UCMERCED

CSE 185 Introduction to Computer Vision
Lecture 2: Camera Model

Slides credit: Yuri Boykov, Ming-Hsuan Yang, Boqging Gong,
Richard Szeliski, Steve Seitz, Alyosha Efros, Fei-Fei Li, etc.



Why is the origin of the word camera?\

dIn Latin camera meant room, and usually a room with a vaulted
ceiling.
(JHow is camera related to a room?




Camera obscura (a.k.a dark room)
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From James Ayscough's A short account of the eye
and nature of vision (1755 fourth edition)



https://en.wikipedia.org/wiki/James_Ayscough

Let'S dESign d cdimera \

JPut a piece of film in front of an object
(JDo we get a reasonable image?

cbject filrm

S




P|nh0|e camerd \

(JAdd a barrier to block off most of the rays
A This reduce blurring
JThe opening known as the aperture
(JHow does this transform the image?

cbject barrier filrm
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Distant objects are smaller




Shrinking the aperture
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0.6mm 0.35 mm

JWhy not make the aperture as small as possible?
dLess light gets through
U Diffraction effect




Shrinking the aperture
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Light wave diffraction \

dDiffraction is the bending of waves around the corners of
an obstacle or through an aperture.

”silver lining” in clouds



The reason for lenses
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A lense focuses light onto a film \

abject lens filrm
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L confusion”
object distance (depth) image distance
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dThere is a specific depth at which objects are “in focus”
JOther points project to a “circle of confusion” in the image
dChanging image distance changes this depth



Focal |ength \

chbject lens film
more generally,

image plane
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O Lens’ focal length is image distance where objects at infinity appear in focus

U Focal length depends on lens’ construction (e.g. surface radius). Some
lenses may allow changing their focal length (typically, these are multi-lens
constructions)



Basic lens camera

image
plane lens

point
far away
(at infinity)

------------------------ S e
assuming image assuming object
distance equals distance is
focal length f infinity



Basic lens camera

image

the ray through lens center
e_
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point
far away

(at infinity)
------------------------ >

[eJ:;JCiC-Z f assuming object
J distance is
infinity



Basic lens camera \
image

plane lens
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point
far away

(at infinity)

assuming object
distance is
infinity



Basic lens camera \

image

point
far away
(at infinity)

------------------------ >
assuming object
distance is
infinity

focal
length f



Basic lens camera \

image
plane lens

< /\
[e]:qocff: f assuming object
I distance is
infinity



Basic lens camera \

image
plane lens

< /\
[e];ocff: f assuming object
I distance is
infinity



Basic camera model

image
plane —ens—
simplified
“pin hole” model

NOTE:

for pin hole camera model “focal length” (f) is defined as image distance (to the “hole”).
As mentioned earlier, focal length of a lens does not have to be equal to the image distance (to the lens).




Basic camera model: “pin hole” \

image “equivalent”

plane —lers— image plane
simplified I

“pin hole” model




Basic camera model: “pin hole” \

(virtual)
—lens— image plane
simplified I
“pin hole” model

camera’s
“‘optical center’”

or
“view point”

Simplified camera representation: image plane is drawn in front of the optical center.
We will use such “pin hole” camera model later in the course.



Projective Geometry (from 3D point to 2d Pixel)

Consider a simple example of so-called
camera-centered 3D world coordinate system (x,y,z):

| e

camera-centered A . . .
world coordinate [Vl for image pixels locations (2D)
system
u
C .
image
X coordinate Simplifying Assumptions

system

world coordinate system center (0,0,0) is at optical center C

x -y plane is parallel to the image plane

x and y axis parallel to u and v axis of the image coordinate system
axis z (called optical axis) intersects image at its coordinate center (0,0)




Projective Geometry (from 3D point to 2d Pixel)

First, consider arbitrary world point

inside x-z plane

camera-centered
world coordinate
system

£

X

(x,0,2z) = (f—, 0)

2z
“—~
/(Ex, 0,2) u-v

image-based
image coor.dina.tes .
coordinate of the projection point
system

It projects onto some image point/pixel (u,0) on axis u
(by construction, intersection of x-z plane with the image plane is axis u )



Projective Geometry (from 3D point to 2d Pixel)
For a general point (X,),z) in 3D

.

camera-centered A
world coordinate f ( (xyZ) u v
system u,v) .
U image-based
C . coordinates
'Mage f the projection point
X coordinate ° proj P

system

Simple observation: size of any 3D object image is inversely proportional to
object’s distance from the camera (z-coordinate value)




The eye

Ciliary body

Cornea

JThe human eye is a camera
lris - colored annulus with radial muscles
JPupil - the hole (aperture) whose size is controlled by iris
JWhat’s the film?



D|g|ta| camera \

A digital camera replaces film with a sensor array
(JEach cell in the array is a Charge Coupled Device (CCD)
dlight-sensitive diode that converts photons to electrons
J Complementary Metal Oxide on Silicon (CMOS) sensor
A CMOS is becoming more popular




Image sensing pipeline

Camcera
Irradiance

Optics 1  Apcriure | Shuttcr

Camera Body

- Sensor Gain A/D RAW
(CCD/CMOS) > (1SOy ™ ‘

Sensor chip

»  Demosaic —— (Sharpen)

| White . , . JPEG
== Gamma/’curve = Compress
Balance

DSP

A simple camera pipeline




Gray-scale image

157 {153 174 168 150 [1s2 |1 e [im2 fier foss fse

% 16 ICIE 0 {210 [100 154

190 {190 | s0 | va| | s 0] 3] 48 |res 158 [im

206 (109 | 5124 )i | |20 [204 |16 | 15 | 8 120

14 | @ 17 27 |29 |29 |28 |27 | w7 | v |

2% 25 214 20 2 2 o 172 | 108 207 [230 |20 | 214 |220 [299 |228 | 58 | 74 | 206
16 e | w8 1 188 |28 |2 1se [139 | 78| 0 re
19 | o7 165 | s 01| | m a2 2|

199 [168 |19 190 [1se | 227 178 [ 143 102 fres | 26 |1%0

26 155 252 [206 [2m |40 |70 |228 | a3 | 95 |2

30 {236 | 196 | 140 |236 197 | o5 [150 | 79 | 28 |20 |20

190 {224 | 147 100 {227 |20 |127 [102 | 36 100 |2ss |24

150 (24 [173 10a (143 | 96 | s0| 218 |2a 238

wr e f2s || 1| a| @] of ¢]|nr s |am

0 202 | 207 |48 o 12 |1ee [200 | 138 | 243 |23

195 |206 (123 {207 |17 1 |23 |20 [avs | 13 | s6 [20e

J Gray scale: 0-255
J Usually normalized between 0 and 1 (dividing by 255) and
convert it into a vector for processing



Color image
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Image as functions



