Cameras

* First photograph due to Niepce
e First on record shown in the book - 1822

e Basic abstraction 1s the pinhole camera
— lenses required to ensure image 1s not too dark

— various other abstractions can be applied
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Image Formation

e Optics (geometry)

* Photometry (physics)
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[.a ““camera ottica”

e Conosciuta sin dall’antichita’ (Aristotele ne
accenna I’esistenza nel 330 a.C.), e’ 1’antenato
della moderna macchina fotografica
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Camere oscure negli USA
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Camera Obscura, Reinerus Gemma-
Frisius, 1544

illum 1n tabula per radios Solis, quam in ceelo contin-
git:hoc eft,fi in ceelo fuperior pars deliquiii patiatur,in
radiis apparcbit inferior deficere,vt ratio exigitoptica.
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Sic nos exaéte Anno .1544 . Louanii eclipfim Solis
obferuauimus , inuenimusq; deficere pauld plus g dex-

Computer Vision - A Modern Approach
Set: Cameras
Slides by D.A. Forsyth



Camera Obscura, Athanasius Kircher,
1646
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CAMERA OBSCURA
SAN FRANCISCO

1096 POINT LOBOS, SAN FRANCISCO, CA 94121, Tel: (415) 750-0415

Seal Rock area

L History
magnified The Camera Obscura is
the last remaining structure
of the World Famous
Playland at the Beach.
Built by Floyd Jennings in
1946. It was built with the
permission of George K,
Whitney Sr., then owner
of the Cliff House, Sutro
Baths and Playland. Mr.
Whitney later suggested,
to making it look like a
Camera, hence the name
Giant Camera. This rare
attraction is in keeping
with Sutro's plan for
recreational activities at
Point Lobos. This structure
provides scenic panoramic
views,so spectacular with
vivid colors. Making it a fun
and leaming experience.

the ‘dark room'. Today it is
not quite known, when and
by whom exactly the
Camera Obscura was in-

e Camera oscura a T

light waves travel in
straight lines and he tried

e San Francisco e repy e

then and end of the
15th. century is obscure. The

Vinci and others, probably
from around the late 15th.
century. He was most likely

not the only one, because Rotating on top of the camers Walk through this
around 1490 John Baptista in the copper pyramid is a optical instrument,
della Porta revealed the rl‘l?‘hsurhce coated mirror of which produces 360
henomena book called igh brilliance which reflect degrees pectaculal
g‘llmrll Mlni:'. While it an image through the cond':sl:q A3 3 1

to th & t of lenses mounted horizontally Live Images of the Sea
";":5 o .:’;f““*g:e" o directly beneath the mirror. Rock Area. Magnified
those sc rs, other e The condensing lenses are simple Seven Times on a Six
condemned it as an inventon plano-convex lenses mounted ic T

g 3 in foot Parabolic Table.

of the devil. opposition to each other. They .
In the following centuries, focus the un-focused image from Sow y ou can sxpeisncs
the Camera Obscura became the mirror at a specific distance. this Special Effect.
a wonderful tool for artists in :l_nl case 12'. The lens size You will be truly amazed,
and astronomers. Artists, ;Tned ::dl,:’_" lens apacture ia the Images standing up
such as Vermeer, used the and coming at you.After

eimamants for el paamt: EXPERIENCE THE CAMERA OBSCURA EFFECT i you wil want to leam

ings and portrait drawings. the CAMERA OBSCURA.
This rare optical devce, shows you SEAL ROCK AREA in a new way. )3 y Y_ou will g:'::lﬂns Y:Uf
It produces a spectacular LIVE IMAGE magnified seven times ~a s friends. Dont miss it.

The Giant Camera Is now a National Landm ark,and is on the National Register of Historic Places. Now, you can share this Treasure
box with your family and friends. You have been exposed to the Camera Obscura Effect. Tell everyone to visit today.

The Camera is Always open from 11:00 am. 'til sunset on beautiful days, and probably a little bit shorter on other
- days. To make sure, give us a call at (415) 750-0415.

General Admission - TWO DOLLARS EACH SUNSETS~Obsene the sun with safety and amusement. See sunspots,
solar flares and such phenomena as the GREEN FLASH.
Seniors 65 and up - ONE DOLLAR EACH The sunsets are spectacular and should be seen by everyone.

CHILDREN 12 and under- ONE DOLLAR EACH Y OU can forwgrd more information to your family and friends
http://www_giantcamera.com

Con
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Camere oscure nel mondo ...
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... e 1n Italia (Rocca di Sanvitale,
Fontanellato, Parma

p
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image
plane

Pinhole cameras

Pinhole cameras work 1n
practice

Abstract camera model - .
box with a small hole 1n it
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The equation of projection
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The equation of projection

e (Cartesian coordinates:

— We have, by similar
triangles, that
(X,y,z) > {x/z,{y/z, -1)
— Ignore the third coordinate,
and get

v,2) - (f=, f2)
Z Z
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Geometric properties of projection

Points go to points
Lines go to lines
Planes go to whole image

Polygons go to polygons
Degenerate cases

— line through focal point to
point

— plane through focal point to
line
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Polyhedra project to polygons

e (because lines project to
lines)

|

|
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Parallel lines converge
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Distant objects are smaller
j
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Orthographic projection
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Pinhole too big -
many directions are
averaged, blurring the
image

Pinhole too small-
diffraction effects blur
the image

Generally, pinhole
cameras are dark, because
a very small set of rays
from a particular point
hits the screen.
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The reason for lenses
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Thin lenses

|
|
|
L THIN
LENS
| *a
I
- e .
| OPTICAL
O e AXIS
+ —"
ki | e F,
- S ——— Y o .
I -
I
v
I
4-- ]14’ >
|
1

Computer Vision - A Modern Approach
Set: Cameras
Slides by D.A. Forsyth



-
Qepzmrecmescmccccccemcceseaccencsenanaa.
A b
., - ..
. Y T tma, .
: - AT ‘e
. e . Y
- - .
. - v -
- - .
. ‘e i.. LT
. . e, -
. - -
. - - v
- LY () .
. Y - -
. L) ey *a
- N Sex

1
py—p— y—————
.‘

| .
T PP EE TP [ STTEEPEPEEP PP RE [ EETTTPPPPREPPPRE X

Z::=j"2

Computer Vision - A Modern Approach
Set: Cameras
Slides by D.A. Forsyth

[ EEPRTPPERE RS



Basic radiometry

LIGHT SOURCE
\C)’/ CCD ARRAY

e, OPTICS

n

L(P.d)

SURFACE
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Image Irradiance E': the power of the light, per unit area
and at each point p of the image plane.

Scene Irradiance L: the power of light, per unit area,
ideally emitted by each point P of a surface in 3-D
space in a given direction d.

The Lambertian model for surface reflectance

L=ypI"n
where I is the direction and amount of incident light, n
is the normal to the Lambertian surface. p is a positive

constant called surface’s albedo, which characterizes the
surface’s material.
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Cameras

+ Basic process:
— photons hit a detector
— the detector becomes charged

— the charge is read out as
brightness

« Sensor types:

— CCD (charge-coupled device)
* most common
+ high sensitivity
* high power
« cannot be individually
addressed

+ blooming
- CMOS
+ simple to fabricate (cheap)
« lower sensitivity, lower power
* can be individually addressed
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Digital images
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