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From CG and geometry...
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Overview of the talk

* No computer-graphics research
 Preliminary and not-so-preliminary reflections
about images
o 1% part:
— Context and goals
(Raising expectations)
e 2" part:
— Overview of the class
The Art and science of depiction

— (Failing the expectations)

The Art and Science of Depiction

* Why do our image lack aesthetic?
e What's our goal?
* Where Do We Come From? What Are We?

Where Are We Going?
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Motivations

 What is“Realism”?What is “Photorealism”?
 Are photographs realistic?

 Are photographs photorealistic?

e Whatis N}Qn-PhotoreaI istic Rendering?
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A variety of awesome techniques and solutions
But what are the issues?
Difficulty of classification
Each paper deals with several problems
Lack of inter-operability

The Art and Science of Depiction




Why make images?
» Educationa s 'f £, e &
o Téell story - . Expression

* Smulation  ediee 1] ° Beauty

» Design : e «  Shock

* Sign 5| - Medical

© Guidetask o= NAEN - Humor

e Visualization 2 e Faith

e Search * Prevention

e Anaysis - . FEtc.

Not one single class of images
Thus, there may be many ways to make images
CG focuses too much on one of them

The Art and Science of Depiction

* Non-realism is MORE than degraded realism
— E.g. clarity, selection, abstraction, etc.

The Art and Science of Depiction




Realism vs. realism

* A realistic image can be MORE than realistic
 E.g. dodging and burning

— During the print

— Locally darken or lighten using a mask
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The Art and Science of Depiction

e Ansel Adams
e Clearing Winter Siorm

The Art and Science of Depiction




Generic pictorial 1ssues

« A lot of issues are universal
 E.g. ail painting / photograph

The Art and Science of Depi c-:lt—iltt)lnan

» Contrast isreinforced at the occlusion silhouette
* Tone modification/ haze

The Art and Science of Depi c-:lt—iltt)lnan




Computer Graphics Imagery

» Rendering is efficient

 Hardwareisfast

» 3D content creation becomes the bottleneck

* Most CG images are still not very compelling

o Ve b 4
Ay e

The Art and Science of Depiction

» Rendering pipeline, rendering equation
* From 3D model to image
» No feedback

3D geometry

Materal aftributes M{>

Light sources

Image

Viewpoint Projection

Rasterization, etc.

The Art and Science of Depiction




Feedback and Darwinian selection

 Picture production isatrial and error process

« Theartist tries pictorial techniques, constantly
judges the current state of the picture and reacts

accordi ngly

The Art and Science of Depiction

The Bull by Picasso

17

« Simulate the feedback
— Optimization approaches
— Perception/artistic-based “ metric”
— What are the goals?

 Bypass the feedback
— What are the pictorial issues?
— What are the pictorial techniques?
— Hopefully inverse the feedback

 Try to understand what is going
on and what we're trying to do!

The Art and Science of Depiction
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\What and whom for?

* Trained image makers
— Understand what they need
— Provide more relevant tool
 |mage-dummies
— Automatic and semi-automatic
— E.g. “gorgeous image” for CAD
— E.g. “digital photo beautifier”
» Computers (100% automatic)

— E.g. can we transfer the art and
craft of cinemainto games?

The Art and Science of Depiction

« Well, alot of trandation is necessary
» Their feedback loop is extremely good
* Butitisoften aninacc

The Art and Science of Depiction
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Can art historians tell us?

« Well, alot of trandation is necessary
They know what is good in an image
Thelr language is descriptive, not generative
Often limited to 14"-19™ century Western art
But recent art hlstory works W|th general images

Ll
The Art and SCI ence of Deplctlon

Well, alot of trandlation is necessary

Experimental results

— E.g. colors, perspective perception

Provide framework to pictorial techniques
— Corresponding human visual mechanisms

— Unfortunately, often no quantitative prediction
— Suggests relevant “dimensions’ or issues

Unfortunately complex images are...

too complex P pe—

The Art and Science of Depiction
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erception & art history tell us?

* Well, some trandation is necessary
* But very fruitful
e That isthetopic of thistalk!
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The Art and Science of Depiction 23

Well, alot of trandation is necessary
Raise interesting questions
Generative approach to pictures

Systematic validation
— We cannot omit anything (you get what you ask for)

— Parallel: computer-vision showed the complexity of
human vision

The Art and Science of Depiction
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Towards picture sciences ?
« Perception &2
Art History
Visual Arts
Computational Vision
Computer Graphics

A paradigm: Language sciences

The Art and Science of Depiction

I

» Graduate classat MIT (but undergrads as well)

e Multidisciplinary

 Students from Architecture, Computer Science,
Cognitive Sciences, Media Art & Science

The Art and Science of Depiction

13



Other goals

« Multidisciplinary, make connections
Different viewpoint on picture
Correct scientific errorsin art books

Excuseto talk
about cool stuff W& ,

Excuse to look ’
at cool pictures

The Art and Science of Depiction

What will be described are
connections, correlations,
NOT truths, causalities,
explanations

Moreover, they are often
hypothesis not yet verified

But we hope they offer
Insights

The Art and Science of Depiction
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Plan
* Visua system and art

e Limitations of medium:
compensation
and accentuation

 Representation system

The Art and Science of Depiction

 El-Greco, elongated characters
» Were supposed due to astigmatism |

» However, pictures and real people g’#
would have been stretched equally L ».. '?

N

» Almost as fallacious as assuming G :!.
painting should be inverted because %!’
our eyesinvert what we see

The Art and Science of Depiction




Vision as information processin

* Input: retinal image
 Output: 3D layout, object recognition, etc.

Retingl Process Intermediat Processing .
etin ntermediate ene
image Data - understanding

The Art and Science of Depiction

« Marr’s stages (extended by Palmer et al.)

e Human and Computer Vision
 Classification of different kinds of processes
» Has proved fruitful in art studies

E—

View-centered Object-centered
Extrinsic Intrinsic

The Art and Science of Depiction
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Retinal image

* Intensity

L

The Art and Science of Depiction

» Contrast, edge detection

Image-
based
Processing

Edge Detecion

Lina Detaciors

The Art and Science of Depiction
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Surface-based

 Visible surfaces, organization
 Distance, orientation

Processing

The Art and Science of Depiction

Local orientation

« 3D properties, structure
» Nature of the description highly discussed

Processing

Surface-
based
Processing

Processing

The Art and Science of Depiction
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Category-based

 Recognition, category, function

Processing

Surface-
based
Processing

Processing

Category-
based
Processing

The Art and Science of Depiction

» Bottom-up and top-bottom

Retinal
Image

Processing

Surface-
based
Processing

Processing

+

B

The Art and Science of Depiction
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Evolution of children’s drawings

Class of drawing

e First draw what they _.:' - - & average age
know (object-based) [EEENE
e Then what they see
(towards retinal)

e Asked to draw atable

The Art and Science of Depiction

&
! e

« Show adiceto children (~6-7)
» They usually draw arectangle
» The rectangle could stand for one face

ny

The Art and Science of Depiction
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3D and 2D attributes

 Show coloured or numbered dice to children (6-7)
* The still draw arectangle
* But different colours or many points

The Art and Science of Depiction

 Show coloured or numbered dice to children (6-7)

The still draw arectangle
But different colours or many points
The rectangle stands for the whole dice

The notion of 3D object with cornersis translated
asa 2D object with corners

The Art and Science of Depiction
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Relation to pictures

 Different classes of picturesfor different stages
* Not astrict classification, not a cultural judgment

View-centered |:|> Object-centered
Extrinsic Intrinsic

The Art and Science of Depiction

» Chinese painting refuse extrinsic, only essential
* No shadow

&=
View-centered Object-centered

Extrinsic Intrinsic

The Art and Science of Depiction




Retinal image

 Impressionism
 Photography

Ratirsal
Irmags

The Art and Science of Depiction

 Impressionism
* Not so simply classified

e Surface Dbijeci- Category
bazad based | based _ based
Procesgsing | |Processing i*‘-‘ms-ng | Processing
| | |

The Art and Science of Depiction

23



| mage-based

e Line Drawing

it Irnage- Surface
= o
- frocessing | | |Processing

The Art and Science of Depiction

e View-based
e Cuesfor surface-based
feature extraction
are enhanced
— Depth cues
— Orientation cues

» No subjective feature
(e.g. lighting)

Pustirual B
Image Processing | |Processing

The Art and Science of Depiction
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Higher level

* Primitive art

e Cubism

» Schema

e “What | know”

Calegory-
based

n g
||r'I'DDC=5

The Art and Science of Depiction

* Primitive art

e Cubism

» Schema

e “What | know”

.{ Surtace \
based |
i Processing

ipmang

The Art and Science of Depiction
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EXpressionism
e« “What | fedl”

=, image- Chject- ategeory Other
Irna el  basad sy based based
o Procassing | P—..\-cmsru =‘mang| | rocassing mode

The Art and Science of Depiction

* We need to align the foveawith relevant features

The Art and Science of Depiction
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Gaze movement

* We need to align the fovea with relevant features

 Saccadic exploration
— Path
— Fixation time

The Art and Science of Depiction

« E.g. Through contrast

The Art and Science of Depiction
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One focal zone

* Arthus-Bertrand
« Striking but...

The Art and Science of Depiction -

» Robert Mapplethorpe
f-portrait, 1988

* More dynamic

The Art and Science of Depiction
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Triple focus and sub' ect gaze

v WY

 Robert Doisneau ¢
Les Gosses by
delaplace
Hebert

* Morelively

The Art and Science of Depiction

. The gaze foIIows the journey

The Art and Science of Depiction
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Focal point conflict

* Bottom-up is different
from top down

* Makes image dynamic

-

™

59

The Art and Science of Depiction

» Depends on style “complexity”
 Shorter fixation for more complex style

BAROOLE

The Art and Science of Depiction
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Advertisement and focal points

The Art and Science of Depiction

e Limitations of medium:
compensation
and accentuation

The Art and Science of Depiction
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Limitations of the medium

Flatness

Finite size, frame
Unique viewpoint
Static

Contrast and gamut

Can be diminated
Can be compensated
Can be accentuated

The Art and Science of Depiction

» Stereo display

32



Enhancing depth through contrast

EEAND REEVES S [LAURENCE FISHEUENE
e it

The Art and Science of Depiction

* Monet

e Occlusion
boundaries
are barely
visible

* Retina
stage rather iy
than surface 8%

The Art and Science of Depiction

33



Accentuating — dissonance
o Magritte At T N
» Occlusions

are reversed

The Art and Science of Depiction

e Real world: 10 to 10°
e Picture: 1to 50, 1 to 300 at best

| ow contrast
The Art and Science of Depiction




Low contrast is also an advantage

* W. Eugene Smith photo of Albert Schweitzer

« 5daysto print!

 Things can be related because the intensity is
more similar

» Balance, @
composition .ﬂ

The Art and Science of Depiction

The Art and Science of Depiction
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Multiple Shapshots

e Marcel Duchamp
Nude Descending
a Saircase
1912

The Art and Science of Depiction

« Tak Kwong Chan
The Horse —
Away He Goes 1980

 Both static and dynamic
qualities:
the limitation
IS arichness

The Art and Science of Depiction

36



 Representation system

The Art and Science of Depiction

 Representation system

The Art and Science of Depiction
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Representation systems. goals

» Coarse-grain description of style

* Independent systems, independent decisions
 Description and comparison

 Potentially generative (for NPR)

The Art and Science of Depiction

* A mapisadepiction of areality
« Can be more efficient than photo

» Thereisno perfect universal solution
* The systems are usually explicit!

The Art and Science of Depiction
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Map making

* Which information
will be represented

* Projection
* Which kind of
symbolswill be used

e Colour codes

The Art and Science of Depiction

The Art and Science of Depiction

39



Projection: Topological

The Art and Science of Depiction

The Art and Science o Depiction
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Error/choice/distortion
» Descdlier, 1546

/ ——— .
The Art and Science of Depiction

The Art and Science of Depiction
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Denotation (Primitive & Dimensions)

L wisean TGY RN

The Art and Science of Depiction

ES REGHINS VITICAFLLS

The Art and Science of Depiction
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Colour system

* E.g. elevation

The Art and Science of Depiction

« Drawing

* Denotation

e Tone & color

The Art and Science of Depiction




Final conclusions and future work
* What the hall can we do with all this?

The Art and Science of Depiction
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Representation systems

« Drawing and projection
Denotation
Tone & colour

The two first systems are classical

Because painting was the only recognized art
form

The Art and Science of Depiction

 Linear perspective

 Orthographic

» Topologica

e Other

The Art and Science of Depiction
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Denotation system

» Silhouette: 2D (regions)
* Line Drawing: 1D (lines)
e Optical: OD (points)

The Art and Science of Depiction

 Extrinsic (outgoing light)
* Intrinsic (reflectance properties)
 Other, e.g. symbolic

The Art and Science of Depicti on.'
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Marks vs. primitive

 Mosaic

* Primitives=lines

« Marks = points
(or small regions)

The Art and Science of Depiction
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* Paul Siemsen
Picasso

The Art and Science of Depiction

48



Syle

» Coarse-grain style

— Different categories of drawing, denotation, tone
* Finer-grain
* Local style

 Parameterization

» Capture :
— Automatically deduce style from 3D renderings
— (semi)-Automatically capture style from image(s)

The Art and Science of Depiction

The Art and Science of Depiction
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Corrective Make U

* Depending on
the shape of the §
face

The Art and Science of Depiction

The Art and Science of Depiction
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An example

The Art and Science of Depiction

The Art and Science of Depiction
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Touch-up: too dark face

The Art and Science of Depiction

.‘ri

The Art and Science of Depiction
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Touch-up: undesirable lines

The Art and Science of Depiction

The Art and Science of Depiction
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Deforming lens

« Deform one part of the
frame

» Stretched arm and legs

The Art and Science of Depiction

* The sphere s projected
asan dlipse

The Art and Science of Depiction




Perspective distortion

* The sphere s projected
as an ellipse

* Wide angle vision

55



eonardo & contradictions

* Wide angle vision
e Lateral recession

The Art and Science of Depiction

* Portrait: distortion with wide angle

Wide angle Standard
The Art and Science of Depiction
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