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image plane

perspective
lens
scene point

hyperboloid
near focus

(Rees 70, Yamazawa 93)
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Field of View

Single Mirror Systems

image plane

telecentric
lens

paraboloid

scene point
O

(Nayar 97)
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Flexibility: Resolution vs. FOV

180
ACM SIGGRAPH 2000, Course Notes
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Optical Folding

>
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Compression due to Primary Mirror :
Conic Constant f
) (1+k,) sin 8

tan fd = —f/————
24—k, +(1—k,)cos &

cccozocood bocoo—@

Compression due to Primary Mirror :

"""""j‘

Conic Cons‘ran‘r}‘(l
(I+k,)sin &

,» +(I1—k,)cos &
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Urbie : Tactical Mobile Robot

: JPL , IS Robotics , CMU , Columbia , CycloVision
Sponsor : DARPA TMR Project

ACM SIGGRAPH 2000, Course Notes

Deployable Omnicameras

PASSIVE CYCLOPS ACTIVE CYCLOPS

COLLABORATION: COLUMBIA (OPTICS AND IMAGING) AND CMU (MECHANICS - SCHEMPF GROUP)
ACM SIGGRAPH 2000, Course Notes
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ParaRover
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360 Sheet Camera Rotation

ACM SIGGRAPH 2000, Course Notes

360 x 360 Spherical Mosaic

ACM SIGGRAPH 2000, Course Notes
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360—Sliee

Left Panorama
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Stereoscopic Panorama

ACM SIGGRAPH 2000, Course Notes

Problem of Dynamic Range

( Mitsunaga & Nayar 99)

8-bit Images and the Real World

Image M, Image M,
(High exposure) (Low exposure)

ACM SIGGRAPH 2000, Course Notes
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ca
— radiance =————— padiance

—Photo | Tmage Image . Film
Formation = Exposure Film Development

Response Function from Images : Previous Work

Mann and Picard (95):

+ Restrictive Model for f: M=o+ T g

+ Precisely Known Exposures

Debevec and Malik (97):

+ General Model for f : Only Smoothness Constraint

+ Precisely Known Exposures

Goal : Rough Exposure Ratios and Noisy Images

ACM SIGGRAPH 2000, Course Notes
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Response Function : General Characteristics

Some Popular Imaging Systems :

1

KODAK VISION 250D (FILM) ngh Or‘der‘ Po'ynomlal *
FUJICOLOR F64D (FILM)
FUJICHROME VELVIA (FILM)
AGFACHROME RSX200 (FILM)
CCANON OPTURA (VIDEO)
SONY DXC950 (y = 1) (VIDEO)

Scene Radiance Image Brightness

- f is semi-monotonic

+ £ is smooth
ACM SIGGRAPH 2000, Course Notes

Self Calibration Algorithm

(Mitsunaga and Nayar 98)

Radiance Ratio: . = i = R (exposure ratio)

200 "M Pq+l

>

o-1 P N N
Objective Function : e= 22[2 M, R, . Z(:”M,,_W”]

g=1 p=1L n=0 n=0

TN

Iterative Algorithm : ratios R ., coeff ¢

Images: ¢=12,..Q
\_/ Pixels: p=1,2,

18



Self Calibration Algorithm : Flow Chart

Initialize {Rqq+1}

EStima
Update { Rgq+ }

Converged?

ACM SIGGRAPH 2000, Course Notes

100 Tests with Noisy Synthetic Images

Actual Exposure Ratios: 0.45 < R < 0.55
Initial Ratio Guess: R = 0.5

Solid : Computed Response Function
Dots : Actual Response Function

ACM SIGGRAPH 2000, Course Notes
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Results : Adobe Room

Captured images

A& L& A ,i.

1

058 '

0.6 %

0.4 -' e
0.2 i i .

0
0 02 04 06 08 1
M

Computed response function Computed radiance image

ACM SIGGRAPH 2000, Course Notes

Results : Taos Clay Oven

Captured images

Computed response function Computed radiance image

ACM SIGGRAPH 2000, Course Notes
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High Dynamic Range from Single Image

(N & Mitsunaga 00 )
- Spatially Varied Exposure (SVE) Camera

Mask

Incident lowlb :
light ow D-range Image High/ D-range

Sensor processing image

1
NN NN
AR
NN NN
N
[N
N
[N NN NN

N
[ . NN
N
[ NN NN

- " a RN

4 different iﬂﬂﬂﬂﬂ
exposures EEEEmEEENE
EN RN NN EENNENNNEN
I

Mask Pattern

Characteristics

Conventional Camer SVE Came
Dynamic Range ' DR,,, =20log Iy

min min emin

K-l p
G ay Levels - O =(1+ZRoun(1(((1—l)—(q—l)i)
k=0 ()1_1

ACM SIGGRAPH 2000, Course Notes
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High Dynamic Range Image Reconstruction

Exposure Normalized Image

A\

\

\
\
\

ACM SIGGRAPH 2000, Course Notes

8-Bit Images with Different Exposures

Exposure: 16 T Exposure: 64 T

22



Spatially Varying Exposure (SVE) Image

ACM SIGGRAPH 2000, Course Notes

Computed High Dynamic Range Image

ACM SIGGRAPH 2000, Course Notes
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Summary

- Bigger Images and Clearer Images

+ General Approach :

_ new visual
optics | | sensor | | compute

information

ACM SIGGRAPH 2000, Course Notes
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The End
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