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Recall camera projection matrix:
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GCAMERA GEOMETRY

Camera

_ Origin at camera

x
.' X., Where is origin?

- Ground plane

Recall camera projection matrix:

i -k

2D image (pix) 3D world (metric)

_U1 X1
— K|y, =] =X,
1] |z
0
K v, |=
1




WORLD CUORDINA TE

Camera 4

Recall camera projection matrix:

u
Alv]= K X
Q(% """"" kSD world 1

Origin at world coordinate 2D 'Mage (pix) - 3D world (metric)

Ground plane
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2D rotation




POINT ROTATION

2D rotation

___________ . Xy | _|cos@ —sing | x
, i .| |sin@ cosé |y




COORDINATE TRANSFORM (ROTATION)

2D coordinate transform:
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COORDINATE TRANSFORM (ROTATION)

2D coordinate transform:

A

X=(x,y)

Xc | | cos@ sin@ || x

Yo | |-sing cos@| y
Coordinate transformation:
Inverse of point rotation
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2D coordinate transform:
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COORDINATE TRANSFORM (ROTATION)

2D coordinate transform:
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COORDINATE TRANSFORM (ROTATION)

2D coordinate transform:

A
X=(xy)
"""" A M
) ~  Camera Yol LSindly y
v X M
0 5
World N x axis of camera seen from the world

I .y axis of camera seen from the world



COORDINATE TRANSFORM (ROTATION)

2D coordinate transform:

I .
‘ World h+x axis of world seen from the camera
f .y axis of world seen from the camera
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COORDINATE TRANSFORM (ROTATION)

Camera Coordinate transformation from world to camera:

Fa To K
~C
I PR X= RWX

Origin at world coordinate
Ground plane




CAMERA PROJECTION (PURE ROTATION)

Camera T4 Coordinate transformation from world to camera:

Lo }xc R, X

Camera projection of world point:

ik

% world y axis seen
7 from the camera
Caorera
I |d x axi N
World" world x axis see
from the camera

coord



CAMERA PROJECTION (PURE ROTATION)

Camera T4 Coordinate transformation from world to camera:

Lo }xc R, X

Camera projection of world point:

g

S<OX

N

(]

\\r2:WO|’|daniS Seen o he hs || X

7 from the camera - Ko ny hy nallY

Caoreta nor, L4
roworld x axi N
World" orld x axis see

from the camera
coord



EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

Camera 4

Ground plane

% X=(xy.2)

World
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EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

2D coordinate transform:

A

X=(x,y)

Xc | | cos@ sin@ || x

Yo | |-sing cos@| y
Coordinate transformation:
Inverse of point rotation




EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

2D coordinate transform:

A
X=(xJ)
------------ . Xe | | cos@ sin@ || x
Yo | |-sin@ cosé || y
T S
World
® Xc :(Xc’yc)
Translation

Camera



EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

2D coordinate transform:

A

e = ) {XC} {0086’ Siné’}m H

. _ +

\ \ Yo | |—sin@ cos@| y| |,
\0 I >

N
A N orld \ N ,
N { } : the location of world
S N ") coordinate seen from
Translation ~ N camera coord.
B

L, Camera




EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

Camera

CRW,tC

Origin at world coordinate

Ground plane
XC = (XoinJZC)

—————
_______

Camera "
World



EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

Camera Coordinate transformation from world to camera:

CRW,tC

X, ="R,X+°t

where °t is the world orgin seen from

Ground plane Cdmefa.
XC = (XoinJZC)

_____ X=(x,y,2)

—————
_______

°t

Camera "
World



EUCLIDEAN TRANSFORM (ROTATION+ TRANSLATION)

Camera Coordinate transformation from world to camera:

fa Te he biley
X, =R X+"t=\r, 1, r, t M

CRW,tC

<
<

o e s L

where °t is the world orgin seen from

Ground plane Cdmefa.
XC = (XoinJZC)

_____ X=(x,y,2)

—————
_______

°t

Camera "
World



GEOMETRIC INTERPRETATION

Camera s Coordinate transformation from world to camera:

CRW,tC

where °t is the world orgin seen from

Ground plane Camera.
Xo = (X6, Ve, 20) Rotate and then, translate.

_____ X=(x,y,2)

—————
_______

°t

Camera "
World



GEOMETRIC INTERPRETATION

CRW,tC

Camera

_____
_______

Ground plane

XC = (XoinJZC)

Camera "

World

Coordinate transformation from world to camera:

I8 I8 I8 t

x1 X2 X3 X X

e he ]
o 1

1 2 3 z

X, ="R,X+"t=

<>

~NOY

where °t is the world orgin seen from

camera.
Rotate and then, translate.

cf) Translate and then, rotate.

hi To hall 1 C, X
X, ="R,(X-C)=|r, r, r, 1 -C, L}
ly Ty I 1 'Cz

where C is the camera location seen from world.



CAMERA PROJECTION MATRIX

Camera s Coordinate transformation from world to camera:

CRW,tC ) 94 ‘
Y i ho hs 1

1l X
X, =R X+"t=\r, 1, r, t L}
ho 1,

1 2 3 tz

<>

>
A
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O
=
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o
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Camera projection of world point:

U X,

V= K Y.

1 7,
C

,\\\//'/ _/}w o I ZLz
Camera L'

World

Ground plane
XC:(XoinJZC) ﬂ/

X=(x,y,2)

—————
_______




INVERSE OF GAMERA PROJECTION MATRIX

Camera
A

\ u
/ ‘ ~\~‘~~§\.~\\
ﬂ X, ‘\*kBD world

Ground plane

u

Vv
1

:KXC
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INVERSE OF GAMERA PROJECTION MATRIX

Camera 4
C :
(1“““ 2’
VLT A(KR, ) utC 1

e,
| X “A 3D WOI’|d _K° (RWX 4C t):KCRW(X_C)

:KXC

Ground plane



INVERSE OF GAMERA PROJECTION MATRIX

Camera 4 u
Xg‘ ALV =KX,
\xy “‘~~~\\@(KCRW)_1U+C 1
X T 3D world _K° (RWX e t):KCRW(X—C)
u
Ground plane — xg(KCnW)[v}c
1

3D ray direction ?Bray origin



CHEIRALITY

Camera

Ground plane

=K°(R,X+°t)=KR,(X-C)

u
— X=2(KR, )1H+c

1
3D ray direction ?Bray origin

where 4>0



FuLL PERSPECTIVE MODEL

Perspective camera model:

orld )y [P0 Pe P by
AV :P|:1:|: Por Py P Doy L}
1

p31 '032 ,033 p34

A

Strong perspectiveness



AFFINE MODEL

Perspective camera model:

u X Py P Pz Py X
Alv|=P 1 =|Pay Py Py Poy

1
1 Py Ps Pyz Py

Affine camera model:

A

u w1 |Pr Pe Pa Pulry
v :PA 1 =1 Py Py Py Pog
1 0 0 0 1

H: P P Dig Pu m
_'021 'D22 '023 p23_

Strong perspectiveness



AFFINE MODEL

Camera Perspective camera model:

u X Py P Pg Py X
Alv|=P 1 =|Pay Py Py Poy

1
1 Py Ps Pyz Py

I

Affine camera model:

A

u w1 |Pr Pe Pa Pulry
v :PA 1 =1 Py Py Py Pog
1

o 0 0 1

A

H: P P Dig Pu m
_'D21 '022 p23 p23_

Weak perspectiveness — Strong perspectiveness



ORTHOGRAPHIC MODEL

Affine camera:;
H{pﬁ [ mﬂm
4 p21 1022 p23 p23 1

Orthographic camera:
f=1 p,=p, =0

|:U:|_{r11 UPRRLE: tx:|{x}
4 fyy Ty Iy T, |1



Camera Anatomy

Lens configuration (internal parameter)

| X

Spatial relationship between sensor and pinhole  Camera body configuration
(internal parameter) (extrinsic parameter)






Radial Distortion Model

Assumption: Lens distortion is a function of distance from the principal point.




Radial Distortion Model

Assumption: Lens distortion is a function of distance from the principal point.

udistorted = L(p ) uun distorted

where P = ”Hdistorted”

L(p)=1+kp° +k,0" +---




Radial Distortion Model

udistorted = L(p)ﬁundistorted
L(p)=1+kp* +k,p* +---







