Linear Image Filtering
Monday 2 Oct 2006

- Wraparound and Linear Convolution

Linear Image Filters
Linear Image Denoising

Linear Image Restoration (Deconvolution)





















Wraparound Convolution

It is a weighted sum of the elements 11(m, n) of the image 11,
where the weights 12(i-m, j-n) are shifted elements of the
Image 2.

The amount of shift depends on (i, j).
(i, j) given, J(i, j), the new image, is defined by:
superimposing 12 directly "on top of" 11
reversing 12 : [12(-m, -n)]
shifting 12 by an amount (i, j)
computing 11(m, n)-l2[(i—m)N, (j—n)N] for 0 <m, n < N-1

adding the results
J=1,®I, = IFFTN[FFTN[[] ® FFTN|I3]
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Input image Output image

average of values within square window
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Recap DFT-Based Linear

Convolution

~ By multiplying zero-padded DFTs, then taking the IFFT,
one obtains

- The linear convolution is larger than NxM (in fact
2Nx2M) but the interesting part is contained in NxM J.

© To convolve an NxM image with a small filter (say PxQ),
where PQ < N,M: pad the filter with zeros to size NxM.

- If PQ << N,M, it may be faster to perform the linear
convolution in the space domain.

24







digital
image filter

.- -










° Varlety of Image Distortions

'{
" blur

Albert

JPEG compression 29




- ATough One!

© Try to undo ("engineering problem”) or, more
interestingly, create this effect (creative application).




Low-Pass, Band-Pass, and
High-Pass Filters

- The terms low-pass, band-pass, and high-pass are
qualitative descriptions of a system's frequency
response.

~ "Low-pass" - attenuates all but the "lower" frequencies.

© "Band-pass" - attenuates all but an intermediate range of
"middle" frequencies.

~ "High-pass" - attenuates all but the "higher" frequencies.

© We have seen examples of these: the zero-one

. 31
frequency masking results.
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Additive White Noise Model

* Model additive white noise as an image N with highly
chaotic, unpredictable elements.

e Can be thermal circuit noise, channel noise, sensor
noise, etc.

 Noise may effect the continuous image before sampling:

JC(X,y) =1C(x, y) + NC(X, y)
where N is the white noise















Denoising - Gaussian Filter

e The isotropic Gaussian filter is an effective :

~ ~

H(u,v) = H(u2 + 1)2) L e T

* It gives more weight to “closer” neighbors.

* DFT design: Set the half-peak bandwidth 202 = U,
Solve for o

e DD 2
e O UC’u,tOff/N o, 1/2

NUCUO
O — tff\/log\/i
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Other Results



Hubble Telescope

- Wide Field Planetary Camera
- Galaxy M100
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Hubble Telescope

- Wide Field Planetary Camera
- Galaxy M100

o after repairing spherical aberration

53







£0N
ST
b Ty

P,







l
i
|

A

v

s










more blur

* Deblurring
e Pseudo-inverse

e Wiener filter
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Shroud of Turin Image

An intensely enhanced, denoised, deblurred, etc etc
etc and debated image




Making Noise

Gaussian Additive Noise

Laplacian Additive White Noise
Exponential Multiplicative White Noise
Salt and Pepper Noise

What Is Noise?
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1SE

More No
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Comments

» Non-linear filtering methods include
 weighted median filters,
* Image zooming,
* sharpening,

* edge detection



What is noise?
Source of synthesis texture

e Signal vs. Noise

* Attention, John Cage, music as organized sound



