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Photorealism

Physically realistic
computer graphics
rendering

Images with
photographic quality
(eg Vermeer, 1632-
1675, accused by
critics of being cold,
inartistic, and
displaying ‘spiritual
poverty’).

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Are these images non-photorealistic renderings?

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Non-photorealistic rendering

» Expressive, artistic, painterly, interpretative
rendering.

» Not aspiring to realism.
 Early work: natural media emulation
— Pen and ink
— Watercolor
— Oil on canvas
» Attempts to capture the low-level style.
 Simulations of technical illustration.

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

An Invitation to Discuss Computer Depiction

Frédo Durand

NPAR 2002

Most authors also agree that the term “non-photorealistic™

is not satisfying [NPAOO]. The border between photor
and non-photorealism is fuzzy, and the notion of realism it-
self is complex [Fer99]. Thomas and Ollie tell an enlighten-
ing ancedote about Walt Disney [TIS1]. p. 66. Disney would
keep asking
cause of misund iding, since no one would qualify Dis-

Their interpretation is that he

animators for more realism, which was a

Comparing photorealism and NPR

(Stuart Green)

Photorealism NPR

Approach Simulation Stylzation

Characteristic Objective Subjective

Influances of with  artistic

perceptual-based

Accuracy Precise Approximite

Decopbveness Can be deceptive of regarded as Honest - the obaerver sees an image
“dishcnest’; viewors may be misled as a depiction of a scens
into believing that an image is ‘real

Level of detail Hard to avoid extranecus detail; 100 Can adapt level of detail across an
much indormation; constant level of image to focus the viewer's attention
detail

Completonsss Complete Incomplete

Good for representng  Rigid surfaces Natural and organic phenomena

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf
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Non-Photorealistic Rendering - The Artist's Perspective

Simon Schofield
Slade School of Fine Art, University College London

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Statistical techniques to simulate expression

used to ion - Bad

For us p arlse when are used to simulate a medium's usage by human hand
and the decisions of the artist, Many extent systems exhibit such simulation, As described, we too were
guilty of attempting to simulate the artist’s decisions.

Aside from Al die-hards, its has become an established principal that computers are not inventive or
a@xprassive in themselves but are tools through which exprassion is articulated by users [12]. Hence a
word processor handles indnidual characlers bul does nol construcl sentences, and a MIDI system
processes musical note, but does not construct tunes. It is interesting that NPR developers often seem to
overlook this principal and delegate the task of consifuchng a complated paniing 1o Ihe computer. T |
mwmmmmm
sentences or tunes - they tend to be either chactic and unil ibe o flat and predi

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

“Paintings are not solutions to well-
posed problems...”

Stafistical techniques are highly inapprop for imitating the decisions of the arfist. The most-often seen
form of NPR is the pseudo-imprassionist painting - a technique which often relies on randomness to
determine the placement, shape and color of marks Across Ihe picture plana. It is a constant surprise to
sea how affective this technique is. However, this ‘s simil to real | 1l painting Is
extremely trivial — it implicitly reduces the efforts of the most Impnﬂam artistic m:wemenl of the last
century to experiments in controlled noise. The marks in any impressionist painting are highly specific,
even more 50 than in earlier smoother types of painting, in thal the very nature of there visibility made
them of hesghtenad concem to tha artist.

Meither paintings. nor indeed clusters of marks. decom into a set of algorithms. Paintings are not
solulions to well posed problems: they are determined by whim. a desire lo explore and arficulate
uncertainty. It is probably safe 1o say, thal while we can understand and simulate a medium’s physical
phenomena, we do not undarstand and cannot simulate the way people will use that medium.

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

NPR Cross-section
2D 3D
automatic image stroke
pr s renda T
: . 2D paint 3D |:.Nuir|t.'

Daniel Teece
http://pages.cpsc.ucalgary.ca/~mario/npr/projects/sigg03/lec8/hand_1.pdf

Organization of NPR methods

» Automated methods
— 2-d processing
— 3-d processing

« Interactive methods
— 2-d processing
— 3-d processing




Organization of NPR methods

» Automated methods
— 2-d processing

2/2.5 D, no user intervention

F has an

2 hand palnting an image using a seres of spline brush strokes.

A painting is buill up as a seres of layers of progressively smaller brushes [HerlzmannS8].

Figure 5: Painterly Rendering with Curved Brush Strokes of Mulliple Sizes. from [Hertzmann98]

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Reference images Layers

http://www.mrl.nyu.edu/publications/hertzmann-thesis/hertzmann-thesis-72dpi.pdf

Issues in image style translation

* Fitting
 Translation

Learning Style Translation for the Lines of a Drawing

WILLIAM T. FREEMAN

Mitsubishi Electric Research Labs and MIT Artificial Inleligence Laboratory
JOSHUA B. TENENEAUM

MIT Brain and Cognitive Sciences Department

and

EGON C. PASZTOR

Mitsubishi Electric Research Labs and MIT Media Laboratory

ACM Transactions on Graphics, Vol. 22, No. 1, January 2003, Pages 33-46.

http://people.csail.mit.edu/billf/papers/p33-t_freeman.pdf
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Input traced line drawing
This example will
S 6-\ ‘% illustrate the tension

between fitting and
translation

/ A\

Figure 2: Line drawing traced [rom photograph ol

Sinstein.
http://peopIe.csaﬁ'.'rln"ﬁ\,egb]}biIIf/paperslp33-tjreeman.pdf

Input drawing

S\ S 50
GeR hes
X/ AY)

Figars 3t Lisw drawiag Limond fin phesograid of
Exmstren

1-NN fit to input,
style 1

http://people.csail.mit.edu/billf/papers/p33-t_freeman.pdf

Input drawing

NS *‘3\%

( "@% :? Vi_ 1-NN fit to input,
/‘/\%{7 /ﬁ\%??

Figasre 3t Lise deuwing tinond fpn photugrapd: of
Esirea

"~ Translation to style 2

\,,/

Bad fit, good translation
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Input drawing
(J B @& ("g ‘% 5904-NN fit to input,

7 style 1

Figars 3t Lisw drawiag Limond fin phesograid of w0
Eimstres. .
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Input drawing

(“ @‘% ("g % 5904-NN fit to input,
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Figars 3t Lisw drawiag Limond fin phesograid of
Exmstren

Translation
to style 2.

. Good fit, bad translation
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Input drawmg
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Input drawing
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http://mrl.nyu.edu/projects/image-analogies/
image analogies

We prasent a new framewark for procassing images by exampla, called "image analogies " Rather
than attermpting to program indmdual hiters by hand, we altermnpd Lo auormeatically leam hiters lrom
training data For example, the fallowing fiqure demanstratas an image analogy usad to laam a painting

styler

B

The images on the laft ars training data; our system "leams" the fransformation from A 1o A", and then
apphes thal translonmeation 10 B o gel B, In olher words, we compule B 1o complels the analogy. [Crnily]
partial images ana shown above; hena ang the full images).

Figure 2 Neighborhood matching. In order to synthesize the pixel value at ¢
in the filtered image Bj, we consider the set of pixels in B, By, By, and
By around g in the four images. We search for the pixel p in the A images
that give the closest match. The synthesis proceeds in scan-line ordering in

http://mrl.nyu.edu/publications/image-analogies/analogies-72dpi.pdf
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Image analogies applications

» traditional image filters, such as blurring or “embossing” (See-
tion 4.1);

® improved texture synthesis, in which some textures are synthe-

sized with higher quality than previous approaches (Section 4.2): FO r pai nte r I y Styl e trans I ati on , h ow

o super-resolution, in which a higher-resolution image is inferred

from a low-resolution source {Section 4.3); g et the A’ A ? i mage pai rs?

® texture transfer, in which images are “texturized” with some ar-
bitrary source texture (Section 4.4);

® artistic filters, in which various drawing and painting styles, in-
cluding oil, lor, and line art rendering, are svnthesized
based on either digitally filtered or scanned real-world examples
(Section 4.5); and

® texture-by-numbers, in which realistic scenes, composed of a va-
riety of textures, are created using a simple “painting” interface
{Section 4.6).

[Froma deta of Rtiecton fSatFoai, 1565 http:/mrl.nyu.edu/projects/image-analogies/ . o hitplliek§ edu/projects/image-analogies/

Filterad target {5}

http://m rl.i.edu/projects/irnage-analogies/

Texture Transfer

* Take the texture from one
object and “paint” it onto
another object

— This requires separating texture
and shape
— That’s HARD, but we can cheat

— Assume we can capture shape by
boundary and rough shading

Then, just add another constraint when sampling:
similarity to underlying image at that spot

Filtared uu 2] http://people.csail. mit.edu/billf/papers/efrosFreeman.pdf




Source
texture

| Target
image

Source
correspondence
image
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Filtered cxumples (A')

s papee. The wpper A” image is » detail of Siorry Nighe abone the Rl by Vincost Vi Gogh, the
ing wilh Photoihop's St Bisr” ey The keaeer smage post is o photograph s o mascrukn

Unfiltered examples (A}

Figure & Unfifiered taget images { 5 for the NPR filters and texsure tramsfer (Leftmost image courtesy Ahn Shaw [3].)

Figmre |1 st puinsimgs by cxample. The bet image is [atniesd i 3 sfybe hrammed fivan 3 Van Gogh painsing (Figure |5, top row i e right image i in the siyle of
2 watcacolr files {Figare 10, bottoss fow )
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Organization of NPR methods

» Automated methods

— 3-d processing

8 Using Non-Photorealistic Rendering to Communicate Shape

Amy Ashurst Gooch and Bruce Gooch
Department of Computer Science
University of Utah

http:/ /www.cs.utah.edu/

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Photograph

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Illustration

Image from “The Way Sclence WorksT.
Courtesy of Macmillan Reference USA, a division of Ahsuog, Inc.

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf




Gooch and Gooch

« Concentrate on the material property and
shading aspects of technical illustration.

Some characteristics of technical
illustrations

8.2 Technical Nustration

Human-drawn technical ilbustrations are ususlly stand-akone images from a single viewpoint presented on 3 non<steren medism such 35 pen
an papes. In this section we drscuss the companents of such illussmtions that we s in a compuer graphics context: line character, shading,
amd shakowing,

Examining techescal manuals, illustrated texibooks, and encyclopedios reveals shading aed line ilustration o
.J.nmm than traditional companter graphecs comventions. The use of these artiste conventions produces ook ns, 0

listic rendering. The il in several Books, e, (20, 23, inply that llustrators use fa : principles

Nlbeasgh ther ane a e vasiey af iyl and techmigres fond s techwical iliusaice, there are seme coeamon dheanee, This s pasticulrly
triic wh colie illstrat bish ad pen. The following ol e present in many dll

ch are quite

» e lines ane draram with Black curves.
« matic objects are shaded with intensitics far from black or white with warmth or coalness of color indicative of sisface nosmal
w asingls lnght source provides white highlighs.

o shackows are rarely inchided, but if they are used. they are placed where they do ot occhude detsils or important features.

& metal ohjects are shaded 35 if very anisatropic

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Technical lllustration

Shape information is most valued

Edge lines
Shading

Shadows rarely included
One light

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Technical illustrations

Lines

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Figure 1: An campde of the lines an illustrator mabd use 10 comvey the shape of this sirplass fool padsl. Copyraght 1989 Macdonabd & Co
dPublishers) Lid. [20].

Some
parameterization
dependent lines

Figure 3: A few examples of a NURES-bused model displayad in wirel: The dis hisg by Fraterm
difcnk

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf
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http://www:.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Silhouettes

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Line weight variations

Equal weight

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Figure T- Theoe b comvontons supgestad by Martin [20]. Left: singhe wenght used throughout the image. Midlle: heavy hine weight used
o imstes cliges, other lines are thinncr. Right' vary line weight ko covphanins perspective

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Figure 3: Oulline detection of a mwre complen masdel. (a) Depth map. (b) Deplh map edges. ()
Normal map. (d) Normal map edges. {2) Combined depth and normal map edges. (See also the
Color Plates section of the course notes. )

_J:

0

re 1: Outline drawing with image processing. (a) Depth map. (b) Edges of the depth map. (<}
mal map. (d) Edges of the normal map. (¢) The combined edge images. () A difficult case:
ded piece of paper (g) Depth edges. (See also the Color Plates section of the course notes.)

hgp,'?lwww.cs.utah.edu/npr/papers/npr_course_Sngg.pdf

)

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Figure t: Lefi: Hiustratons somsetimes use the comvention of white iterior edge lines i peoiuce a highlight. Courtesy of Macmsilkan Reference
USA. 3 diviston of Absuog. lns. [23]. Right An image peodaced by cur system, including shading. silbosetses, and white crease lines

10



Technical illustrations

Shading

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Fugure 10 Hlunteatirs combine edge lines with 3 specific type of shading. Shaling in Sechnical dmteation brings oot sebtle shape stribtos
and provides infoemation about material propersies. Left: Compare this shuded image of sirplane pedal 1o the line drawing i Figue |
Copyright 1989 Maodonald & Co. (Publishers) Lud. [20]. Right: Engine. Courtesy of Macmillan Reference USA, @ division of Ahsuog.

Diffuse shaded model
I = kyk, + k, max(0, L'-n) with k,=1 and

Figgrs 11: Diffase shaded imags using

edpe

=
lirwes could not be seem if added. Highlights

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Figure 12 Image with only highlights snd edges. The edge lines provide divisions berween object pieces and dhe highlights comvey the
direction of the light. Some shape information is bost, especially m the regons of high cervatue of the object pieces. However, these
highlughts and edhges coukd st be e 11 gl light pegiosn amed the silbuetics wosihd
b immsibide in the dark reghor.

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Figure 13: Phong-shaded image w ||J|e-be||mmdh = 0.5 and ko w 0.1 Like Figure 11, details are lost in the dark gray
especially in the small chaws, where they are the comumt shade of Lk, regardless of srface onetancn. However, l\’je Ilm.m!
hughlughts privde shape snfirmation that wan pm«!nlnv\.rl st cosld ot be axdded 1o Fagare 11

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Encoding surface orientation by color temperature

r..,m— 14 Approimately constant luminance ks roadering. Edge lines snd highlights. are clearly noticeable. Unlike Frpares 11 and 13
vt hctails i shadend pegions, liks e sssall claws, e viitse, Tk of Wenitance shif makes tcee ¢ s, sable. (5% Color Plate).

11



Direction dependent illumination color

Combining color-temp surface orientation coding
with some tonal variations in object color

pure blue to yellow

BEEERT
select

pure black to object color

final tone

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

How the tone is created for a pure red object by summing a blue-to-yellow and a dark-red-to-red tone

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Parameter setting # 1

Figure 16: L This bines the baminance shift of Figure 11 s the froe shifl of Figure 14, Edge lines,
highligl |

fine details im the dark h\\d«urmmhmw small clanws, as well as details i the high beminance regions are all visible
ctiicn, shape dvals e spparent el Figmns 12 mirs o chjec sppens . 1n e g, o vaiabbs o Exunion | v Eqesion

aee b= 04, = L4 = 0.3, 1 = 06, (See Coler Plate)

Parameter setting # 2

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

Fugwre |7: Lusinance hise bone rendering. simil cacept b = 055, .3, a0 = .25, 1 = 0.5 The different vabues of b and
r determane the wrength o Ilhc -«ﬂﬂl ||wnh" I| II u‘!« e v and Mmuun the peoemmence of the o i‘u\ll-l-ll and the strenyth of
e hummamce shll,(See Color P

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

I|uml|i!m|u|ngd.l.‘c\! olomd spheres. Top: Cobored Phong-shaded spheres with edge lnes and haghlights h.n...\.
spheres shaded w ..l...l iy odge lines aoad bighlights, Mot In the first Mheong-shaded 3

lines. disappe e shadad viokt sphere. In e s Pong.aheded yhe
ighlght e, oty it i o -.m,\...l o huse a0 Jusmmance dhaded white splere bebow . The spheres in

et thest " {5ce Color Patc]

Metal object with anisotropic reflections

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf
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Metal object with anisotropic reflections

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

An anisotropic reflection can be seen in the metal objects in this photograph.

“Lines are streaked in the direction of the axis of minimum curvature, parallel to the milling axis.’

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

(d) Meral-shaded object with a cool-to-
warm shift

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf

{dy Approximation: Phong shading.

Lwo colored liehes and edos lings:

3D, little user intervention

Gooch has developed a non-photorealistic lighting model that attempls to emulate the richness of hand-
drawn technical illustration [Gooch98]. The lighting model uses luminance and changes in hue to indicate
swrface orientation, and gives a clearer piclure of shape, structure and malerial composition than

graphics 3

Figure 7: Non-Photorealistic Lighting Model for T ion, from [ 1

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf
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