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Organization of NPR methods

« Interactive methods
— 2-d processing

Computer generated watercolor
i i f

Curtis has developed a method for al
simulation approach [Curtis97]).

. Flgure 10: iomptm& Generated W&}%r@gw{;rom [CurtisaT]

effects using a water fluid
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4.2 Main loop

The main loop of our simulation takes as input the initial wet-
area mask M the initial velocity of the water u, v; the nitial
water pressure p; the initial pigment concentrations g*; and the
initial water saturation of the paper s. The main loop iterates over
a specified number of time steps, moving water and pigment in
the shallow-water layer, transferring pigment between the shallow-
water and pigment-deposition layers, and simulating capillary flow:
. ds):

proc MainLoop(M, u,v,p.g",....g",
for each time step do:
MoveWater(M, u, v, p)

MovePigment(M, u, v, g',...,2%

TransferPigment(g', . . ., d d")
SimulateCapillaryFlow(M, s)
end for
end proc

tes 127451 pat




4.3.3 Ldge darkening

In a wet-on-dry brushstroke, pigment tends to migrate from the
interior towards the edges over time. This phenomenon occurs
in any evaporating suspension in which the contact line of af
drop is pinned in place by surface tension [3]. Because of this
geometric constraint, liquid evaporating near the boundary must be
replenished by liquid from the interior, resulting in outward flow,
This flow carries pigment with it, leading to edge darkening as thef
water evaporates. In our model, we simulate this flow by decreasing
the water pressure near the edges of the wet-area mask.
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% i Shallow—water layer

Figure

(flow of water above paper)

— Capillary layer
/ (transport of water through pores)
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3 The three-layer fluid model for a watercolor wash.
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Figure 4 Example paper textures.
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Interactive
application.
But too slow
to let you
paint in
real-time.

Although our watercolor simulator runs too slowly for inter
painting, compositing many gl of pigmi using the K
model 15 feasible in real-time.
feedback about the colors res

Figure 7 An inleractive painting application. Al lop center are the
mitial conditions painted by the user; ot top night, o watercolor
simulation in progress, showing mwo of the painting’s five glazes,
The lorge image is the fmished puinting.
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Offline application

User inputs
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Regions and Pigment Color Separations
Choices

Figure 8 Overview of the color separation process.
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Figure 9 Brushstroke planning. At given infervals, the planner
identifies regions containing too much pigment {(a) and thins them
out by adding plain water (b). The planner can also compensate for
a lack of pigment (¢) by adding a pigmented wash (d}).

127450 pif

Figure 10 An automatic watercolorization (left)
of a low resolution image captured using a poor-
<gility sdo0 G (abve). Ths fhishad vaint:
ing consists of 11 glazes, using a total of 2750
iterations of the simulator, rendered at a resolution
of 640 by 480 pixels in 7 hours on a 133 MHz SGI
R4600 processor.
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Resulting watercolor
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Source image for a 3d animation

X -

Figure 12 The target image for Figure 14,

Figure 14 Detail of one frame from Figure 13.
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Figure 13 Several frames from a
non-photorealistic animation of moving

Pen and ink illustration, exploiting 3d geometry

The work of Winkenbach provides emalation of pen-and-ink Blusiration by rendering 3D geomelry In
with stroke textures |

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

Pen-and-ink renderings from [Winkentachod]

Figure 5: Detail sepments. The wier inferactively attackes “detail
segments™ ko the seifaces te indicate muphly where detrils showld

Figure 6: Idicating temure. The left hovere is drawn rerimg “badicanion™: the right howse is nex.

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

The artist approved of this one...

Non-Photorealistic Rendering - The Artist's Perspective

Simon Schofield
Slade School of Fine Arl, University College London

Winkenbach and Salesin's Pen and Ink work [19. 20] seem not to suffer as heavily from this problem as
that of the “impressionist® systems, Their pen an ink rendars are wholly algorthmic, yel posses a
convincing hand drawn look without suffering from a seeming lack of authenticity. As discussed, we found
that "blanket” or "blind” techniques, when applied overall to an image, often produced pleasing resulls,
'while i which s artists s tended fo fail. Elching, hatching and engraving
methods can be, on a certain level, considered to be largely tachnical in their execution. Over smaller
sections of an image, there may be very litlle consideration or decision given once a general approach lo
maodelling form has been found. This does not mean that etchings or engravings are any less expressi
than looser forms of painting, it simply means that the exp i and viruosity in these lypes
of images hes elsewhera, In these cases, expression lends to lie in the overall compesition, tonality and
economy. Gustave Dord’s genius lay not in his ability to engrave, which he often relied on others to do,
but in his overall drawing, modelling and tone. It is still down 1o the user to provide these aspects when
using Winkenbach and Salesin's systems.

http://www.cs.utah.edu/npr/papers/npr_course_Sig99.pdf
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The Future of Cameras?

What will be the design of cameras in the future? What new faaturas wil
they haue? In 3 sense the future of cameras has already arived with
the developrent of digital

The basic cornponents of carneras will probably not change ruch but
perhaps they will be riade of new matsrials, particularly the lenses may
change or the sizes may vary,
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What can be improved about
current cameras?

(your list first...)

» Dynamic range

Blurred photos

Post-shot controllable depth of field
Post-shot editable lighting, positions, etc.
* Size of camera

What crazy other things?

* The previous list is all mostly with
reference to the functionality of a film
camera. Surely unexpected camera
capabilities and uses, only possible with
digital media, will come with future
cameras.

Some possible future directions

 Assorted pixels

« Foveon imager

« Coded shutter flutter
Light field camera

« Gradient camera

Some possible future directions

 Assorted pixels




Color pixel mosaic
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Intensity attenuation mosaic

hitp:/fwwwL.cs.columbia.edu/CAVE/publications/pdfs/Narasimhan_PAMIOS.pdf

Color and intensity mosaic

hitp:/fwwwLcs.columbia.edu/CAVE/publications/pdfs/Narasimhan_PAMI0S. pdf

Color and polarization mosaic
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Temporal sensitivity modulation

hitp:/fwwwL.cs.columbia.edu/CAVE/publications/pdfs/Narasimhan_PAMIOS. pdf

High Dynamic Range Imaging: Assorted Pixels

‘ange manochrome Magng USng @ Mol
auc of cverlapping color and esposune fiter
urtesy of the Sory-Eihies Bese arch Center, Inc.

Shree Nayar, Columbia University
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) . . ) Linear regression interpolation to
. Cubic spline interpolation to 12 bits s 9 . P
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Some possible future directions

» Foveon imager

First came film.

COLOR FILM contains three
layers of emulsion which
direcily record red, green,
and blue light.

Then came digital Now there's Foveon X3

TYPICAL DIGITAL SENSORS FOVEON X3 direct image

hawe just one layer of pixels and  sensors have three layers of

capture only part of the color. pixels which directly capture
all of the color.

http://www.foveon.com/
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Figure 2. Dashed curves show the color separation computed with a simple
‘model of light absorption in silicon and the solid line show meastrements

measured from an early Foveon X3 image sensor.

Figure 1 Absorption coefficient and penetration depth in Silicon vs.
wavelength.

http://www.foveon.com/files/CIC13 Hubel Final.pdf http://www.foveon.com/files/CIC13 Hubel Final.pdf

Foveon X3% Capture
JI .L g Foveon X3® technology visibly improves image quality, as these comparisons
1/ i i "i' dernonstrate. In this case, an image taken with 2 mosaic sensor is compared to an
H=H giﬁg : : . .
i L image taken with Foveon X3 technology, Both image sensors are the same physical

size, however the ¥3 direct image sensor has three times the number of pixels,
A8 8 resut, ooty Foveca X3 direct

image sensors capturs red, reen, and
bl laht st svery el locaton

Since silcon absorbs siferen
wavelenglhs cf light 8t different
depihs, eech loyer recerds
dillerent color, Besause e layers
are slacked logether, all hree
celors are caplured,

A Fevean X3 diredt image
sansor fealures tres
separate layers of pisel
sansors embadded in slicen

Foveon X3 Capture

tosaic Picture

Masaic Capture

s nmEm

In conventicnal systems,
color fiters are applisd 1o a
singls layar of pixsl sansars
in 2 tiled messic pattern

http://www.foveon.com/
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Tha fikers Tet only one wavelngin
allight-red, graan, or blue-pass

thrsugh o any givan pisel location,
allowing 1o recerd orly one coler

Ag 8 ra3UL MOsaI SENBErS CEpURS
anly 25% of the rad and blua light, and
just 50% of tha green

Sharpness

tosaic Capture
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Foveon X3
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Color Detail

taosaic Capture

Foweon X3

http://www.foveon.com.




Artifacts

Mozaic Capture Foveon X3

Foveon features

Use the optical properties of silicon itself to
separate colors.

— Different wavelengths get absorbed at different
depths of the silicon—blue, then green, then red.
More efficient at capturing light—don’t discard

2/3 of the spectrum at each pixel.

Variable pixel size, depending on photo mode or

S S

Pecel Sirms 121 [p— Piasd Sizmiix2
i skl = fmmers £ ottmgm s b bbbt oed  worisble rmefion..

2002: “...destined to become the standard in
image sensors for electronic cameras.”, said
Carver Mead, Foveon’s founder. Status now...?

POLAROID X530
Tha pewar of digital. The essance of film,

X1 techmelegy sow available i o
point-and-shoat camera.

Manufactured by World Wide Licenses Ltd., the
Polaroid 530 digital camera |5 the world's first
poknt-and-shoot digital camesa to incorporate X3

inze tachnology, pawerad by the new 4.5 megapizel Fovenn

R X1 direct image sensor.

The camera takies advantage of several key foatures of the X3 image sensor design
including:

* Suparior color fidaliny
= Fovuen X3F raw Hle format image capture option

Coriry ||| -Losguage - = | (miled States = s

Products >> Digital Products

* Favan's recently introduced X3 Fil Light saftwars |‘ t,. . —
The Palarold 4530 1s #hio the first X3 based digital camera to capturs in-camers JAEG %
format Images. h
http://www.foveon.com/ | 7 i k. l“1’ .

Some possible future directions

» Coded shutter flutter

Coded Exposure Photography: Motion Deblurring using
Fluttered Shutter

Ramesh Raskar
Amit Agrawal
mitsubishi Electric Research Laborataries (MERL)

Jack Tumblin
Morthwestern University
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Blurring convolution kernel

Fourier transforms into sinc

e s v

Fourier transforms into a function with no zeros

1]

Some possible future directions

* Light field camera

Light Field Photography with a Hand-held Plenoptic Camera

Ren Ng* Marc Levoy* Mathicu Brédif*  Gene Duvall  Mark Horowitz* Pat Hanrahan®
*Stanford University tDuval Design

tanford.edt 150dpi.pdf
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Figure 1: Conceptual schematic (not drawn to scale) of our camera, whicl| S 4000 pivel |
" - . . . i
is composed of a main lens, microlens array and a photosensor. The maiy : | = T l
lens focuses the subject onto the microlens array. The microlens array sep s i § 0.5 mm
[arates the converging rays into an image on the photosensor behind it. 1
Figure 8: Top: Exploded view of assembly for attaching the microlens array
http: ics.stanford.edt 150dpi.pdf to the digital back. Bottom: Cross-section through assembled parts.
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Figure 9: Our light field camera in use.
Figure 4: Two sub-aperture photographs obtained from a light ficld by ex-
tracting the shown pixel under each microlens (depicied on left). Note that
the images are not the same, but exhibit vertical parallax.
5 5
2 2
by by
g g
8 8
2 2
ke ks
o iy
S S
g g
£ £
s s e e arng o e T,
Lo ey o comeeom e eceme 4t




150dpi.pdf

tanford.edt

Figmry M ko asimy b  single e psws of e light ekl cammes Tips
e s hat sl B i froem & goanetiond casen, B

150dpi.pdf

tanford.edt

Flgire 14: Refocusing afler s singhe exposire of the light fiekd cansera. Top
is the photo that would have resulted from 2 comventionat camers, focused
on the clasped fingees. The rrmaining issapes are photographs ol
ot different depths: middle pow is foxmsed on first and second fhpures; Lt
ronw . focused o by mpare especially middle left s
btion right for full elfective depth of tield.

and s
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Some possible future directions

* Gradient camera

Why I want a Gradient Camera

Jack Tumblin Amit awal Ramesh Raskar
Northwestern University University of Mary land
et i ex nonthwestern,edu a

wwal i@ umd.edu raskari® merl.com

Abstract

steand of static intensities. Qwann
Jenences be wdjaacent pived v
Y comerter 1o measure ded
scenes. We measure alternating "l
groups b that lovaily determine their awn best e
rec s

Figure 1. A log-gradient camers capiures both lasge and small
imuifations demonstrale ihese £8-  wene connots well: (s} S mensity camers Joses laege
pabilities i side-by-side compartions comriats (> 10+ © 1) s ATTD limies, but small contrasss (isset
133 : 1 amp, simalated) ave finely quantized {11 levels c {b) an
Bebit g-iniensity camcra captases larpe contrats well, bt small
conmrants are coarsely quastired (5 levels); ) s & bit bog- gradicn
camicin preserves both, hidiag eron smeoothly everywhere

1 Intrsduction

4 Pixel Cliques
Image

Figure 2. Log-gradient camera overview: intensity sensors orga-
nized into 4-pixel cliques share the same self-adjusting gain setting
k., and send log (1) signals to A/D converter. Subtraction removes
common-mode noise, and a linear ‘curl fix’ solver corrects satu-
rated gradient values or “dead’ pixels, and a Poisson solver finds
output values from gradients.

Pigase 3. Sem B Coomectirr: Ia e bel columa, an B30
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Figure 7. Grasduent cameras repect mothon and reduce mobse betier
than intensity cameras when used as a gated estimator. A gated
extimator finds the average of a stream of input valees, locks its
valu permancnlly f given an oullice. [Top Row] source wese;
Nime-average of wce image + Catsisn boe moved i & 5-
vl wide circle in 15 Brame-times. [middie pow]. Gated imensity
camara rosalt; Gated gradient camera pesult, [bostom o ] time
do-bock ifom 0 4o 15 <k for gra-
Both pire-gate wall,
me wan mach shorter and the results
shrow mitsch e Dot Simalar abjacent prmficats e msch mor
comiion thas similar sdjacent imensitics. Peine use oo with
your PDF biowser .
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