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Graphik und Kommunikation

* Eine ,Grammatik™ fur Diagramme
—Syntax
—Semantik

* Rhetoric Structure Theory

—Grundidee
—Anwendung auf multimediale Prasentationen

* Generisches Modell eines SG systems

* Praktisches Beispiel: Generierung von 3D-
Animationen

» Dabel insbesondere: hierarchische Planung
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Eine Grammatik fur Diagramme: APT
[Mackinlay 1986]
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Ausgangsdaten

Price(Accord ,5799) Price(ANC Pacer ,4749)
Mileage(Accord,25) Muileage(ANC Pacer,17)
Weight(Accord,2240) Weight(AMC Pacer,b3350)
Repair{Accord,Great) Repair(ANC Pacer,Terrible)
Nation(Accord,Germany) Nation(AMC Pacer , USA)
Price(Audi 5000,9690)  Price(BMV 320i,9735)

Figure 2: Relation Tuples About 1979 Automobiles. This 1s an ezample of a table of relation tuples
that might be generated by a database system in response to a query. A presentation tool can do much better
than this.

Price : Cars — [3500,13000]

Mileage : Cars — [10,40]

Weight : Cars — [1500,5000)

Repair: Cars — (Great,Good, OK, Bad, Terrible)
Nation : Cars — {USA,Germany, France, -}

Cars = {Accord, AMC Pacer, Audi 5000, BNV 3204,---}

Figure 3: Structural Properties of the Automobile Relations. The arrow(—) indicates a functional
dependency between domain sets. The square brackets ([]) describe domain sets that are quantitative ranges,
the angle brackets (()) describe domain sets that are ordered sets, and the curly braces ({ }) describe domain
sets that are unordered sets.
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Diagramme als visuelle Sprache

» Graphische Elemente (Punkte, Linien, ..) sind die ,Worte"

* Mehrere Elemente werden zu ,Satzen” kombiniert
(Syntax)

» Worte und Satze haben Bedeutungen (Semantik)

 Visualisierung = Generierung eines Satzes, der genau die
beabsichtigten Inhalte ausdruckt

A set of facts is ezxpressible in a language if it contains a sentence that:
1) encodes all the facts in the set and

2) encodes only the facts in the set.
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Formale Beschreibung eines Diagrams

Encodes( VertAzis, [3500, 130C0], ScatterPlot)

Encodes( HorzAzis,[10, 40], ScatterPlot)

Encodes(Points, Cars, ScatterPlot)

Encodes( Position( Points, VertAzis), Price(Cars), ScatterPlot)
Encodes( Position( Points, HorzAzis), Mileage( Cars), ScatterPlot)

Figure 4: The Graphical Design for a Scatter Plot of the Price/Mileage Input. The Encodes
relation indicates the relationship between graphical objects or properties and the information encoded. For
example, the first line says that the vertical aris encodes the range of prices, and the fourth line says that
the position of the points on the vertical aris encodes the prices of cars. The input relations are written as
functions to simplify the description.

Car price for 1979

Figure 9: The Horizontal Position Sentence of the Price Relation.
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Zugehorige graphische Ausgabe

Price
135004

110004
85004

60004 R

+
+ 4+ +
++ 4 b .
35001_——'——-_—-1_.— M||eage
0 20 30 40

4
Car price for 1979

Car mileage for 1979

B e e e
apt

Figure 5: Scatter Plot of the Price/Mileage Input. The graphical design for this image ts in Figure 4.
The design ezpresses the relations only if the application permits the details about the cars to be omitted.
The “apt” in the lower right cocrner indicates that APT designed and rendered this diagram.
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Alternative graphische Umsetzung

Car

Accord
AMC Pacer
Audi 5000
BMW 320i
Champ
Chev Nova
Civic
Datsun 210
Datsun 810
Deville

Le Car

Linc Cont
Horizon
Mustang
Peugeot
Saab 900
Subaru
Volvo 260
VW Dasher

10 20 30 40 3500 6000 8500 11000 13500
Mileage Price

Car mileage for 1979 Car price for 1979

apt

Figure 7: Aligned Bar Chart for the Price/Mileage Input. This diagram shows the detailed properties
of the cars better than a scatter plot. However, the general relationships are not as easy to see.
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Gegenbeispiel

Car

Accord
AMC Pacer
Audi 5000
BMW 320i
Champ
Chev Nova
Civic
Datsun 210
Datsun 810
Deville

Le Car

Linc Cont
Horizon
Mustang
Peugeot
Saab 900
Subaru
Volvo 260
VW Dasher

USA Japan Germany France Sweden  Nation
Car nationality for 1979

apt

Figure 11: Incorrect Use of a Bar Chart for the Nation Relation. The lengths of the bars suggest

an ordering on the vertical azis, as if the USA cars were longer or better than the other cars, which is not
true for the Nation relation.
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Rhetoric Structure Theory [Mann & Thompson, 1988]

* Beschreibung der hierarchischen Struktur eines
Textes

» Unterteilung des Textes in logische Einheiten, z.B.
Tellsatze

» Relationen zwischen diesen Einheiten
—Nukleus — Relation — Satellit
* Insgesamt 23 Relationen
—Preparation, elaboration, background, purpose,...
» Schemata fur typische Kombinationen

» Fast jeder Text kann durch einen RST-Baum
beschrieben werden
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RST - Beispiel

1-9
FPreparation
— — -
1) Title: 2-9
Bouguets in & Background
hasket - with s
living flowers 2-4 5-9
Elaboration
2) Thereis a 3-4 b) To create 6-9
gardening Elaboration YOour own Elaboratimaboration
revolution going "ictarian" — ——
on. J) People are 4) mixing many bouguet of b) choose /) Plants that 8-9
planting flower types in one flowers, varying shapes,  grow tall should Elaboration
baskets with container for a sizes and forms,  be surrounded
living plants, full summer of besides a by smallerones  8) Leaftextures  9) There is the
floral beauty. variety of and filled with and colors will silver-white
complementary others that also be foliage of dusty
colors. tumble over the important. miller, the
side ofa feathery threads
hanging basket. of lotus vine

floating down
from abowve, the
deep greens, or
chartreuse, even
the widely varied
foliage colors of
the coleus.
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RST Multimedia Planung in WIP
[Andre & Rist 1997]

* Verallgemeinerung von RST auf
Multimediale Inhalte

—Text, Bilder, Animationen, (Zeigegesten)

* Planung multimedialer Dokumente als
hierarchischer Planungsprozess
—Beginne mit der Wurzel des RST-Baumes
—Unterteile in logische Einheiten
—Lege Medium fur jede Einheit fest
—Generiere jewellige Einheit (Text, Bild, Animation)
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WIP Architektur

\

e Presentation Goal Generation Parameters

Installation

Receiving data
[] Sending data
[ Changing Baud rate
[l Describe Components

V.

Intellimedia Presentation System

Language: MEnglish [1German
User Profile: (Expert ®Nowice
Media

Preferences:X®{None []Graphics
OText [JAnimation

WIP
Graphics Text/Speech Animation
Generator Generator(s) Generator

Layout/Display Management
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WIP Generierungsbeispiel
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Some typical elements of SG systems

» Strong simplification and generalization
» Often only some elements present

~— T
~_

Design
knowledge

~

Display

~—
~

Domain
knowledge

~

¥//

User model,
Preferences
w
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Concrete example: filmmaking

e Task: create a 3D animation for the
explanation of a technical device

» Starting point: communicative goal
—Example: show where the switch X is

* Intended result: 3D animation
—E.g., showing where switch X is

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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= CATHI_V.1.5 |25l
Animate | Reset | Edit | Options | Domain | Grammar | Save | Goals | ﬂ‘
(ctg::localize-object :object :cylinder-group :duration 10) \
:
Generation Techniques llumination Output Shading mnrde
W Incremental W Color effects W DefaultiNo lights W Viewangle -~ Photorez
| Adaptive N Opacity effects | ht W Focus distance . Phong+C
_| System trace A ' ? J It lig J Le ul .~ Phong st
W Save ASCIH -1 Depth of fiel - Dist ‘ W Obj. opaci & Hat shac
W Save GCL N Abstraction J bient ligl LI lor . Wirefraw
_| Save Keyframes _| Explosion |
| ™ Relative motions | Metagraphics M Dyn. Objects 1y
= Script statistics [o2]al
Presentation time /
Generation time /
Script time
==z Script_Editor_V.2.3
.| Edit | Save | level: 5 |
————— :
(ctg:localize ko r-c - col | col col \ col col | col e
Elementary se od 1 | ™ — | Koo t-c co  col | col | col l col = col —
| Script leng i — _
| = < 1= . k-f — = B\ kig k-f
f-c
vis | lod § vis | tlod J— 25l
| k-v K-v e k-v

LMU Muanchen — Medieninformatik — Butz — Smart Graphics — WS2010/11 17



Concrete example: filmmaking

* Example system CATHI Butz, 97]

|

~— T
~_

Rules of

filmmaking
w
Display
— T
\_/
Geometry of
objects and
actions
w
\_//
User
preferences
\_//
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Knowledge representation

* Representations can only capture part of the reality
— Which aspects do we need to model?
— At which level of detail do we need to model them?
— Do we need qualitative or quantitative knowledge?
— How do we want to process the knowledge?

 Different kinds of knowledge must be represented
— Domain knowledge
— Design knowledge
— Knowledge about the user

— T~
e L

Domain Design
User model,
knowledge knowledge
Preferences

¥/¥/¥/
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Domain Knowledge

* Knowl. about things in the problem domain, e.g.,

—Road network in a geographic database
—Personal picture or music collection with metadata

—Text and picture blocks for a magazine page

» Exchangeable if clearly separated from the rest
—E.qg., visualizations of different music collections

—Route instructions in different cities

Lete Bewbeten Deuerung Yeuel Erwelert Tunes -l
I — " Q @)
Saaten (barsctht
------- Mere Werturg

™ Al Mozd
Ragras Fadom (ve M*vw
¥ Age Tree « 05 Saduim Uve ihvw
//—\ B orsen | ‘ ¥ Yers 5 yha a Bacom Live v
& Pty Mheban ¥ Sexdwy 418 Endoh Bady Eaduom Lve Er'vm
Rado ¥ Booge NohEa Al Ngre G20 Erytah Bedu Backuom Uve e c

w G Mo ¥ Conpnt 658 Erytah Baa Bacduam Lve v
0 Moo - o Say 450 Drydah Bed Baduom Uve e

- ¥ Nz Lfstrme [Interice 1230 Erytah Bacd Facdom (ve

Tywore 41 Ervioh B fadaom Uve

Domain
knowledge

¥ _AC0n 22 Erytah Bady Mara's Gun Neoo-Sod, R0
¥ Cevn 147 Ervdah Ba Mava's Gun NSl Rp8
¥ Mey Sugeh 053 Erytah Bacd Mara's Gn Neo-Soud, BB .
w 3 4 -
BN EIC=TR . 5700 Tek, 17,2 Tagn, 35,9 @ e, s |

-----
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Domain Knowledge

* In the filmmaking example:
—Geometries of objects + bounding boxes
—Surfaces/colors of objects
—Object groups and hierarchy
—Preferred viewing directions of objects/groups
—Trajectories of movements

~

Domain
knowledge

~
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Design Knowledge

* Knowledge how to structure graph. presentations, e.qg.,
— Rules of grid-based layout
— Rules about the composition of an image
— Rules about the composition of diagrams

* In the filmmaking example:
— Formal ,grammar® of the film language
— Rules about temporal and spatial compositions of shots

* Must be formal enough to be used by a machine!

* When exchanged, changes visual style

T (0,0)
\_// 1 3

1 MName: (1,0) (1, 1)

DeSIQn 3 Company:
knowledge (2, 1)

~
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Example from CATHI:
a formal grammar of the film language

* Rules for decomposing sequences into
subseqguences

 Reusable in different situations
* Querying calculations in the 3D model

* Detalls later

\

|
|
]
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User model / preferences

* Knowledge about the user

—Properties, such as level of expertise
—Preferences, given implicitly or explicitly

—Current context of the user

—Also: capabilities of the output medium

 Examples
—Previously bought items
—Personal viewing preferences
—Current resolution of the

—
w

User model,
Preferences
w

. The Moclls Orgard... Mot ressrvatons Latect Dukde h LEO Ergiehr-Gorman, . Rado Prwce > T

amazonde

Reostelinummar

Bestelinummuer

Artikel wurden versand® am 15 Nov 2005:

1 Exemplar(e) von: Dolom

2108 x|
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User preferences in CATHI

Generation Techniques lllumination Output Shading mode
¥ Incremental W Color effects W Default/No lights W Viewangle ..~ Photorealistic
_| Adaptive W Opacity effects | ¥ Focus distance - Phong+Opacity
_| System trace | 5 | .~ Phong shading
w Save ASCII | ¢ Hat shading
W Save GCL W Abstraction | « Wireframes
_| Save Keyframes _| Explosion A
¥ Relative motions _| Metagraphics % Dyn. Objects
Stylistic preferences Graphical capabilities of

of the user the user's machine

(back in 19971)
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Reasoning

 Algorithms for:
—Further refining the domain knowledge
—Application of design knowledge

» Output of the reasoning process:

—Complete structural description of the presentation

 Examples:
—Route calculation on a road network
—Layout of labels in a map
—Layout of text blocks on a page
—Specification of diagram elements

» Often the core of a SG system

Reasoning,
Planning,
Inferencing,
Optimization,

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Example: animation scripts

1 l — |\ | A
e R — 1 /) C—
1]

1L

ENENEE
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Parallel Decomposition

steady-shot (defrule steady-shot (duration)

(parallel
(keep-camera duration)

(keep-viewangle duration)))

keep-viewang.

t——)

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Sequential Decomposition

(defrule blink-object (object duration)

_ , (sequential
blink-object (invisible object (* 0.25 duration))

| (visible object (* 0.25 duration))
- . . _ (invisible object (* 0.25 duration))
nv. | vis. | inv. | vis. | (visible object (* 0.25 duration))))
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Incremental Decomposition

(defrule localize-object (object duration)
(incremental
(steady-shot (* 0.2 duration))
(zoom-in object (* 0.4 duration))
(blinking-shot object (* 0.4 duration))))

localize-object

_

steady-shot blinking-shot

t

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Why incremental generation?

Display

Script generation
Display

Script generation Display
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Current generation context

@ Camera position &
> | and settings S

1] | Base lighting

(] | Effect lights
AN
/N
Timing of the _ -
= (ca) generation and Object positions
[ ] presentation and properties
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Conditional Decomposition

(defrule highlight-object (object duration)
(if (feature color)
(blink-object-color object duration)
(blink-object-opacity object duration)))

highlight-object

blink-object-color blink-object-opacity

t—> t—)
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Translation of elementary sequences

(defrule adjust-viewangle (from to duration)
“(:adjust-viewangle
:from ,from :to ,to
:duration ,duration))

adjust-viewangle

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Generierung eines Skripts

localize-object

keep-camera keep-camera
keep-viewang. Zzoom-viewangle

~

keep-viewangle
K-V

k- | keep-camera | keep-camera |
I

zoom-viewangle Voo v

blinking-shot

keep-camera
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Animation scripts in CATHI

Edit | Save | level: 5 | T | Close

keep camera rotate camera color color color color color Ko Carrars
level of detail level of detail level of detail ' [ ' '
transiate camera color color color color | color |

keep focus keep camera keep focus
focus camera
level of detail level of detail keep focus
keep viewangle keep viewangle
¥ ' Koop Ve awe keep viewangle P 9
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Geometrical calculations

 Calculations in the 3D model
— Camera positions
—QObject positions and movements
—Obstructing objects
—EXxploded views
—Metagraphical arrows

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Computing camera positions

right

Intended viewing direction:
(front, front, left, up)

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Finding obstructing objects
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Positioning metagraphical arrows

/| '\
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Rendering

* Turn structural description into actual graphics

* Rule: no presentation without representation!
—Structure of the output is internally represented
—Each pixel has a "Meaning”

—Presentation structure follows logical structure
—User interactions can easily be interpreted

» Can be exchangeable for different output media
» Can be quite powerful

—See NPR techniques

Rendering,
Output,
Presentation,
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Rendering in CATHI

* Translation of animation scripts into
different animation languages

* Real time output to Geomview
— Just shaded polygons
— Ambient, distant and point lights
— Fast rendering enables AFL

« Batch output to Renderman
— Textures and materials
— Spot lights
— Depth of field
— Nice transparency

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Reflection

* Analysis of the generated presentation
— Either on the structure level
— Or after rendering

* Influence back on the reasoning process
* Anticipation Feedback Loop (AFL)

« Can find errors in output
» Self-monitoring

* Very natural for humans
— Bike riding
— Speaking
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Example: Reflection on a structure level

Presentation time

» Temporal adaptivity of o e
CATHI's generation
process

* Choose simpler
decomposition if time is W &
S Ca rce (ct;;::localize -object :object :swiss-knife :duration 10)

Elementary sequences: 80, Increments: 22, Recursion depth: 4
Script length: 10.0 s, Generation time: 3.421 s

Presentation time
Generation time
Script time

Presentation time
Generation time
Script time

{(cty:docalize -object :object :swiss-knife :duration 2) (ctg:localize -object :object :swiss-knife :duration 2)
Elementary sequences: 80, Increments: 22, Recursion depth: 4 Elementary sequences: 32, Increments: 10, Recursion depth: 4
Script length: 2.0 s, Generation time: 3.187 s Script length: 2.0 s, Generation ime: 1.412 s
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Example: Reflection after rendering

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11

45



In- and Output

» Output can be just graphical or coordinated with

other media
—Coordination by ,higher authority”

—Integration of other media in the planning process

 |nput can be explicit or implicit
—Checking boxes, setting user profile
—Previous interactions with the system
—Learned profile

* In CATHI: just checkboxes

Display

iInput

LMU Minchen — Medieninformatik — Butz — Smart Graphics — WS2010/11
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Integration of CATHI into WIP

3D-Animation p—

buiuue|d
1JnoAe

2
—
D
0p)
D
>
—
QD
—,
O
>
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Some example generations of CATHI

3

”5
4
'

Adaptation to different capabilities of the output medium
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