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ABSTRACT

Sketching and planning stories containing human characters
requires an animation tool dedicated to it. Traditional animation
systems contain a low-working process that is not right for rapid
prototyping. A story can be rapidly designed only if the interface
supports the author expressly. This paper presents an authoring
style for animation that contains high level narrative structures
and multimedia objects and a structured animation modei. The
proposed approach explores the use of true 3D graphics in the
carly phase of story building instead of the traditional storyboard
methods. To define a 3D authoring style we have to integrate real
time animation synthesis techniques and muliimedia authoring
metaphors.
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1. INTRODUCTION

Animation research has provided extraordinary results in recent
years with regard to modelling photorealistic scenes and synthetic
actors, though the actual tools to support the early phase of story
building have been somewhat neglected. Yet conception,
designing and planning are fundamental tasks in making virtuat
stories and require a tool that supports the authoring process
expressly to speed it up.

Interactive and linear stories are innovative presentation
information methods for advanced multimedia applications
{education, presentation, interface design, film making, etc,) and
deserve more attention. Some researches are currently studying
the field of interactive stories (for example [1]), which are
principally used in games and education applications. In this
paper we address linear stories, since designing linear stories with
a computer is a long and laborious process as well and we believe
that there is a lack of dedicated tools for this task.

Traditional animation systems are difficult to use for making rapid
prototypes of linear stories since their method is rather slow. The
method currently used [2] [3] is sequential and is based on
computer graphics tasks such as body part modelling, face
animation, body motion, hand animation, clothes animation, and
rendering, that do not reflect the author’s paint of view.

Animation systems aim at providing a high quality result to the
end user but they are not sufficiently concerned with the authoring
process. They do not provide a specific support to change and
manipulate the components of a story. The final animation is a
lincar medium which does not contain all the high level structures

that the author has implicitly used during the animation
construction.

One goal of this research is to place the author at the centre of the
system and to define an authoring style for animation that relies
on a structured animation model whose components are natural to
the user. All the objects that a user can manipulate pertain io the
narration, whether they are narrative units (e.g. an action, a scene)
or media objects. Media objects can be geometric objects {mainly
characters), movements, voice, sound, dialogues, music, lights,
and camera, whereas traditional authoring systems limit their field
of action to text, audio, image, and video.

In this paper we explore the use of true 3D graphics to pre-
visualize scenes and go beyond the traditional storyboard method
that provides a rough idea of a scene by combining approximate
video sequences, sounds and dialogues.

The proposed structured animation model requires the integration
of multimedia authoring techniques and real-time character
animation synthesis techniques. Integrating multimedia and
character animation raises some problems that affect the
architecture of the animation system which have not been
completely explored. Few authors deal with this problem. One
method for integrating inferactive animation in a multimedia
presentation is described by Preston [13].

In this paper we describe first current methods to plan 3D stories
and the drawbacks of the available systems. Then we present a
time-hierarchy animation model that supports real time motion
synthesis techniques and multiple authoring styles. We explain
how a story can be crealed and describe some scenes. That will
prove that a structured animation style facilitates the creation of
complex scenes: the richer the scene comtent, the simpler the
design process is.

2. APPROACHES AND PROBLEMS

Neither commercial nor research tools cover expressly pre-
visualization needs. Specially 3D graphics is not conveniently
used in this field.

2.1 Lack of dedicated tools

There are no tools that explicitly address the rapid creation and
pre-visualisation of linear storics. Even the filmmaking field
cannot count on real commercial designing tools. Authors usually
use general-purpose systems {e.g. Adobe Photoshop Premiere,
After Effects).

A commercial tool that has the goal of assisting directors to plan
the flow of the scenes is OnStage! [4]. Instead of the traditional
storyboard the author can represent scenes through approximate




video sequences, sounds and dialogues, to get a rough idea of the
final result.

MAD [5], among research tools, is a system that helps authors to
create a multimedia document that combines words, images,
sounds, and videos, and lets visualise approximate versions of a
film,

The first system that aims to explore the use of 3D graphics to
pre-visualise films is Moviemaker ([6]). It gives the possibility to
try out actors and camera positions in a 3D space before the real
shooting. Actually the system does not use 3D actors but imagines
of real actors taken from different angles and conveniently placed
on the stage. This choice is due to the need of getting a real time
visualisation even with many actors.

2.2 Imadequacy of current animation systems
Current 3D animation systems are difficult to use to make the
rapid prototype of a story because they are inadequate under many
aspects.

Animation systems contain a slow-working method, The
animation process is somewhat sequential and is based on
computer graphics tasks that do not reflect the author point of
view. Various authors [2] [3] have described this process and its
main phases (e.g. body part modelling, face animation, body
motion, hand animation, cloth animation, and rendering). The
users buitd separate graphic objects {even using different tools)
and assemble them in a second time. Though the authors can
preview the individual objects they usually cannot have s pre-
view of the narration before they have rendered the whole scene.
I the result is unsatisfactory they have to rebuild parts of it.

An animation system offers several animation styles only because
it contains and integrates various animation synthesis technigues
not because it contains a clear metaphor for authoring animations
and complex scenes. For example it usually provides various
motion control levels, Aecording to Bruderlin {11] at the botiom
there is the in a joint level that let control the value of a single
articulation angle. At the top there is the within the world level
that let control the movements of the actors in the space {path
planning). In-between one can interact with the levels within a
limb, between limbs and befween figures. But these interfaces are
finalized to facilitate the construction of the animation keyframes
and do not support the structure of a story.

To ease synchronization some animation systems integrate info
their keyframes model a time line metaphor so that the user can
match key frames with one another and with other media. This
interface works at key frame level and is not adequate to control
the narrative flow.

3. AN ACTION BASED APPROACH

The animation model described in this paper is a general model
for linear stories, character animations, films, and whatever
performances obtained by generalizing concepis from theatrical
direction.

We have studied and described elsewhere [7] the methodology
followed by directors and playwrights to design the direction of a
theatrical performance. The natural process includes 1.
determining the macro and micro components of the story and
their timing relations; 2. building, testing and evaluating the
individual components of the story; 3. integrating and playing
groups of components to evaluate partial portions of the result.

The process of conceiving and building a story is based on the
development of the simple and composed structures represented
in Figure 1. According to the theatrical tradition the core of the
narration is the action (or shot, in cinema). This concept has been
sometimes discussed also in the computer animation field, mainly
by Pinhanez [8].

In the story model described in this paper the action is the
smallest narrative unit. A scene is a sequence of actions. An
action requires a number of resources (e.g. characters, lights,
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Figure 1. The structure of a story. The action (or shot) is the
core of the narrative flow. The resources assigned to an
action include characters, lights, sounds, voice, ete. One or
more media objects (e.g. a piece of music, a gesture) describe
the behaviour of a resource over time.

music). Media objects are playable entities linked to a resource
such as the movement of a character or a spoken line. They have
their own symbolic description fanguages (e.g. human or lights
movements can be represented by means of symbolic notations,
not to speak of music). The whole scene is potentially
representable on a scene score like a music score.

A natural interface for authoring a story must contain high level
symbols that represent all the concepts and the eutities that
directors and playwrights know. The action and the other elements
of Figure 1 represent the fundamental concepts of the method we
are describing. Instead, traditional animation systems force the
author to think in term of the key frames of a scene or of
individual characters. In such systems animation is a continuous
media, typically a linear sequence of key frames, and authors who
want to work over the story again cannot act on narrative
structures,

4. STRUCTURED ANIMATION MODEL

Several methods to compose media over time have been
developed in the multimedia secior. A popular technique is the
Cast/Score/Scripting paradigm (see for example MacroMind
Director) that let position media objects along a temporal line.
This method, even though is largely used, has some drawbacks
that have been highlighted by Hardman [12]. The traditional
timeline does not represent the siructures that the authors of




niultimedia presentations use during the construction process, but
shows only media objects with respect to output channels.

We extond these consideration to animation. Thus a story is well
represented by a time-hierarchy style that contains high level
narrative elements. A time-hierarchy representation [13] is a
combination of time line specification (Figure 2) and hierarchical
compasition (Figure 3).

Having selected this model we choose the animation technigues
that can be integrated into it. A building block key frame based
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Figure 2. The time line specification of a story. While the left
side shows the resources aflocated, the right side shows the
media objects defined for each resource.

approach fulfils many authoring requirements.

First a discretized animation specification simplifies the
description of complex situations and let think of in term of high
level concepts. Secondly animation capabilities can be extended
by the user without the need of programming. In fact new
animation blocks can be imported from external software or
devices. Thirdly the authoring process is not constrained by the
animation language because the author can create different
languages (i.e. the set of needed animation blocks) for different
stories. Again new movements can be created by combining
existing animation. Finally key frames interpolation techniques
can generate real time animation on PCs and are indicated for
large scale applications.

5. COMPARING ANIMATION
INTERFACES

To allow the animator to think of at the highest level as possible
animation research is exploring a number of high level interfaces
and methods. In this section we discuss some approaches and
compare it with our proposal.

One high level method consists in writing in a text all what an
actor will have to say without explaining its movements explicitly

and leaving to the system the task of extracting them from the
text. For example Kakizaki [9] experiments this method with the
aim of creating TV presenters. But text parsing techniques are not
yet fully reliable with regards to the capacity of inferring correct
behaviours from the i{ext and cannot be used for large scale
applications.

Sannier [2] describes an interface based on pre-defined
movements (body and hands movements) and pre-recorded facial
visemes. It uses key framing and procedural techniques to create
simplified rendering and real time animation (a high quality server
is dedicated to photorealistic rendering). Likewise our approach is
based on a movements database and procedures ad hoc for
locomotion. We use key framing techniques to get real time
rendered animation on PCs as well, But, the animation building
process is different in the two cases. We have adapted key framing
animation techniques to support directing tasks and a multimedia
animation model, whereas Sannier’s approach provides for typical
computer graphics tasks (body control, face control, camera
control).

JackMOO {10] contains a virtual human model with properties
and verbs (intransitive, for the moment). A limitation of this
model is that the vocabulary of the model can be extended by the
programmer and not by the user, We think it is a fundamental goal
to define animation methods that an author can improve,
customise, and extend directly, Qur method based on parametric
movements described by files in an open library lets authors build
their own movement languages by simply creating new files
(maybe using existing tools). Even procedural movements (i.c.
locomotion) can be easily expanded and enriched without
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Figure 3. The hierarchical composition of a story. It contains
composed (normal) and data nodes (bold).

programming because they are created by repetiting step
templates. Different movement’s shapes can be generated from
different step templates introduced into the library.

The animation mode! described here provides an intermediate
animation control level upon and below which other animation
control levels can be implemented and integrated. A higher
interface based on the textual description of a story could generate
the story building blocks to be exccuted by the current system. A
more advanced tool based on signal processing techniques for




manipulating existing motion data [11] could improve the
capabilities of creating new movements. A key frame editor
would provide a low-level method to modify characters
articulations.

6. AUTHORING A LINEAR STORY

The building process is positively influenced by the proposed
hierarchical structure (Figure 3). Authors can go either top-down
or bottom-up, they can insert empty nodes and improve details
later on. Leaf nodes are data nodes and not leaf nodes are
composed nodes that centain either a collection of other
composed nodes or of data nodes. The author can select a
composed or a data node and make cut, copy, and paste
operations or change node properties. Each node has a start time
and a duration.

Compared to other multimedia applications we have introduced
two new data nodes, a human body data node that is needed to
represent 3D characters, and the data node movement that is
needed to represent the elementary movements of a human figure.
The author adds and edits both geometric and movement nodes. A
movement data node may contains complex properties that the
author defines inferactively in the graphic window such as the
locomotion path.

Data nodes refer io media objects that have been assigned to them
and are contained into a file or are created by the user at run-time
(e.g. the recorded voice of the user). A body data node refers to a
VRML file that contains the structured representation of a human
body (the hierarchical structure of a human skeleton, in our
implementation). A movement data node refers to a file info a
movement library that contains parametric key frames. A
parametric movement can be the straightforward representation of
a short and simple key frames sequence (e.g. a gesture), or of a
complex sequence (e.g. a complete dance figure), or generated
procedurally from gait templates (e.g. locomotion).

Traditional multimedia applications data nodes contain data that
are represented directly. In this mode! movement data nodes do
net contain data that flow directly to output. The movements of 2
character are pre-claborated to generate a lower-level continuous
animation stream as described in the section on the character
animation model. All the other data nodes are linked to an output
device that is used by the player to represent them (e.g. an audio
device or a display window for a text, the rendering window for a

geometric object).

The duration of a leaf node is determined by the duration of the
corresponding media object (e.g. a musical piece). For a
movement the duration is a velocity function (e.g. walk from point
A to point B with a certain velocity). The duration of a composed
node may be or net the sum of children durations. For example
the duration of a scene is obtained by summing the durations of its
children (i.e. its actions), but the duration of an action is not given
by the sum of its evenis' duration because they may overlap,

7. CHARACTER ANIMATION MODEL

To describe what a character does during an action, the author
defines a list of independent (maybe overlapping) movements.
The example of Figure 4 contains three movements: walking,
waving and nodding .

The animation generator transforms this user-defined list of
movements (discrete representation} into a low level unstructured

sequence of key frames (continuous representation) for the player.
During this calculation the system generates locomotion sieps
along a path, blends overlapping movements, and inserts postures
in the gap between movements. These operations arc the first step
of a two steps motion synthesis process. The second step is
performed by the player and consists merely of interpolating key
frames and delivering articulation data to the rendering process.

The animation synthesis process is divided in two phases to
reduce the computation load during playback to obtain the
animation in real time on PCs and support multiple character
animation. While pre-elaboration is done quite often — each time
the user edit a movement -, key-frames inbetweening is done only
when a new frame has to be visualized. A cleck controls the
player and, at each time t the player looks for the couple of key
frames (for each actor) that contains t and make the interpolation.
For example, if the author defines the two movements waik and
put hands back, and then wants to change walk for run, the system
immediately mixes rur with put hands back in the final key
frames. Movements® blending is sometimes available in current
animation systems as an off-line process while our model includes
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Figure 4. The character animation medel. The animation
generator process calculates locomotion data and blends
the movements of a character into an unstructured key
frame list. The awthor triggers the animation generator
process when s/he edits a movement. The player
interpolates the characters’ key frames in real time.

it as an on-line process that is re-executed any time the
hierarchical structure is re-interpreted.

The continuous key frame list is the lowest animation
representation level. Traditional animation systems provide this
user level of animation control. Instead our system let authors
reason at a higher level of absiraction. Authors are not aware of
low level data and can only access the structured animation
description. They can edit the propertics of the animation building
blocks or, would they change character behaviour, they can
choose a different movement from the library.




7.1 Motion control levels

Compared with other animation systems this system provide these
motion control levels. At the top level the users can control the
whole siory. They can combine and synchronise both narrative
structures (e.g. scenes, actions) and media objects (e.g. a gesture,
a voice). At the low level the users can add and edit single
parametric media objects and can change their attributes.

There is another level of motion control that is handled
automatically by the system. For example the system is in charge
of blending overlapping motions and of keeping actors on the
stage when they have finished to play something. Compared to the
Preston {13} model (which integrates interactive animation into a
multimedia presentation) where no media effect is imposed in the
gap between two consecutive animation blocks, our system forces
characters to hold their last positions on the stage in the gap
between one movement and the next. In this way authors are not
obliged to define what happen in each moment but can
concentrate on the main movements.

8. MULTIPLE AUTHORING STYLES

The animation model described so far supports alternative
authoring styles which the users can benefit by in various phases
of their work. The supported methods are: 1. authoring by action
and narrative components (layout or script window), 2. authoring
by resources and media objects (score window), 3. authoring by
time and narrative flow {3D graphic window).

The lavout window is a way to create the macro structures of a
story described in Figure 1 and Figure 3, to establish their
inclusive relationships, and most of all it offers a representation by
action, that is a representation that best suits the awthor in the
early phase of a story conception. Initially authors can define only
the order in which actions happen without creating any object.
They can define individual actors” behaviours later on.

The score view (Figure 2) is a way to describe the story depending
on the resources assigned to it (characters, tights, audio, camera).
Besides the score view provides a general view of media
synchronization both within the same resource and between
different resources (e.g. movements between two different
characters). This high level view is not provided by current
animation systems and is a powerful interface for editing. The
action concept is also identifiable on the score as a vertical zone
(see Figure 2).

The graphic or rendering window (Figure 6) offers a synthesis of
the narrative structures and the media defined by the user. The
graphic window lets authors navigate through the story or
visualize a specific point (time) in the narration. The author can
go through the story frame by frame or play a continuous piece of
narration. Looking at the frame corresponding to time t the author
can dwell upon details such as spatial relationships among
characters in that moment. However the author cannot manipulate
neither narrative structures nor animation items through the
graphi¢ window. Data displayed in this window belong to the low
key frame level (continuous media) used by the rendering process.
Some degree of interaction is however possible. Users can select
an object (e.g. a character) with the mouse and move it on the
stage to change the start position of the movement.

8.1 The player

The player controls the clock and provides users with start, stop,
forward, and backward commands. From the author point of view
the player is strictly connected with the score and the rendering
windows. During the play a vertical slider passes over the score
window. Following a forward (backward) command the player
adjusts the time and visualises the corresponding frame in the
graphic window. Selecting a node in the score or layout view does
not cause starting the execution of that node but causes moving
the clock time to the start of the node and refreshing the graphic
window. The frame visualised in the graphic window corresponds
always to the clock time. To start animation the user must send the
play command. Animation starts from the current time, not from
the beginning. Therefore the author can begin visualising
animation from any point.

9. SAMPLE STORIES

We illustrate how the described animation model can be used to
set up few sample actions to represent a theatrical play. In the
traditional method of working the director sketches each aciion by
hand. Two consecutive simple actions named respectively Fulvio
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Figure 5. Sketches for two consecutive actions named
respectively Fulvio monologue and Zara monologue and the
hierarchical representation of the first action.

monologue and Zara monologue are iltustrated in Figure 5. The
drawings reproduce the hand made drawings that the director has
made for us on the paper. The hierarchical model below
represents a subset of the scene and contains the detailed
components of the Fulvio monologue action.




The scene contains a sequence of simple actions based on two
characters, Fulvio and Zara, These actions are rather schematic as
it is often the case with commedia dell’arte. In the first action
named Fulvio monologue, the director wants that Fulvio expresses
his fecling aloud while walking (on the red path). In the meantime
Zara walks silently and thoughifully along the biue path. Both
characters are concerned with their respective lovers. The author
can start building the scene structure using the layout window.

Starting from the act we add a child node of type scene titled

STROPHE 2
8 beats

!

Figure 6. The hand made plan of a complex action (above)
and a frame of its simulated model (beiow). Movements can
be hardly explained through a static deseription (above).

scene of the two lovers. To this node we add two child nodes of
type action named respectively Fulvio monologue and Zara
monologue. To the nede Fulvio monologue we add two child
nodes of type character called Fulvio and Zara. To the node
Fulvio we add a child node of type movement called walk to the
Jrontstage, and another child of type speech. To the node Zara we
add a child node of type movement called walk to the house. The
action Zara monclogue has a similar but symmetric structure:
while Zara is speaking, Fulvio is walking thoughfully. Data nodes
may not include any file initially. Default temporal values will be
assigned to represent empty data boxes on the score and perform
preliminary synchronisation and editing operations.

Authors can select a data node on any view and establish a link
with a data file. If the node is a speech node the author voice can
be recorded directly. If the node is a movement node then a
movement file has to be selected in the library, In case of walking
(like in this example), the user chooses a file that contains step
properties that fit application requirements (e.g. the step length).
Then a trajectory must be drawn on the floor in the rendering
window and the system will replicate the chosen step on this path.
The user can then modify some parameters like velocity, duration,
or the path itself. To walk straight (ahead or backward) the
number of steps only has to be specified. If many paths for a lot of
figures are to be defined it is very important that many different
techniques to draw trajectories are available. For example it would
be very useful fo let the system establish the path and the number
of steps once the author has provided the arrival point. For the
moment our prototype contains only one path editor technique.

The more complex the scene, the simpler the user’s work is. Let
us describe an action containing 14 characters (Figure 6). The
characters are split into three groups. Fach group has to move
synchronised with a sound track. The plan above in Figure 6
represents the preliminary study for this action. As you see it is
difficult to explain a dynamic situation through static lines. The
construction of the animation includes these steps. First we define
a scene node named farewell scene and then we add a child node
of type action called action of the plait. To the action node we add
14 child nodes of type character called respectively
Charl ...Char6, CharA...CharD, and CharE...CharH, and a child
of type music calied sound track. To the node Char! we add a
child movement called walk fo Char6. We add a similar walking
node to each other character. The author will draw the curved path
that each character has io follow so that they make a sort of plait.
Concerning the other two groups they have to go forth and back
as indicated by the arrows. For example to the node CharE we
add a child movement named walk ahead #1 and another child
movement named walk ahead #2. To define these movements the
author specify the file corresponding to the desired step length
and the number of steps to make. The duration of each movement
(4 beats) and the pauses between movements is adjusted on the
score by moving, lengthening, or shortening movement’s boxes.

10. CONCLUSION

We have presented an authoring method for multimedia character
animation that contains a structured animation model suited to
build and edit linear stories. As far as the authors of this paper
know there is no an animation system structured in the same way.
This method simplifies and speeds up designing characters stories.
Large-scale applications and non-expert animation authors get
benefits from this approach. It supports prototyping and follow-up
editing. Once animation is built authors can still manipulate and
modify the narrative structures they had used to build it. It fosters
re-using and adapting animation databases whose production has
been greaily enhanced by recent improvements of motion capture
techniques.

The proposed method is particularly useful to plan stories
containing a lot of characters. To this purpose further
improvements are required. For example sets of actors performing
the same movements after a leader may be completely
automatized; a variety of methods to specify spatial trajectories
can be defined to fulfil different application needs.
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