
Course overview

1. Geometry

2. Low & Mid-level vision

3. High level vision



Course overview

1. Geometry

2. Low & Mid-level vision

3. High level vision

- How to extract 3d information? 
- Which cues are useful? 
- What are the mathematical tools?



Linear Algebra & Geometry 
why is linear algebra useful in computer vision?

Some of the slides in this lecture are courtesy 
to Prof. Octavia I. Camps, Penn State University

References:
-Any book on linear algebra!
-[HZ] – chapters 2, 4



Why is linear algebra useful in 
computer vision?

• Representation
– 3D points in the scene
– 2D points in the image

• Coordinates will be used to
– Perform geometrical transformations
– Associate  3D with 2D points

• Images are matrices of numbers
– Find properties of these numbers



Agenda

1. How did you like the movie? ☺
2. Basics definitions and properties
3. Geometrical transformations
4. Application: removing perspective 

distortion



P = [x,y,z]

Vectors (i.e., 2D or 3D vectors)

Image

3D world
p = [x,y]



Vectors (i.e., 2D vectors)
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Vector Addition
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Vector Subtraction
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Scalar Product
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Inner (dot) Product
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Orthonormal Basis
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Vector (cross) Product
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The cross product is a The cross product is a VECTOR!VECTOR!
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Vector Product Computation
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Matrices
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Example:

A and B must have the same dimensions!

Pixel’s intensity value



Matrices
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Matrices
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Matrices

Determinant:
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Matrices
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2D Geometrical Transformations



2D Translation
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2D Translation Equation
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2D Translation using Matrices
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Homogeneous Coordinates

• Multiply the coordinates by a non-zero 
scalar and add an extra coordinate equal to 
that scalar.  For example,
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Back to Cartesian Coordinates:

• Divide by the last coordinate and eliminate it. For 
example,
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• NOTE: in our example the scalar was 1



2D Translation using 
Homogeneous Coordinates
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Scaling
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Scaling Equation
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P

P’=S·P

P’’=T·P’

P’’=T · P’=T ·(S · P)=(T · S)·P = A · P

Scaling & Translating

P’’



Scaling & Translating
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Translating & Scaling 
= Scaling & Translating ?
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Rotation
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Rotation Equations

CounterCounter--clockwise rotation by an angle clockwise rotation by an angle θθ
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Degrees of Freedom

R is 2x2 R is 2x2 4 elements4 elements
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Rotation+ Scaling +Translation
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Transformation in 2D

-Isometries

-Similarities

-Affinity

-Projective



Transformation in 2D

Isometries:
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- Preserve distance (areas)
- 3 DOF
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Transformation in 2D

Similarities:
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Transformation in 2D

Affinities:
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Transformation in 2D

Affinities:
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-Preserve:
- Parallel lines
- Ratio of areas
- Ratio of lengths on 
collinear lines
- others…

-- 6 DOF



Transformation in 2D

Projective:
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- 8 DOF
- Preserve:

- cross ratio of 4 collinear points
- collinearity
- and a few others…



Transformation in 2D



Removing perspective distortion

HHpp

(rectification)





Computing Hp

- 8 DOF
- how many points do I need to estimate Hp?

At least 4 points! (8 equations)

- There are several algorithms…



DLT algorithm (Direct Linear Transformation)
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DLT algorithm (direct Linear Transformation)

0xHx ii =×′

9x1
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Function of 
measurements

Homogenous 
system!

unknown



DLT algorithm (direct Linear Transformation)

How to solve 0hA i = ?

Singular Value Decomposition (SVD)! 



Eigenvalues and Eigenvectors



The eigenvalues of A are the roots of the 
characteristic equation
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Singular Value decomposition
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DLT algorithm (direct Linear Transformation)

How to solve 0hA i = ?

9x2A

0hA 1 =
0hA 2 =

0hA N =

0hA 199N2 =××

1x9h

99
T

999n2 VDU ×××

Last column of V gives h! H!



Next lecture

Cameras models 



Appendix:
DLT algorithm (direct Linear Transformation)
From:
Multiple View Geometry in Computer Vision, 
by R. Hartley and A. Zisserman, Academic Press, 2002
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