CMSC 491/691

Lecture 4

Image Filtering Il © 3




An image is a matrix of pixels

FX,y]

An array of numbers (“pixels”)
X,y are integer column/row indices

Recap



Point Processing vs Image Filtering

Point Operation

H . o

Neighborhood Operation

“filtering”

Recap
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Fourier's claim:
Add enough of these
to get any periodic
signal you want!
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The Discrete Fourier transform

Discrete Fourier Transform ( DFT) transforms a signal f/n] into Ffu] as:
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Discrete Fourier Transform ( DFT) IS a linear operator. Therefore, we can write:
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NxN array Source: Torralba, Freeman, Isola



For images, the 2D DFT

1D Discrete Fourier Transform (DFT) transforms a signal f [n] into F [u] as:

2D Discrete Fourier Transform (DFT) transforms an image f [n,m] into F [u,v] as:
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Source: Torralba, Freeman, Isola



Simple Fourier transforms

Image DFT (amplitude)
m
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Some important Fourier transforms

Magnitude DFT Phase DFT

Translation

Shifts of an image only
produce changes on the
phase of the DFT.




Some important Fourier transforms

Image Magnitude DFT Phase DFT

Scale

- Small image details
« produce content in high
* spatial frequencies



Some important Fourier transforms

Image Magnitude DFT Phase DFT
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F A line transforms to a line
oriented perpendicularly to

’ /‘ , the first.
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Magnitude
&
Phase

Magnitude encodes most of
the color (intensity) information

Phase encodes most of the
“location” information
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Original Magnitude

Inverse Fourier Transform
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The DFT Game: find the right pairs

DFT E‘
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Game credits: Andrew Owens



The DFT Game: find the right pairs

DFT i
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Game credits: Andrew Owens



Useful Property of Fourier Transform
Convolution Theorem

« Convolution in the spatial domain = multiplication in the Fourier domain

FT[h* f ]| = FT|h| FT|f ]

e Works for inverse Fourier transforms too:

FT '[nf] = FT '[h]*FT '[f]

 Can be much faster for big filters because speed is independent of filter size

 For convolution: speed is proportional to filter size!



Low Pass Filtering in Fourier Domain

X FT(x)



Low Pass Filtering in Fourier Domain

This is a low-pass filter in
Fourier Domain

Look how it is centered around
(0, 0) — it allows low frequencies
and rejects high frequencies.

How can we apply this to the
Image?

Use the Convolution Theorem



Low Pass Filtering in Fourier Domain

FT(f) FT(x)

FT(x) X FT(f) = FT(x *f)

Fourier Transform of Fourier Transform of Image
Low-Pass Filter

Multiplication Convolution



Low Pass Filtering in Fourier Domain

FT(x) X FT(f) = FT(x *f)

Multiplication Convolution



Low Pass Filtering in Fourier Domain

Inverse Fourier Transform

FTY[FT(x) X FT(f)] FT(x) X FT(f) = FT(x *f)

Low-Pass Filtered Image
Multiplication Convolution



Low Pass Filtering in Fourier Domain
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High Pass Filtering in Fourier Domain
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Blurring / Smoothing

Gaussian filter
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Laplacian filter




The Gaussian pyramid

For each level
1. Blur input image with a Gaussian filter
2. Downsample image

Source: Torralba, Freeman, Isola



The Gaussian pyramid
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Source: Torralba, Freeman, Isola



The Gaussian pyramid

512x512 256x256 128%128 64x64 32x32
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(original image)

Source: Torralba, Freeman, Isola



The Gaussian pyramid
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The Gaussian pyramid

%
Gk —» G [P Jk+1 &i

For each level
1. Blur input image with a Gaussian filter
2. Downsample image

Source: Torralba, Freeman, Isola



The Laplacian Pyramid

Compute the difference between upsampled Gaussian pyramid level k+1 and
Gaussian pyramid level k. Recall that this approximates the blurred Laplacian.

G 9k+1

Source: Torralba, Freeman, Isola



Upsampling

128x128 | 128x128
64x64
Insert zeros :
f 0.25 0.5 0.25
\ | q H O 0.5 1 0.5 =
: 0.25 0.5 0.25

Source: Torralba, Freeman, Isola



The Laplacian Pyramid

‘ Gaussian pyramid
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Source: Torralba, Freeman, Isola



Inverting the Laplacian Pyramid

Gaussian pyramid
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Source: Torralba, Freeman, Isola



The Laplacian Pyramid

Gaussian pyramid
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Laplacian pyramid

Analysis/Encoder Synthesis/Decoder



Applications of Laplacian Pyramid

* Image Blending
* Image Compression

 Noise Removal

* IMAGE FEATURES - IMAGE CLASSIFICATION ...



Appllcatlon 1 Image Blending



Image Blending




Image Blending

Source: Torralba, Freeman, Isola



Simplest (but far from the best) Solution

* How would you do this?
* Give me an equation




Simplest (but far from the best) Solution

I=m*HA+ (1 -m)*8



Image Blending with the Laplacian Pyramid

b = lkA*mk—l—lf*(l—mk)

Source: Torralba, Freeman, Isola



Simple Masked Summation vs. Laplacian Pyramid




Source: A. Efros

With Lapla'cin PVT.

Simple blnd
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Photo credit: Chris Cameron




Image Pyramlds

EEE

512 256 128 64

And many more: steerable filters, wavelets, ...

convolutional networks!
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