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Abstract 

In this work the problem of synthesizing an animation is 
reg‘arded as a plam1ing problem, and the result is an ,anima- 
lion planner that, startin:: fro1n a visualization goal, plans a 
scrip1 for an animation including all low-level camera and 
object motions. The syste1n takes all decisions about 
camera positions, zooms, 1noves and cuts considering the 
actual context as well as some fundamental filmm,aking 
rules. The script is then realized by a given animation sys- 
tem which computes the single frames and does the play- 
back. 
BETI‘Y is part of the multi1noclal user interface WIP, that 
investigates the plan-based automatic ~eueration of multi- 
modal operation instructions for technical devices. 
Prcscntly, BETTY is able to compute animations to 
dcmonstratc movements, to localize parts of a device and 

to explode assemblies. 

Animation in Multimodal Documents 

The project WIP (Knowledge-based Presentation of 
Iufonnalion [Wa92, Wa93]), it1 which this work was done, 
iuvestigates the coordinated presentation of iufocmation in 
several presentation [nodes al a lime under given restric- 
tions and circmnstances (presentation mcdiurn, user mcxlel, 
restricted resources). The WIP syste1n generates multi- 
modal opcralion instructions for technical devices from 
~~eometric 1nodels and symbolic representations of these 
devices and the operations that cm bc performed with 
them. 
BETTY is the component that dcsigus and generates the 
output in the anirnalion mode. A global presentation plan- 
ner selects releva111 information, part of which is allocated 
to BETTY whenever it should be conveyed via animated 
prcscntations. 

permission to copy without fee all or part of this mateGal is 
granted provided that the copies are not made or dlstnbuted for 
direct commercial advantage, the ACM copyright notice and the 
title of the publication and its date appear, and notice iS given 
that copying is by permission of the Association of ~OmpUlW 
Machinery. To copy otherwise, or to republish, requires a fee 
and/or specific permission. 
AVI 94- 6/94 Bari Italy 
0 1994 ACM O-89791-733-2/94/001 0..$3.50 

The content realization is done by the ani1nation 
component including scriptin s, camera motions, cutting, 
computation of the single frames and playback at 
presentation time. 
In the following, I would like to restrict the term “anima- 
tion” which initially includes every kind of animated 
graphics on a screen to the special case of animated 
graphics of threedimensional objects. 

Why Animation? 

The presentation of information as an animation has two 
obvious advantaacs: One is that it is possible to show the 
dimension “time” immediately, for ex‘ample a duration or 
succession. Temporal eveuts can be presented without 
metagraphics directly as they happen in reality. Using a 
text, it is also possible to express the dimension lime in a 
certain way, but the clearness and shortness of a visual 
presentation is far more direct tiian the description of some 
tclnporal information by rmtural language. In static 
graphics temporal statements can ouly be made by meta- 
Sraphical elements such as nurnbcrs or iconized clocks or 
in the form of picture sequences. 
The second advantage is, that in an animation it is much 
easier to (virtually) cross the border to the third spatial di- 
mension (which the screcu naturally can’t really show). 
Static graphics can only use the 1neans of perspective ‘and 
pro.jection for this purpose. 
The human visual systc1n products the threedimensional 
imagination of objects in the world by viewing it from dif- 
ferent positions. Now a static graph can only show one as- 
pact of an object in contrast to an aui1natio11, in which the 
c<amera can be moved around the object. (7hanging the po- 
sition of the camera makes 3D objects beco1ne plastic. 
This allows the visualization of spatial relations of objects 
to one another in the 3D world preclutlin~ a single 2D 
projection’s or a natural language presentation’s detour and 
loss of i1ifo1niatio1i. 
Finally, move1nents of objects are nowhere else as easy to 
show as in animated graphics, so literally, the best way to 
show a motion in a picture sce1ns to be a Inotion piclurc... 
All these arc good reiisous to further investigate the auto- 
1natic generation of ani1nations, to attempt to solve the 
tasks of scripting, filming, culling and to explore the se- 

53 



mantics of the elements of filmmaking. The recent work 
done by [BWOO, KF90] also shows the growiug imerest in 
this topic. 

The BETTY System 
When a multimodal document is planned by the WIP 
system, a superordinate presentation planning component 
selects the information lo bc communicated and allocates it 
to the respective design and realization components. The 
results of these mode-specific generators are then coordi- 
nated by a layout component on the output medium such 
as a screen or printer (see Fig. 1). 
-- 
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Fig. 1: Simplified architecture of the WIP System 

The problem of designing an animation can be considered 
as a planning problem and the input of the animation de- 
sign component amounts to visualization goals that specify 
the contents to be transmitted in the sequence, as well as 
some generation parameters. Such visualization goals are 
for example the localization of a certain part of a device. 
The animation sequence then has the task of showing the 
user where this part is located. Other goals are the demon- 
stration of movements of objects or the visualization of the 
construction of assemblies. 
This latter one can be done by animating an explosion of 
the complex object showing the single parts moving away 
from each other and allowing the user to see objects that 
were previously hidden. 
On the output side of the design component the whole 
animation has to be described in such a way thal all the 
object and cLamera positions and motions are fixed at every 
time in the sequence. This script, containing the complete 
temporal and geometric information, can easily be realized 
by a given animation system, such as Soft-Image or S- 
Dynamics. 
The knowledge that is needed for this design process is 
extracted in different ways: The wire frame models of the 
objects to be animated are stored in a CAD System, which 
implies that they can be accessed unconditionally in com- 
puter aided construction processes. The knowledge of 
logical structure of the devices like the part-of hierarchy or 
the “side information” (which side is the front side?) is 

stored in symbolic form and it is also used for the gcnera- 
tion of .language and static graphics. 
The represeutation of the object. movements is the same as 
that used in WlP for the design of static graphics ldcpicting 
movements. Arrows, ghost images and animation se- 
quences describing the same movement arc generated from 
the same internal representation (see also [SK93.]). 
Finally, the knowledge of filmmaking is encoded in the 
decomposition rules of the planning component and is 
comple.tely independent from the objects or domains. The 
formulation of these rules was mainly based on common 
design priuciples ([Ma75]), the allentive study of TV arid 
cinema films and the stepwise experimental refinement. In 
addition, [KF90] state some principles and fundamental 
issues for camera positions and movements, that :scrve as a 
good guideline. 

The planning process 

BETTY’s design component plans a script for an ;animation 
that satisfies the visualization goals submitted to it by ex- 
pressing the contents specified by the presentation planner. 
The specification of such a script can be done at different 
levels of abstraction, wherein the abstraction hiemrchy 
stated :in [2190] yields a good starting point: 
The uppermost layer is the descriptiou of the task of an 
animation (task level), which is described by the vismaliza- 
tion goal. This task is perfonncd by applying various 
filmmaking techniques that fulfil certain purposes and 
functions (functional level). The techniques them selves are 
realized by certain basic procedures such as moves, zooms 
or cuts, which build the procedural level. Finally, on the 
bottom end, all movements of camera and objects have to 
be described explicitly to the machine (machine level) 
which is a sad reality for human animalion designers with 
many commercial animation systems. 
From this abstraction hierarchy, it becomes obvious that 
the whole script can be described in a hierarchical manner 
as a tree or any other nested structure. A sequence consists 
of several subsequeuces which can be parallel or sequential 
in time. As an example, a sequence showing a movement 
of an object always has to consist of at least two parallel 
subsequences, one describing the camera posibons, and 
one describing the object motion. The leaves of this 
subsequence-tree are basic movements of objects or the 
camera at certain times along certin axes or trajectories. 
From this data structure we cau immediately derive an al- 
gorithm to create a script: the top-level visualization goal 
(task level) can be decomposed into several subgoals by 
decomposition rules. These subgoals (functional and 
procedural level), either parallel or sequential in time, are 
decomposed again by other rules until there are only 
elementary actions left. These actions can be translated 
into elementary movements at the machine level, which 
build up the whole script when we go back in the tree. An 
example of this kind of decomposition rule (:in a LISP- 
oriented Syntax) is the following: 



(anim-rule move-view-to-object (part time) 
: PARALLEL 
(move-cam-to-object part time) 
(move-aim-to-object part time) 
(keep-view-angle time)) 

This simple algorithm already serves as a good starting 
point, but often leads to redundant scenes and useless mo- 
tions. The same goal can imply different subgoals in dif- 
ferent situations that we can see from a simple example: If 
we want a zoom into a part on the front side of a device 
and the camera finds itself al the back side, there has to be 
a cut or even better, a move around the object just to make 
the part visible in the viewport before the zoom can be per- 
formed. On the other hand, when the camera is already in 
front of the object, another nave or cut would be useless 
or even totally invisible, resulting in a waste of time in 
moving from point A to A. 
So, the system h‘as to maintain some concept of its actual 
state, i.e. the position of the camera and the involved ob- 
jects not only in terms of absolute coordinates, but also in 
symbolic form. Such a symbolic context allows the planner 
to split a certain goal into different subgoals in different 
situations and what we only have to do is specify the de- 
composition rules in a suitable manner in order to adapt 
the results to the single situations. A conditional decompo- 
sition is specified as follows: 

(anim-rule show-object-motion (part motion time) 
:COND 
((and (camera cam-pos part) 

(camera aim-pos part) 
(camera viewangle-for part)) 

(show-motion-cond-I part motion time)) 
((and (camera cam-pos part) 

(camera aim-pos part)) 
(show-motion-cond-2 part motion time)) 

0 
(show-motion-cond-3 part motion time))) 

Depending on certain conditions of context (like camera 
position, aimpoint or viewangle), one subsequence is then 
selected in the example above. 

e I-- -- 

Fig.2: Three kinds of decomposition and their effects in 
the script 

The decomposition of a goal into several subgoals can be 
specified by a decomposition rule as either parallel or se- 
quential in time or as a conditional decomposition that se- 
lccts one subgoal out of several depending on the aclual 
context. These three concepts and their effects in the 
planrled script are visualized again in Fig. 2. 
At the bottom end of the hierarchy, the planner finally has 
to specify exact camera positions in terms of coordinates in 
the CAD system. These computations are done by a com- 
ponent for the choice of perspectives that is also used for 
the generation of static graphics and which is described in 
more detail in [AR90]. The motions that constitute the ex- 
plosion of an object group lare computed by the same com- 
ponent that creates the explosions in static graphics in WIP 
(see [SK913). By using these components for the choice of 
perspectives and the computation of trajectories, that are 
‘already used in other parts of the same system, the overall 
amount of code and data is largely reduced resulting in a 
better system perform‘ance and shorter development times 
as well as in visually consistent presentations. 
Furthermore, the absolute object and camera positions are 
held up to date in the CAD System during the planning 
process, so that there is always a link between the sym- 
bolic represented situation and the absolute coordinates. 
With this procedure the same visualization goal can be 
transformed into completely different animations by the 
same set of decomposition rules depending on the aclual 
contexts in which the planning takes place. A fitting 
example is presented in the two following figures, that 
show the tree structures of different decompositions of the 
same subgoal in different contexts. In both cases the task 
of the animation is to show within 4 seconds how to turn 
right knob-3. 
In the first situation, the camera is at the wrong side of the 
scene, so that there has to be a cut (i.e. a move in time 0) to 
a suitable position before the movement of knob-3 can be 
shown. After the cut a short still shot is inserted to avoid 
confusion about the new camera position. 

In the second situation, the camera is already in a fitting 
position, so that the demonstration of the movement can 
immediately take place. 
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Hove-object knob-3 

turn-right tims:l.O 

Hold-camera-at-position 

time:4.0 

Parallel 
Hold-aim-at-position 

time:4.0 

Another itnportant feature of this method is the following: 
If we want one animation to fulfil several visualization 
goals sttbsequently, then these goals don’t have to be all 
known at the beginning. The systetn appends a new se- 
quence to an existing animation considering Ihe cotuext re- 
sulting frotn the satisfaction of the earlier visualization 
goals. Thereby we get a single atiitnation including several 
actions or statements whose flow is not disturbed or 
ittrerrupted. Furthermore, this method tnakes lhe system 
work incrementally, which means that plamting attd pre- 
sentation titne can overlap. This is especially necessary if 
we want a close-to-real-time document generation with Ihe 
ability to react to feedback frotn the viewer (see also 
[PPP]). 
Like in the ESPLANADE Systetn described in [KFO3] the 
planning approach taken here is a hierarchical one. but 
takittg a closer look, there are important differences 
between the two systems. While ESPLANADE first 
decomposes an attimation into several sequences, then all 
these sequences into scenes and finally all scents into 
shots (breadth-first), the BE~‘I’Y System works depth-fist. 
Tlte advantage of this approach is that all the details from 
earlier shots are known when a new shot is planned, which 
allows the systetn a strong lookback, but no lookahead (in 
contrast to ESPLANADE where Ihere is bolh lookahead 
and lookback, but only to the actual level of detail (and the 
levels above). 

The Realization 

To make the system adaptable to different anitnation sys- 
tems, we have developed an application-ittdepcndent de- 
scription language for scripts at Uic output side of the de- 
sigtt component. Descriptions in this language, that ittcludc 
all low-level information as well, cat1 be translated by 
different backends to the specific data structures of the re- 
spective animation systetn. These backettds also provide 
some means to extract geometrical data from the animation 
system and to control the cotnputation and the playback of 
single frames. 
This has the advantage that the desigtt process is indcpeu- 
dent from the specific output program, as long as this pro- 
gratn at least follows the camera-paradigm. Since the 
backend strictly separates the design and the realization 
components, these processes can even run on different 
tnachittes allowittg us to use specialized hardw,are for the 
s‘ake of higher perfortnauce. 
The animation planner itself is even able to work in real 
time in a certain sense because the script is generated in an 
incremental way and the computation titnes are very 

moderate. What takes titne is the cotnputation of the 
images, rendering, raytracing and so on, but, if one is 
willing to accept simple wire-frame output, the component 
cau work very closely to real time. 
This opens the perspective to use it in olher domains such 
‘as technical control units where the presentation of com- 
plex da.ta in cotnpact form is a difficult task. The overall 
architecture of the BE’ITY Systetn is shown again in Fig.3: 

Betty 
, 

Animations Planner 

Backend 

S-Geometry a3 

:i S-Dynamics 

Fig. 3: Architecture of the BEITY Systetn 

The Demonstration Environment 

For the documenlation and testing of the system an intcrac- 
rive presentation environtnent exists, although the compo- 
nent itself is not intended to work interactively (not to con- 
fuse with the fact that it produces presentations that require 
an interactive medium...). In this testbed, it is possible to 
specify visualization goals via menus and to immediately 
see the results of the planning process as well, in Uie form 
of tree structures as in the form of ready-tnade animations. 
The effects of changing the set of decotnposition rules can 
be investigated imtncdiately and the refinement of these 
rules (by trial and error) is suongly simplified. 
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Figures 4 and S show snapshots from two animations 
generatctl by the system. In Figure 4 the input visualization 
SOiIl is to show the movement of tking away the cup from 
aI1 espresso InilchiIle. The stationary camera zooms in on 
the cup which is placed on the machine table, the cup starts 
lo move, then, after a while the c‘amera sways a littlc Lo 
ccntcr the cup in the image aud then escorts it as it moves 
further away. 

So, through this aIrangeIneIit. we managed to see that only 
the cup is moving, not the machine (train window effect); 
and by escorting the cup at a later stage we didn’t lose it 
out of the picture, even though we were close up. 
In Figure S there arc two input visualization goals: the first 
one is to explode the front right wheel group of the 
lawnmower, while the second goat is the locaization of a 
detail in the wheel group. 

Fig. 4: Snapshots from an animation showing an object movement 

Conclusions and Future Work 

The approach taken in the BETTY systcIn leads to 
expressive infonnative animation sequences that clearly 
communicate the intended information. With a look to in- 
teractive multimodal presentations (lPPP]) the plamiing 
component was designed to work closely to real time. 
Furthermore, the generation speed of the whole animation 
component depends mainly on the iInage computations of 
the respective graphics system. 
The animations generated so far, only include the 3D 
models of the involved objects. but as with slatic graphics 
one c;ui also think of the use of Inctagraphical elements in 

animations. For example a symbolized hand could move a 
part instcad of leting it move by itself. One can even con- 
template annotations that appear in the running animation. 
Another interesting feature would be to animate actions 
that have no direct geometrical appearance in the 3D 
model, such as heat or sound. 
They could be symbolized again by metagraphical ele- 

ments like symbolized sotmd waves or changing colours of 
a part: A tube that gets hot could turn red, a cold one blue 
and so on. All these ideas have to be relined and tested in 
the future. Additionally a more sophisticated approach to 
the choice of light settings is necessary for the generation 
of rendered 3D animations. The choice and guidance of 
light sources seems to be at least as important in the 
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generation of these animations ils the choice of camera po- the same way as the motions of the “main actors”. and the 
sitions md settings. change of the colour 0T an object is from a conceptual 
But all these features still seem to fiit into the existing con- point of view not much different from the change of its 
cept of the BE?‘TY system since the decomposition rules posi lion. 
describing camera motions can include descriptions of Finally, tbe layout problems in the temporal dimension 
light positions as well. The motions of meragraphical 3D have to be dealt with and the animation component has to 
objects such as hands or sound waves can be described in prove its power and usefulness in practical apT>licarion. 

rrrr rr Irr 

Fig. 5: Explosion of an assembly and Localization of a part 
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