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Lecture-3

Camera Model
Camera Calibration

Camera Model

h
ZX

h GWRPCRC qf --=

• Camera is at the origin of the world
coordinates first
• Then translated (G),
• then rotated around Z axis in counter
clockwise direction,
• then rotated again around X in
counter clockwise direction, and
• then translated by C.
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Camera Model
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Camera Model

0

0

4443424124232221

4443424114131211

=----+++

=----+++

yaZyaYyaXyaaZaYaXa

xaZxaYxaXxaaZaYaXa

0

0

0

0

0

0

4443424124232221

24422432242224124223222221

14411431142114124123122121

4443424114131211

24422432242224114213212211

14411431142114114113112111

=----+++

=----+++

=----+++

=----+++

=----+++

=----+++

nnnnnnnnnn

nnnnnnnnnn

yayZayYayXaaZaYaXa

yayZayYayXaaZaYaXa

yayZayYayXaaZaYaXa

xaxZaxYaxXaaZaYaXa

xaxZaxYaxXaaZaYaXa

xaxZaxYaxXaaZaYaXa

M

M

One point

n points
2n equations, 
12 unknowns

Camera Model

˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙

˚

˘

Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í

Î

È

=

˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙

˚

˘

Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í

Î

È

˙
˙
˙
˙
˙
˙
˙
˙
˙
˙
˙

˚

˘

Í
Í
Í
Í
Í
Í
Í
Í
Í
Í
Í

Î

È

----

----

----

----

----

----

0

0

0

0

0

0

0

0

0

0

0

0

10000

10000

10000

00001

00001

00001

44

43

42

41

24

23

22

21

14

13

12

11

2222222222

1111111111

2222222222

1111111111

a

a

a

a

a

a

a

a

a

a

a

a

yXyXyXyZYX

yZyXyXyZYX

yZyXyXyZYX

xZxYxXxZYX

xXxXxXxZYX

xZxYxXxZYX

nnnnnnnnnn

nnnnnnnnnn

M

M

0=CP



5

Camera Model
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Camera Parameters
• Extrinsic parameters

– Parameters that define the location and orientation of
the camera reference frame with respect to a known
world reference frame

• 3-D translation vector
• A 3 by 3 rotation matrix

• Intrinsic parameters
– Parameters necessary to link the pixel coordinates of

an image point with the corresponding coordinates in
the camera reference frame

• Perspective projection
• Transformation between camera frame coordinates and pixel

coordinates
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Camera Model Revisited:
Rotation & Translation
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Camera Model Revisited:
Perspective
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Camera Model Revisited: Image and Camera
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Camera Model Revisited
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Camera Model Revisited
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Equation 6.18, pp 134

fx effective focal length  expressed in 
effective horizontal pixel size

Computing Camera Parameters
• Using known 3-D points and corresponding image points,

estimate camera matrix employing pseudo inverse method
of section 1.6 (Fundamental of Computer Vision).

• Compute camera parameters by relating camera matrix
with estimated camera matrix.
– Extrinsic

• Translation
• Rotation

– Intrinsic
• Horizontal and vertical focal lengths
• Translation ox and oy
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Comparison
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Computing Camera Parameters:
estimating third row of rotation
matrix and translation in depth
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Computing Camera Parameters:
origin of image
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Computing Camera Parameters:
vertical and horizontal focal
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Computing Camera Parameters:
remaining rotation and translation

parameters
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686.2582914.112747.131132.

943.27401879.15879.17237.

M

Camera location: intersection of California 
and Mason streets, at an elevation of 435 feet
above sea level. The camera was oriented 
at an angle of 80 above the horizon. fsx=495, 
fsy=560.
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83.29700435.10520.175451.

M

Camera location: at an elevation of 1200 feet
above sea level. The camera was oriented 
at an angle of 40 above the horizon. fsx=876, 
fsy=999.


