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Are you getting the whole picture? >

NVIDIA.

k"Compact Camera FOV = 50 x 35j

NVIDIA Researc h

Slide from Brown & Lowe



Are you getting the whole picture? <3

NVIDIA.

k" Compact Camera FOV
B"Human FOV

50 x 35j
200 x 135j

NVIDIA Research

Slide from Brown & Lowe



Are you getting the whole picture? <A

NVIDIA.
k"Compact Camera FOV = 50 x 35j

kF"Human FOV = 200 x 135;j

" Panoramic Mosaic = 360 x 180

.
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Slide from Brown & Lowe



Panorama @Z

. . NVIDIA.
A wide-angle representation of the scene

Panorama of Along the River During Qingming Festival
18th century remake of a 12th century original by Chinese artist Zhang Zeduan

Image from Wikipedia

NVIDIA Research



Panorama: Cinema for the early 19 ™ century S,TD,A

BurfordOs Panorama, Leicester Square, London, 1801
L Painting by Robert Mitchell



>

Panoramas with wide-angle optics
NVIDIA

http://www.0-360.com AF DX Fisheye-NIKKOR 10.5mm 1/2.8G ED

NVIDIA H




Rotation cameras

k"|ldea

¥' rotate camera or lens so that
a vertical slit is exposed

k" Swing lens
¥' rotate the lens and a vertical slit
(or the sensor)

¥' typically can get 110-140 degree
panoramas

¥' Widelux , Seitz, !

" Full rotation
¥ whole camera rotates
¥ can get 360 degree panoramas
¥ Panoscan , Roundshot , !

NVIDIA Research




Swing-lens panoramic images <X
NVIDIA

————— -

San Francisco In ruiné, 1906

101 Ranch, Oklahoma, circa 1920



Flatback panoramic camera

NVIDIA Research



Disposable panoramic camera

wide-angle lens, limited vertical FOV

NVIDIA Research
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Building a Panorama <3

NVIDIA.

MoBrawn and D. G. Lowe. Recognising Panoramas. ICCV 2003



Summary of perspective stitching n%%;\

" Pick one image, typically the central view (red outline)
B"Warp the others to its plane
k" Blend

NVIDIA Researc h



<X

NVIDIA.

common
picture

plane of
mosaic
Image

NVIDIA Research perspect|ve reprOJeCtlon Pics: Marc Levoy



Using 4 shots instead of 3 >

NVIDIA.

NVIDIA Research



Back to 3 shots

NVIDIA.

surface of
cylinder

NVIDIA Research Cy“ndncal reprOJeCtIOn



: : »,
Cylindrical panoramas <3
NVIDIA

k"What if you want a 360 panorama?

y-

X

" Project each image onto a cylinder
" A cylindrical image is a rectangular array

NVIDIA Researc h



: : »,
Cylindrical panoramas <3
NVIDIA

k"What if you want a 360 panorama?

y-

X

" Project each image onto a cylinder
" A cylindrical image is a rectangular array

" To view without distortion

I reproject a portion of the cylinder onto a picture plane
representing the display screen

NVIDIA Researc h



ISplay
FOV

Imagine photographing the inside of a cylinder that is
wallpapered with this panorama
k" if your FOV is narrow, your photo wonOt be too distorted

NVIDIA Researc h
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Demo hip - i (Z
NVIDIA

Original Image

Project |




A pencil of rays contains all views TS%A

real synthetic
camera T e

~
/%
AN

Can generate any synthetic camera view
as long as it has the same center of projection !
wonreseasn | aNd SCE@NE geometry does not matter !



. <>
Changing camera center m,%A

k" Does it still work? synthetic PP




| <X
Where to rotate? Nodal point? nf",%A

" http://www.reallyrightstuff.com/pano/index.html

Canon 20D camera
with Really Right
Stuff B20D-L, PCL-1
panning clamp, &
MPR-CL nodal slide

Note how nodal
slide has been used
to shift camera
backwards so that
optical center of
lens can sit atop
the axis of rotation
(in this case, the
center of the
panning clamp)

If you aim a ray at one of the
nodal points, it will be refracted
by the lens so it appears to
have come from the other,

and with the same angle with
respect to the optical axis

NVIDIA Research




Rotate around center of lens perspective ff%m

" Many instructions say rotate around
the nodal point
¥ wrong!
http://toothwalker.org/optics/
misconceptions.html#m6

" Correct: the entrance pupll

¥ the optical image of the physical aperture
stop as 'seen’' through the front of the lens

¥ due to the magnifying effect of the front
lens, the entrance pupil's location is
nearer than that of the physical aperture

NVIDIA Research



Test for
parallax

éndr

o U®

\
h J

Figure 3. Configuration to reveal the presence or absence of parallax. The subject is first placed at
the left side of the frame, and subsequently at the right side after rotation of the camera about a
vertical axis with the help of a panocramic tripod head.

& .n;-.ur.l;m\’_—_l“_\

g g
o

Figure 2. Diagram of a 135/2.8 lens with rotation axes through the front nadal point N and
entrance pupil E.

Q'_E http://toothwalker.org/optics/cop.html#stitching
F

ig. 5 ig. 4



Correct center of rotation ! no parallax >

NVIDIA

Figure 4. Rotation about an axis through the entrance pupil

-

Figure 5. Rotation about an axis through the front nodal point.



Assembling the panorama E,%A

®'Stitch pairs together, blend, then crop

IIIIIIIIIIIIII



Problem: Drift <3

NVIDIA

" Vertical Error accumulation
" small (vertical) errors accumulate over time
" apply correction so that sum = 0 (for 360j panorama)

" Horizontal Error accumulation
" can reuse first/last image to find the right panorama radi us

NVIDIA Research



Spherical projection <X

NVIDIA

" Map 3D point (X,Y,Z) onto sphere

" Convert to spherical image
coordinates

NVIDIA Researc h



Spherical Projection

NVIDIAR

eeeeee

1‘(/‘3_
:..

<3

NVIDIA



Registration in practice: tracking ff,%A

3

"#$%&'()*$+

Current location

NVIDIA Researc h



Viewfinder alignment for tracking f:zm

- lll;—a\_‘_‘hmmnﬂ ’

Andrew Adams, Natasha Gelfand, Kari Pulli
Viewfinder Alignment
NVIDIA Resefiqyrographics 2008 http://graphics.stanford.edu/papers/viewfinderalignment/




Project gradients along columns and rows E%A

'I(\' W\ \ \\ \

4

M\\\ \ ,';




| diagonal gradients along diagonals ! rf,,zm




| and find corners <3

NVIDIA.

NVIDIA Researc h



Overlap and match the gradient projections <3
: . NVIDIA
and determine translation




Apply the best translation to corners <

NVIDIA.
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Match corners, refine translation &

rotation

AN
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b
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NVIDIA.



System Overview >

nvibiA
I"#$%&' () *$+ : _
- &1$+%012%3&
4%)-$+
Current location Panorama
expansion

NVIDIA Research



System Overview >

nVviDIA

I"H$%& () *$+

,"-.&/$+%012%3&
4%)-$+

NVIDIA Researc h



System overview A

I"H$%& () *$+

. | -
. &/$+%012%3&
4%)-$+

NVIDIA Research
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System overview oyt

I"H$%& () *$+

,"-.&/$+%012%3&
4%)-$+

Photo by Marius Tico

NVIDIA Research



PN biock <X
E! " NVIDIA
XIS

Input texture

B1 B2 B1 | | | B2 BL | % | B2
Random placement Neighboring blocks Minimal error
of blocks constrained by overlap boundary cut
’ e — - N N NS b
AL DOV
NT o *‘q, 0 Pill'hqif
LZ A IS
PINRE bot
N3P 028N o
AR AR

TS e antial |
LRI
AR



Minimal error boundary with DP <3

NVIDIA.

overlapping blocks vertical boundary

min. error boundary




DP to find seams for panoramas <3
NVIDIA

Source images Overlapping area Optimal path

I

Error surf cumulative

2 Overlapping area in the current composite image
BUError surface  PYERTKEIEOE
Overlapping area in the current source image

" Cumulative minimum error surface
E(w,h) =e(w,h) +min(E(w! Lh! 1),E(w,h! 1),E(w+1h! 1))

Yingen Xiong, Kari Pulli
Fast image labelling for producing high resolution panoramic images and its applications on mobile devices
ISM 2009: Proceedings of The IEEE International Symposium on Multimedia, 2009.

NVIDIA Research



Seam finding gets difficult when colors differ <3

NVIDIA.

k" Assume that the same surface has the same color

" may not hold with independent images
k" lighting, exposure, white-balance, !

NVIDIA Research N B
Y. Xiong, K. Pulli, OFast Panorama Stitching on Mobile DevicesOCICE 2010



System Overview <3

nVviDIA

I"H$%& () *$+

Photo by Marius Tico

NVIDIA Research



Problems with setting the camera <3
nvibiA

exposure level

k" Under-exposed ® Over-exposed
" Highlight details captured ® Highlight details lost
" Shadow details lost ®» Shadow details captured

NVIDIA Researc h
49



Dynamic range >

NVIDIA

k" Eye can adapt from ~ 10 °to 108 cd/m?

k"Sometimes 1 : 100,000 in a scene

-4 . e e . G

star light moon light office light day light search light
I I I | [ [ | I I [ [ [ I I —
10° 102 10° 10! 102 104 108

Shadows Highlights Higge DynamkdRagge
"Without adaptation eye can handle about 1 : 10000

I Scotopic Mesopic  Photopic
k" Even 1 : 1000 easily enough for scenes with non-specular reflectance
" Most displays can handle less than 1 : 100

Range off TyaidahDisglaksys: | |,
NVIDIA Researc h from ~1 tO ~1OO Cd/rn2 O 255



How humans deal with dynamic range ,f,%A

k"We're sensitive to contrast (multiplicative)

k" A ratio of 1:2 is perceived as the same contrast il Bl
as a ratio of 100 to 200
" Use the log domain as much as possible
~6 mrr:
" Dynamic adaptation (very local in retina) Pupil dilates
k" Pupil (not so important) More light enters the eye
" Neural & chemical Area ratio
k" can adapt ~ 10 10 ~16:1
Bright Light
" Transmit the signal to brain
" only 103D 10
" spatial contrast-based S

processing already in the eye Pupil constricts

NVIDIA Research Less light enters the eye



Cone and Rod Response <3

NVIDIA.

)
cone rod %om cone
iﬂ'ma GGQ.M 584nm

Relative Absorbance

Wavelength -~ nm Dowling, 1987

NVIDIA Researc h



Perceptually Based Tone Mapping for Low-Light Conditions

Adam G. Kirk James F. O’Brien

I\/l e S O p I C VI S I O n University of California, Berkeley

"3 cones + 1 rod map
to 3 signals from eye
to visual cortex

mages copyright Adam Kirk and James O’Brien.

Figure 4: Left: An HDR night scene with no tone mapping featur-

ing UC Berkeley’s Sather Tower. Right: The image has been tone

mapped for low-light conditions. Artifacts on the clock face 0CCUT s copyright Adam Kirk and James O Brien.

because the hands moved during image acquisition. _ure 6: Top: An HDR image of the Fremont Troll with ne tone
NVIDIA Research

wapping. Bottom: The image has been tone mapped for low-light
onditions.,



Multiple exposure photography <3

NVIDIA

High dynamic range

Real world | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | |
| | | | | | |

L
Low contrast

Picture

IIIIIIIIIIIIII



Multiple exposure photography <3

NVIDIA

High dynamic range

Real world | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | |

Picture

Low contrast




Multiple exposure photography <3

nVviDIA

High dynamic range

Real world | | | |

Picture

NVIDIA Researc h



Multiple exposure photography <3

nVviDIA

High dynamic range

Real world | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | |

Picture

NVIDIA Researc h



Multiple exposure photography

Real world | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ |

Picture

NVIDIAR

eeeeee

High dynamic range

<3

nVviDIA




Multiple exposure photography <3

NVIDIA

High dynamic range

/

Picture -

Low contrast

Real world |

. -

NVIDIA Researc h



Early HDR photos: Gustave Le Gray (~1850) <3

NVIDIA

" Take two shots
" one for the sky b direct light
" one for the rest D reflected light
" cut and paste the negatives, and develop




=
NVIDIA

HP Robinson (1858) Fading Away, 5 negatives
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Camera Response Curve e

Pixel value

log Exposure

NVIDIA Researc h



Response Curve Calibration rf,%m
[Debevec & Malik 97]

¥ 1 ¥ 1 ¥ ]

¥ 2 B 2 fﬁﬁ
¥B ¥8 %
#t = #t= #ht =

1/64 sec 1/16 sec 1/4 sec 1 s&c

Pixel Value Z = f ( Exposure )

Exposure = Radiance * #t
In Exposure =In Radiance + In #t



Pixel value

Adjust exposure to find a
smooth response curve

Assumingthe same After adjusting radiances to
exposure for each pixel obtain a smooth response curve
3 » """"" T
5

In Exposure In Exposure



The Math

¥ |Letf be the response functiofj = f(Ri / tj)

¥ | et g be the logarithm of the inverse response functi
g(Zj) =InfXZij)=In R + In !t

¥ Solve the overdetermined linear system:

P'unknownkRi, g( )

N P Zna

" @nR+Intt " gz)%+! ' 92

=1 =1 Z=2 in
N / N J
Y V
fitting term smoothness term




Matlab code

%

% gsolve.m ! Solve for imaging system response function
%

% Given a set of pixel values observed for several pixels

% in several images with different exposure times, this

% function returns the imaging systemOs response function
% g as well as the log film irradiance values for the

% observed pixels.

%

% Assumes:

%

% Zmin = 0

% Zmax = 255

%

% Arguments:

%

% Z(i,)) is the pixel values of pixel location number |
% in image j

% B(j) is the log delta t, or log shutter-speed, for

% image | | is lamdba, the constant that

% determines the amount of smoothness

% w(z) is the weighting function value for pixel value z
%

% Returns:

%

% g(z) is the log exposure corresponding to pixel value z
% IE-(i ) is the log film irradiance at pixel location

%

function [g,IE] = gsolve (Z,B,l,w)

n = 256;

A = zeros(size(Z,1)*size(Z,2)+n+1,n+size(Z,1));
b = zeros(size(A,1),1);

%% Include the data I fitting equations
k=1;
for i =1lisize(Z,1)
for j=1:size(Z,2)
wij = w(Z(i,j)*1);
AKZ — (i,)*+1) = wij;
A(k,n+i) - = I wij;
b(k,1) = wij*B(ij);
k=k+1;
end
end

%% Fix the curve by setting its middle value to.0
A(k,129) = 1;
K=k+1;

%% Include the smoothness equations
for  1=1lin!2
Alk,i) = PFw(i+1);

Alk,i+1) = F2**w(i+1);
A(k,i+2) = *w(i+1);
k=k+1;

end

%% Solve the system using SVD
X = A\b;

g =x(1:n);

IE = x(n+1:size(x,1));



Results: Digital Camera

Kodak DCS460
Recovered response

curve

1/30to 30 sec

—_

S Loy -—

Pixel value

log Exposure



Reconstructed radiance map

68



Tone mapping Is not easy



Tone mapping Is not easy



Tone mapping Is not new



Early painters couldnOt handle HDR



Go for global contrast



| eonardo invents Chiaroscuro



Caravaggio



Ansel Adams



Dodging and burning



78
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Contrast reduction Iin the digital world




Naeve: Gamma compression

Gamma




Gamma encoding



Gamma compression on intensity

m Gamma on intensity




Let highlights
saturate



Simple global operator (Reinhard et al.)

display

world

1+L

world




The same in log L
closer to brightness perception



Local tonemapping
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Histogram adjustment [Ward et al. 1997]



Equalization vs. adjustment



Oppenheim 1968, Chiu et al. 1993

Reduce low frequency




Contrast sensitivity function



Contrast sensitivity function



The halo nightmare

Reduce low frequency

Y/

April 15, 2014 Kari Pulli | NRC © 2008




Durand & Dorsey 2002: Bilateral filtering
intensity

Intensity Large scale Red Large scale
educe
contrast
Fast Detail
Bilateral Preserve!

Filter

Color

il




Exposure Fusion: Simplified HDR



Weights from the paper
I




The Laplacian pyramid



Multi-resolution fusion






Reference Frame
Selection

Consistency Detection

HDR Generation

Poisson Blending






























HDR video












LDR Image processing
= asking for trouble



Image processing example: motion blur

117



Capturing and Viewing
Gigapixel Images



BIG






Wide



Deep



Capture



Capturing Gigapixel Images



























Radiometric Alignment



Radiometric Alignment



Radiometric Alignment



Radiometric Alignment



Tile Pyramid



