industry standard audio DAWSs as described 4.3.3 Conventional CGI

Im production work ow: Audio are utilized.

5.4 Television output and data formats

5.4.1 Video

The handling of video signals in television can be divided in archive and broadcasting for-
mats. Archives are frequently stored on hard-disks or tapes. The cheapest storage approach
is the use of LTO (Linear Tape-Open) tapes. LTO is open format developed by Certance,
Hewlett-Packard and IBM. Sony s IMX (Interoperability Material Exchange) and Panasonic s
DV (Digital Video) are the dominant le types. Many TV stations use a mix of harddisk and
tape storage for their archives. IMX and DV les can be embedded in description formats
like MXF (Material eXchange Format), which contain metadata for information retrieval.

Broadcasting formats differ for standard and HD television. The standard in Europe is PAL
(phase-alternating line). The PAL signal contains 625-lines (from which are 576 visible). The
horizontal resolution can be 768 or 1024 lines. The content is refreshed at 50 Hz and has a
4:3 or 16:9 aspect ratio. For HDTV the European Broadcasting Union (EBU) recommended



the use of the 720p50 broadcast format. This signal features 720 lines of vertical resolution.
The letter p stands for progressive (non-interlaced) pictures. Conveniently, 720p has a
widescreen aspect ratio of 16:9 with a horizontal resolution of 1280 lines and features a
frame rate of 50 hertz. The video and audio signals are encoded using Mpeg-2 or Mpeg-4

compression.

5.4.2 Audio

Standard analogue TV is broadcast in stereo; nevertheless, a standard TV signal can be
broadcast digitally and then equipped with surround sound, e.g. Dolby Digital. For HDTV
the use of 5.1 surround sound is standard. The standard archive format for audio is BWF

(Broadcast Wave Format).

5.5 SALERO work ow improvement concepts for television production

In the context of television, the use of SALERO software has to be distinguished in two
different areas of application. First, the production of audiovisual content intended for broad-
casting on TV. Second, the utilisation of SALERO functions in the television studio environ-
ment to support the studio work. If content containing, for example, character animation or
special effects is created for broadcast, the work ow is very similar to producing for cinema
screens. If television is de ned as the output media, the software should automatically take
care of media-speci c characteristics like safe-frames or level of detail required from 3d ob-
jects. Also the output le formats are automatically adapted to the target medium.

In the context of studio TV production, SALERO could be used for information retrieval,

translation or sound modi cation.

5.5.1 Data retrieval functions

SALERO can add value in the TV production environment by integrating semantic search
functions for audiovisual content retrieval from large archives. Therefore, common television
archive le formats like LTO, DV and MXF have to be readable. Existing MXF metadata could
be enriched by metadata generated from SALERO low level video analyses. Annotations
from original SALERO content could be translated to comply with established archive de-

scription formats.

5.5.2 Sounds and music modi cation

Sounds from television stations archives or other sound databases can be retrieved and
modi ed in real-time or for recordings using SALERO sound-shaders. That also includes mu-

sic time-scaling to adapt the audio to an annotated video.



5.5.3 Language translation

The translation of textual, visual or acoustic language data can be supported by the use
of SALREO language sets. The translation can be used to annotate content in multiple lan-

guages, to support information search or to process information for broadcast.

5.6 Functional entity requirements to implement television production
improvements

In addition to software requirements from previous sections, the data retrieval functional-

ity of SALERO has the be extended to search large television stations archives.

5.6.1 Data retrieval functions

Functionality: Audio and video retrieval from TV archives

Input: enquiry as search string, low level video or audio description, search-by-example-
frame, search-by-example-audio

Output: list of matching video or audio footage

Description: This function connects to TV archives containing e.g. LTO, DV or MXF les in

order to retrieve video or audio footage.

5.6.2 Environment functionality

Functionality: Save frame consideration for television formats

Input: de nition of output format

Output: save frame settings for animations

Description: This function takes into consideration the safe-frame requirements of speci ¢
broadcast formats and displays a warning or an error it the animator uses unsafe screen

areas to show text.

5.7 Section summary

The requirements for the use of SALERO to produce content for television broadcast are
similar to those for movie production, but TV content is encoded using smaller frame-sizes
and less elaborated audio information, therefore necessitating a lower level of detail and
fewer audio channels. Speci ¢ media requirements like safe frames for onscreen text must
be encoded in the SALERO production environment. In the context of television studio pro-
duction, SALERO offers partial work ow improvement due to enhanced data retrieval, au-
tomated translation and audio manipulation. No additional data has to be stored in SALERO

objects to support the requested functionality.



