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Recap
Estimation of Camera Parameters

Relation between camera and image 
coordinates

Estimate rij,ti,ox,oy,fx,fy.
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Recap
Estimation of Camera Parameters

Given corresponding world and image points 
Divide (A) to (B), rearrange result

087654321 =−−−−+++ vyvZyvYyvXyvxvZxvYxvXx iiiiiiiiiiiiii (C)
xy tvrvrvrvtvrvrvrv αααα ======== 81371261154233222211

Rearrange into matrix and solve using SVD
Estimate scale factor r2i and ty are there!!
Compute α similar to scale factor
Compute r3i from r1i and r2i .
Estimate fx , fy and tz .

Finally compute ox and oy from other knowns

Recap
Rotation around arbitrary axis
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Recap
Rotation around arbitrary axis

( ) ( )( ))(cos1sin VnnVnVV ××−+×+=′ θθ
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General

Binary
Gray Scale
Color 

Binary Images

0: Black
1: White p

q
X

Y
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Gray Level Image

10 5 9

100

Gray Scale Image
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Color Image
Red, Green, Blue Channels

Image Histogram
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Image Noise

Light Variations
Camera Electronics
Surface Reflectance
Lens

Image Noise

I(x,y) : the true pixel values 
n(x,y) : the noise at pixel (x,y)
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Gaussian Noise
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Salt & Pepper Noise

p is uniformly distributed 
random variable
l is threshold
smin and smin are constant
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Image Derivatives & Averages

Definitions

Derivative: Rate of change 
– Speed is a rate of change of a distance
– Acceleration is a rate of change of speed

Average (Mean)
– Dividing the sum of N values by N
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Derivative

xx fxf
x

xxfxf
dx
df

=′=
∆

∆−−
= →∆ )()()(lim 0

onaccelerati       speed  
dt
dva

dt
dsv ==

Examples

3

42

42 xx
dx
dy

xxy

+=

+=

x

x

ex
dx
dy

exy

−

−

−+=

+=

)1(cos

sin



11

Discrete Derivative
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Discrete Derivative
Finite Difference
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Example
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Derivative Masks

Backward difference

Forward difference

Central difference

[-1   1]

[1   -1]

[-1   0  1]

Derivatives in 2 Dimensions
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Derivatives of Images
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Derivatives of Images
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Convolution
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Gaussian Filter
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Properties of Gaussian

Most common natural model
Smooth function, it has infinite number of 
derivatives
Fourier Transform of Gaussian is Gaussian.
Convolution of a  Gaussian with itself is a 
Gaussian.
There are cells in eye that perform Gaussian 
filtering.


