Restoration
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e Fixing images degraded by a known

Image Restoration

C306 degradation function
Lecture 21 e Fourier techniques: Cropping freq spectrum
2001 - Can remove additative artifacts
Martin Jagersand e Inverse filtering: “Un-blurring”
- Removes linear blur (from mask convolution)
D

e Bilinear transforms
- Fixes geometric distorsions

Interactive technique: Example:
Cropping in Frequency space Restoration by cropping the F-t
G

e Useful if degradation is an additative signal
with a narrow, well defined spectrum. el
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e Example: TV-interference

e Remove by zeroing (cropping) relevant parts of
the F-t representation




Example 2:
Assignment 3: Remove fence

Degradation Model
G

e Linear, shift invariant function (filter)
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H = Degradation function

n = Additative noise term

Degradation: example terms

]
H due to:

e Motion blur
e Out of focus

n due to:
e Electrical noise in video camera

Degradation as Convolution
G

e Linear, shift invariant function (filter)
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a(x,y) = f(x,y)*h(x,y) +n(x,y) in Spatial Coordinates
G(u,v) = F(u,v)H(u,v) + N(u,v) in frequency (F-t) coord




(Spatial ad-hoc solution) General Solution by Convolution Th
. | . |
e Example: motion blur ﬂ(iW)
e Imagef=J[a,b,c,d,..... ]
f(x,y) — H . . X,
e Blur h=[1 1, 1] ) @ s
e Blurred g=f*h=[a, a+b, a+b+c, b+c+d, c+d... ] G(u,v) = F(u,v)H(u,v) + N(u,v) in frequency (F-t) coord
° 0 Restored: Fr = G/H= FH/H + N/H = F + N/H . problem term
°fr=i o) when H=0
° 9(n) —fi(n-1) —fr(n-2) Better: F= G a=small constant
H+a

Real applications of Hubble telescope
Image Restoration Original and restored images

Restore L
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Hubble!!!
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Degradation here:

L. &

Atmosphere Disturb

But never as good as original.




Practical procedure: Example: F-t based restoration
. | . |
Find best approximation to degradation that happened e Unfocused image e Restored image
Pad or not to pad with 0's, image mean value or other.
Compute FFT of degradation
FFT real, symmetric? If not maybe force (abs())
Deconvolute/divide out degradation Frest = G./H
Ifft back to get "restored" image

S o

e See matlab example in lecture notes 22
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Example: o —[TH T — @) — oy
But seldom as good as “new” Different heuristic a’s
G G

e Focused image: e Restored image

G(u,v) = F(uv)H(u,v) + N(u,v
in frequency (F-t) coord
Restored: Fr = G

+
a=small constan{-| a




Least Mean Square Filtering
G

e Problems with inverse filtering:
= sensiive 1o the B-condstioned behawor of he imverse filker
+  main congem is inverse fllering of  Nis,v)
A, v
ides is to make assumption sbout distibution of nolse
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Least Mean Square Filtering
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LMS filt
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Wiener Filter
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Where ks a constant. k=0 bacomeas the inverse fiter

+  Main advantage of Wienor Fibar:
— ‘Whan any pardion of Bjuw] = O, tha § 15 tarm pravants divesan by O
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Example:
Wiener filtering

deguaded  Fourier Inverse Vierer Fourier
maga Spacim filering fikering Epacta

Geometric correction:

+ rearrangement of pixel
ariginal Fnage [ and degraded image g wih coodinates 12

r=rixyy  p=sixy)

= i rand « known <> rastoration easy
* using "t points™

F=rix = ox o rtos o,

F=sxyl=oxtertoarte

Resampling for geometric
restoration

+  neares] neighbor (zerc-ceder intarpelation)

| spadal imnstmaton |
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rarg-leve] ransimation

+  bilinear intarpclation
cubic convoluton




