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FIGURE 2.3

center of the lens.

Gilare limit

Subjective brightness
Adaptation range——»

Scotopic
b -

Scotopic — Photopic
threshold P R R N
6 4 2 0 > 4

Log of intensity (mL)
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FIGURE 2.8 Examples of simultancous contrast. All the inner squares have the same in-
tensity, but they appear progressively darker as the background becomes lighter.
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Pinhole camera

+ Simplest possible camera
1. light tight box with hole
2. film

+ Rays are selected simply by occlusion

|

4

%

§

L

; |

;Z Worth a look

¢ www. kodak.com/ek/US/

£ /Pinhol mera.htm
Comell CS6640 Fall 2012 ~ . - L

“Focal” length

si/s0 = f/d
: 0

pinhole

film plane object

+ Double “focal length” leads to
image twice as large
one fourth as much illumination at image plane

= ron image: NRC Canada

Comell CS8640 Fall 2012
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Live ‘pueIng opgs4 Aq spHs

FOV depends of Focal Length

/]
-
{\ //
d - \@

L; T

Size of field of view governed by size of the camera retina:
a,0d
¢ =tan'(—)
2f

Smaller FOV = larger Focal Length

Changing FOV—uviewpoint constant

From London and Upton

S ——— -

Focal length & sensor

* What happens when the film is half the size? ‘ — -

* Application:
Real film is 36x24mm
— On the 10D, the sensor is 22.5 x 15.0 mm
Conversion factor on the 20D?
— On the SD500, it is 1/1.8 " (7.18 x 5.32 mm)
— What is the 7.7-23.Imm zoom on the SD500?

f d |

Film/ |

sensor |
pinhole seene.
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Effect of pinhole size

Photogtaph made with small pinhole
—_——— 1

?@u
5

Comel C$6640 Fall 2012 From Photography. London et al

Smaller pinhole is sharper ...to a point

2 mm Tmm
LUZ
OPTIC#

0.6mm 0.35 mm

O vaibunsaw 1) ZIeg 8AmIS 5By 8pIS

omell CS6640 Fall 2012

www. pedram-payvandy com

2015-12-16




Replacing pinholes with lenses

Comeil CS6640 Fall 2012 From Photography, London et al

Photograph made with small pinhole

Lenses

* Gather
more
light!

* But need
to be
focused

s
From Photography. London et al

LI ‘pueIng 0pss 4 AQ spils

More ingredients

+ Timed shutter
with a Ul for setting the duration of the exposure (“exposure time”)
+ Variable aperture
effective size of the hole through which light enters can be changed
with a Ul for setting the size (“aperture”)
+ Viewfinder

some way better than guessing
to tell what you are photographing

photo: Ken Rockwell

Comell C$6640 Fall 2012
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Live ‘pueing opas 4 Aq spiis

LI ‘pueIng opgi 4 AQ splE

Main effect of shutter speed
* Motion blur

Slow shutter speed

Fast shutter speed

Effect of shutter speed

* Freezing motion

Walking people Running people Car Fast train

Note: it doesn’t mean that shutter speed is proportional to the absolute speed of the
object. Object distance is very important, and a photographer often tracks the subject.

Aperture

Diameter of the lens opening (controlled by diaphragm)
Expressed as a fraction of focal length, in f-number
— /2.0 on a 50mm means that the aperture is  25mm

—1/2.0 on a 100mm means that the aperture 1s ~ 50mm

Worth a look: !
www.youtube.com/
watch?v=KmNIouLByJQ

Full aperture Medium aperture Stopped down

2015-12-16




Live ‘pueing opas 4 Aq spiis

LN pueing 0paJ4 Aq opys

Live ‘pueIng opgs4 Aq spHs

Depth of field

LESS DEPTH OF FIELD MORE DEPTH OF FIELD

From Photography. London et al

Sensitivity (ISO)

* Third variable for exposure
 Linear effect (200 ISO needs half the light as 100 ISO)
 Film photography: trade sensitivity for grain

b

o 2 A58 cuane s @ ASh s 0 454
Diiﬁtalap;llotographff‘ira(le sensitivity for noise

—Gain
Exposure

» Two main parameters:
—Aperture (in f stop) I )
—Shutter speed (in fraction of a second)

* Reciprocity

The same exposure is obtained
with an exposure twice as long o

and an aperture area half as big

156

-

e

From Photography. London et al

2015-12-16

10



Live ‘pueing opa 4 Aq spis

Lin ‘pueIng 0pss 4 AQ spils

L1 puing opa4 Aa sps

Reciprocity csain

+ Assume we know how much light we need
* We have the choice of an infinity of shutter speed/

aperture pairs ‘ ° o o o O Y

6 " " 23

2200
What will guide our choice of a shutter speed?
—Freeze motion vs. motion blur, camera shake
What will guide our choice of an aperture?
—Depth of field, diffraction limit
Often we must compromise
—Open more to enable faster speed (but shallow DoF)

000 Q0Q

n ] s W @3

2209200

From Photography. London et al

From Phiotography, Londoa et al

2015-12-16
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From Photography. London et al
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3-chip cameras

(Thes n) /
-
+ high-quality video cameras
s 5 S 2 A 5 . 5
§ + prism & dichroic mirrors splll the image into 3 colors,
P cach routed to a separate sensor (typically CCD)
13 A . z 3
£ 4+ no ||:.__:'hl ]nss. as (‘()mpurc(l 1o flllcrs (\\'hu‘h u|)sorl) ||ghl) | |
£ -
o expensive, and complicates lens design
www.pedram-payvandy.com 'y

+ |0ng('r \\';\\'elt‘nglln penetrate ([c('pel' mto silicon,

O W

k so arrange a set of vertically stacked detectors
g .
H * top gets mostly blue, middle gets green, bottom gets red
g X = : - :
5 * no control over spectral responses, so requires processing
£
g + fewer moiré artifacts than color filter arrays + demosaicing F
Shutposs bl works noiie peilorian s esnecully inblue
WWW.pedram-payvanay:com T
Color filter arrays
o
= [ ] & ‘
Bayer pattern Sony RGBE Kodak RGB4C |
ek o e e [
g * Why more green pixels than red or blue?
; * because green pixels come
H closest to measuring luminance |
1
2 * human eye cares lnusll\' about
g detailed luminance, not
H

so much for r])rnn\:\(i«‘i!.\' (St

2015-12-16

13



Example of Bayer mosaic image

Small fan at
Stanford women's

isom?r game

(Canon 1D IIT)

. projuers Kone e A

Example of Bayer mosaic image

¥ ploes on aien A spls

| plojueig hons oleyy 4q spits
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Demosaicing

+ linear interpolation

* average of the 4 nearest nuig,])l)m‘s of the same color

+ cameras typically use more complicated scheme ‘
* try to avoid interpolating across contrasty edges

* demosaicing is often combined with denoising, sharprning.“

+ due to demosaicing, 2/3 of your data is “made up”!

ﬁ % |
yBwa glo aljl b 5)lap pgei
/.
@ taminiion ) u
pede
e T e 0 Ftang . U P of g s ke ey e ety st~ /4‘
e Y
www.pedram-payvandy.com -y
5 jlw o5 (5)lap aigni
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Jlira pg=i yiulai

Our matrix is now
Of size
640X 480 x 3

\»
Now we need threess
separate matrices,|

one for each colout
Each matrix holds
values which represe

the corresponding
- colourin the image -

¢ %

www. pedram-payvandy.com

3

distant appearance  combination

: '.-E
color image

red pixels | blue pix r ‘1
|

red pixels green pixels blue pixels

.1 3 ;
red phosphor ﬂ v blue phosphor
A\
green

blu
intensity intensity
map map

Jlira pgei yiulai

FIGURE 2.19 An
ge exhibiting

L=2k

aturation is
the highest value

beyond which all N
intensity levels are
clipped (note how

b=NxMxk bits

the entire

intensity level).

WNoise in this ¢
appears as a g
texture pattern.
Noise, especially in
the darker regions
of an im:
the stem of th
rose) masks the
lowest detectable
true intensity level

¢

www. pedram-payvandy.com
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128x128 with 64 gray levels = 98,304bits=128KB

TABLE 2.1
Number of storage bits for various values of N and k.
Nk 1=2 20=4 3d=8 4WL=16 5(=3) 6(L=6) 7( =128 B( =25
kil 1024 2048 3072 4096 EAE) 6144 7168 8192
64 4096 8192 12288 16,384 20450 24576 28672 32768
16,384 32768 0152 81920 114,688 131072
131072 196,608 327,680 3903216 458752 524288

65,536

262,144 524288 786,432 1.310.720 1572864 1,835,008 2087152

6.291.456 7340032 8388608

5242880
20HTLEM 25065824 20368128 33554432
BE6080 100663296 117,440,512 217,728

1024 1.048.576 2007152 3145728
2048 4094504 S388608 12582912
1648 67108864

SN

496 16777216 33554432 S
S192 GTI08864 134217728 201326392 268435456 20 265318 469762048 536570912

e ¥
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[ FIGURE 2.23
Typical
Crowd isopreference
4 curves for the
\ three types of
images in
Fig.2.22.
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