Lecture 13: Cameras and basics of geometry



Course Project

* Basic Requirement: Implement a vision
algorithm

* How complex?
* The experiments/implementation details should be
Interesting enough for a 4-5 page write-up.

* If you choose a relatively simple algorithm, then you
should do interesting experiments to test the
algorithm's limits



Groups

| encourage you to work in groups

» Can do more interesting projects
» Should be more interesting projects

» Come talk to me if you would like to work in a
group, but don't know anyone

* Group write-up: 6-8 pages



How do | pick a project?

* Strategy #1:

* Pick topic that you think is interesting
* Read three papers on that topic

* Implement one

* Or implement your own solution

* Could be original research

* Lots of opportunity in the area of computational
photography

* Come talk to mel!!

* | can point you to interesting papers that have come out
recently



Strategy #2

* Pick a topic in class that we won't do a PS on
* Optic flow
» Implement several different methods

* The Szeliski book also has lots of very
interesting suggestions for projects



Q:l work in one of the vision groups,
can | just turn in my CVPR
submission?

A: No



Well, actually

* Your project may be related, but should not just
be your current research project

* Examples

* Related side project that you haven't had time to
pursue in depth

* Application of algorithms that you have developed
for one problem to a different problem

* Should have interesting experiments



Getting it done

Write-ups due Dec 7
Brief Proposal Due Nov 5"

* | would prefer end of October!
Whatever you work on, keep me updated!!!!

| am here to help!



Grading

* | will give you feedback on your proposal
* The earlier you touch base with me, the better

* Once we agree, if you do what your proposal stated and
turn in a good-quality write-up, you will get an “A”

 What if it doesn't work?

* It happens a lot!

* Good write-up explaining what went wrong, what you
think the underlying problems are and how you would fix

them if you were to keep working on this project

* I'm not talking about “l didn't understand the math” or
“My code kept crashing”

* Can still get an “A”



One last thing about projects

* | will be scheduling project meetings to meet
with each group at the end of November

* That class will be your project meeting.



Processing the Pixels

* There are two more things that happen to the
pixels

* Compression
* Gamma



Lossy Compression

* Let's look at the mathematical problem first

* Let's break the image up into 8x8 patches




Lossy Compression

* We'll make each of these patches be a vector
* Stack them as columns in a matrix:
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Lossy Compression

* Now, we want to “compress” this matrix
* We'll do factorization

i

PxM

N x M NxP



Lossy Compression
Now, we want to”“compress” this matrix

We'll do factorization

64,000 Entries ©12 Entries 8000 Entries

i

PxM

N x P

Let's say N=64 M=1000, P=8
Do you see how we've compressed this matrix?



Lossy Compression

* This is called a “low-rank™ approximation

* Rank: Number of linearly independent rows

Rank: 64

64,000 Entries

NxM

512 Entries

NxP

8000 Entries

..

PxM



Some Vocabulary

64,000 Entries 512 Entries 8000 Entries
— Rank: 8
PxM
Ny P Coefficients
N x M X

Basis




Where do we get the basis?

64,000 Entries  \We first define a criterion

* We'll use squared error
(Frobenius norm)

* We use a linear algebra
technique called the Singular
Value Decomposition (SVD)

N x M * Tells us that the best basis be

= = created using the eigenvectors
Call this matrix A of A'A




Visualizing the Eigenvectors

* Here | have taken the eigenvectors of 7x7
patches and formed them as patches
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Which eigenvectors should | use as
my basis?

We're only going to choose ...

a subset
The eigenvalues tell us

Choose the basis vectors
corresponding to the
largest eigenvalues

The error will be the sum of |
the “left-out” eigenvalues ‘

Notice that the error will fall
off fast



On to JPEG

This is called

“Principal
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The Discrete Cosine
Transform



The DCT and Principal
Components

* Notice the similarity
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JPEG Lossy Compression

 JPEG does not
eliminate bases

* Instead it quantizes IFf s ====
certain vectors more | AOSRSS =
aggressively IR L
* Targets high- IR = s EE

frequencies IAY O B i B EE

- This is followed by Il 00 e B
Huffman coding (think W0 R BB

ZIP-style
compression)



Other JPEG Tricks

« Compress chromaticity more than intensity

* Your visual system is more sensitive to changes
in intensity than chromaticity

« We'll talk more about color later
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JPEG Intensity

Let's compare the two
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Gamma Correction

* The Iintensities returned by the sensor are not
the actual amount of light

* The raw intensities are passed through a non-

linearity ,
Y ~Yz22




Mathematical View of Imaging

* Mathematically we will talk about points
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* This represents points in Euclidean Space



Operations on Points

* Moving points is called translation

« — x & Ax
— Ay

* We would like to express this as a matrix
multiplication to make it easy to chain
transformations

« Augment x L
Y
1

o
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Translation

XL

* Augment x _
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* Now the translation is
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Rotation

* We want to rotate the points by ('b

r = \/:1?2 + y?

0 =tan *(y/x)
' = rcos(f + ¢)
y' = rsin(0 + ¢)



Rotation

/ r cos(6 + ¢)
r| cos(0) cos(¢) — sin(0) sin(¢),
T cos(¢) — ysin(¢)

cos(¢) —sin(¢)

0
3% = [ sin(¢)  cos(¢) 0 ]
0 0 1
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Rotation + Translation

cos(¢) —sin(¢p) Az

sm(qﬁ) cos(¢) Ay
0 1

X' = [R|t]x




Plane

* Defined by a point A and a vector n
* All points P that lie in the plan satisfy

ﬁ-ﬂzo



Moving on to 3D

« Unfortunately, we never get to see a “3D” point
* We only see 2-D points
* So we will also need to model projection



A bit more on perspective




A bit more on perspective




One More




One More




The equation of projection
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(Image from Slides by Forsyth)



Moving on to 3D

Unfortunately, we never get to see a “3D” point
We only see 2-D points

So we will also need to model projection

But this is awkward

|
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Homogeneous Coordinates

To get around this, we will introduce a new
space of points, a projective space

In this space of points any point

J IS equivalent to

X T/
| |



Now, Projection Is easy to express

{1 0 0 OW

P
0 0 1 oJ



Classes of Transformations

* We can define different types of transformations

Name Matrix # D.O.F. | Preserves: [con
translation [ I ‘ t|,. . 3 orientation + - - -
Jax
rigid (Euclidean) [ R ‘ t .., 6 lengths + - - - O
45X
_ . AN
stmilarity [ sR ‘ t ]5 1 7 angles + - - - P
- W A
affine [ A ] 12 parallelism +--- | /_/
3x4
projective [ H o 15 straight lines [ ‘
‘ |45 . —
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