ECE 472/572 - Digital Image
Processing

Lecture 7 - Image Restoration -
Noise Models
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Roadmap

*  Introduction *
~ Image format (vector vs. bitmap)
~ Pw.CVsCG
~ HLIPvs LLIP
- Image acquisition

Image restoration
~ Analyze the noise
+ Typeof noise
~ Spatal imariant

*  Perception - Gaussion
~ Structure of human eye. ~  Periodic noise.
~  Brightness adaptation and Discrimination + How to identify the type of noise?
- Image resolution Testpatern
- Histopram

*  Image enhancement
~ " Enhancement vs.resoration
~ Spatal domain methods gy

Point-based method

* Maskchased (neghborhood-based) methods - = . Rl
spatal ilter = Spatial domain

~ Frequency domain methods ~ Mean fiters
*  Geometric correction
~ Affine vs. Perspective transformation

+ How to evaluate noise level?
~ RMSE

~ Order-satistesfilters
~ Adaptive fltrs

~ Homogeneous coordinates e

~ Inverse vs. Forward transform

~ Composite vs. Concatenate transformation

~ General transformation

- Bandreject
~ Nowh fiers
— Optmalnowch ier
Analyze the blur
Deblurring




Questions

* What' s the different objectives between image
enhancement and image restoration?

* How to estimate noise?
* Arithmetic mean vs. geometric mean

* Contraharmonic filter and different parameter
values vs. the type of noise removed

* Mean filters vs. order statistics filters

* What' s the philosophy of the adaptive filters?
* Understand adaptive median filter

* How to design a notch filter?

Image Enhancement vs. Restoration
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*Image enhancement: process image so that
the result is more suitable than the original
image for a specific application

* Image restoration: recover image from
distortions to its original image

The degradation
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Solving the problem

* Model the degradation

* Apply the inverse process to recover the original
image

g(.y)=Hf (. y)ln(x.»)
FGey)=H"[g(e,y)-n(x.v)]
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Different approaches

* Noise
— Noise models and denoising (5.2, 5.3, 5.4)
* Blur (linear, position-invariant degradations)

— Estimate the degradation and inverse filters (5.5, 5.6,
5.7,5.8,5.9,5.10)

A

Noise sources

*Image acquisition
*Image transmission




Noise models

* Spatially independent noise models
— Gaussian noise
— Rayleigh noise
— Erlang (Gamma) noise
— Exponential noise
— Impulse (salt-and-pepper) noise
* Spatially dependent noise model
— Periodic noise
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Sall & Pepper

courtesy of
NASA)
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How to estimate noise parameters?

e |

* Periodic noise
— Analyze the FT
* Noise PDFs
— Use “flat” images if we can acquire them
— What if it’s salt-and-pepper noise?
— Use small strips of uniform intensity if we only have
the images but not the acquisition system
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FIGURE 5.6 Histograms computed using small strips (shown as inserts) from (1) the Gaussian, (b) the Rayleigh,
and (¢) the uniform noisy images 54,

Restoration from noise

e ————————— |
* Spatial

—g(x,y) = flxy) + n(x.y)
*Frequency

— G(u,v) = F(u,v) + N(u,v)

Spatial domain — Neighborhood-based
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* Mean filters
— Arithmetic mean filter (AMF, average)
+ Local smooth
* Results in blur 1
— Geometric mean filter [nn
* Keeps more detail than AMF f(xvy) = [ re[S 8(5»1)]
— Harmonic mean filter (S

* Works well for salt noise, but fails for
pepper noise

« Does well on Gaussian noise (502"
— Contraharmonic mean filter %g S
- Reducing or virtually eliminating the ~ fi(x, y) = S0
salt (negative Q)-and-pepper (positive ;g(s, t)Q
[Eo=

Q) noise




FIGURE 5.7 (a)
X-ray image.
(b) Image
corrupted by
additive Gaussian
noise. (0) Result o
of fitering with

an arithmetic
mean filter of size
3 X 3.(d) Result
of filtering with a
geometric mean
filter of the

size. (Orig
image courtesy of
M
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FIGURE 5.8

(@) Image
corrupted by
pepper noise with
a probability of
0.1.(b) Image
corrupted by salt
noise with the
same probability.
(c) Result of
filtering (a) with a
3x3

contraharmoni
filter of order
(d) Result of
filtering (b) with
0 =-15

ab
FIGURE 5.9 Results B

of selecting the
wrong sign in
contraharmonic
fillering. (a) Result
of filtering

Fig. 5.8(a) with a
contraharmonic
filter of size 3 X 3
and s
(b) Result of
ilicring 5.8(b) with

g(s, 0"

[y -
(s,2)°

(s.t




Spatial domain — Neighborhood-based

* Order-statistics filters
— Median filter
« Particularly well on salt-and-pepper noises
— Max and min filters
* Max: reduces what noise?
* Min: reduces what noise?
— Midpoint filter
« Average the max and min intensity values
+ Combines order statistics and averaging
* Works best for Gaussian or uniform noise
— Alpha-trimmed mean filter
* Delete the d/2 lowest and the d/2 highest, average the remaining
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FIGURE 5.10
() Image
corrupted by salt-
and-pepper noise
with probabilities
P~ B =01
(b) Result of one
pass with a
median filter of
size 3 X 3.

(©) Result of
processing (b)
with this filter.
(d) Result of
processing (c)
with the same
filter.

Example of repetitive application of the same filter
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FIGURE 5.8

(a) Image.
corrpte

pepper noise with
a probability of

fillering () with a
3x3

contraharmonic
filter of order 1.5,
(d) Result of
filtering (b) with
0=-15
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FIGURE 5.11
(@) Result of
filteri

(a) with a

e,
ma filter of size
3% 3.(b) Result




5x5 AMF R
5x5 geometric mean

5x5 median alpha-trimmed mean

with d=5

(
Spatial domain — Neighborhood-based
e ————— |
* Adaptive filters
— Adaptive local noise reduction filter
— Local variance, variance of noise, g(x,y), and local
mean
* Behavior of filter
— If global variance is zero, return g(x,y)
— If the local variance is high compared to the global
variance, return a value close to g(x,y)
— If the two variances are equal, return the arithmetic
mean value
2
Fy) = g - gy -m,]
o 26
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FIGURE 5.13
(a) Image
corrupted by

additive Gaussian
noise of zero
mean and
variance 1000.
(b) Result of
arithmetic mean
filtering.

(¢) Result of
geometric mean
filtering.

(d) Result of
adaptive noise
reduction
filtering. All filters
were of size

7% 7.
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Adaptive median filter

* Stage A:
— Al = zmed - zmin
— A2 =2zmed - zmax
— If A1>0 AND A2<0, go to stage B
— Else increase the window size
— If window size <= Smax, repeat stage A
— Else output zmed
* Stage B:
— Bl =zxy - zmin
— B2 =zxy - zmax
— If B1>0 AND B2<0, output zxy
— Else output zmed
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FIGURE 5.14 (a) Image corrupted by salt-and-pepper noise with pi ilities P, = P, = 0.25. (b) Result of
filtering with a 7 x 7 median filter. (c) Result of adaptive median filtering with Sy = 7.

Adaptive
Median
@:5,7)
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Frequency domain

*Bandreject filters
*Bandpass
*Notch filters

be
FIGURE .18 Perspectve plots af () el (b) Batcrworth (of rder 2),und () Gaussin
oeh (reect) fters

[
Hy(uv) = LH, (u)H_ (uy)

ablc
FIGURE 5.15 From left to right, perspective plots of ideal, Butterworth (of order 1), and Gaussian bandreject
filters

cd
FIGURE 5.16

() Image
corrupted by
sinusoidal noise:

(b) Spectrum of (a).
(c) Butterworth
bandrejec iter

fltering. (Original
image courtesy of

b
FIGURE 5.1 (ayideal, (h) 2.

noteh (reject) fllers.
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FIGURE 4.21 (a) Lmae showine promsineat scan lins. (b) Result of using a GLPF with Dy, = 30, (¢) Resull
O using 1 GLPF with D = 10, Original imige courtesy o NOAA)
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Optimal notch filters (572)

*Section 5.4.4

ab
FIGURE 5.20

(@) Image of the
Martian terrain

Mariner 6.
(b) Fourier
spectrum showing

per
interference.
(Courtesy of

34
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, Optimal notch - Derivation
4
N(u,v)=H, (u,v)G(u,v)
n(x,y) = F{H,, (u,v)G(uv)}
Fey) =gy -n(x.y)
Fxy) = glr.y) = wlxym(x.y)
Select w(x,y) so that the variance of the estimate f(x,y)*
is minimized over a specified neighborhood of every point (x,y)
w(x,y) = BEXEY) = XYM (,Y)
UNERIE NESY)
35
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FIGURE 5.22
(a) Fourier
Spectrum of
d

FIGURE 5.23
Processed image.
(Courtesy of
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Discussion

* Can we apply adaptive frequency domain
filters and how?

Evaluating the noise level

* (Root) Mean Square Error (MSE)
- E{llg(xy) - f(x,y)I*} or
- E{ll(g(x.y)-gx.y)) - (fx,y)-fxy)I*}
*Peak Signal to Noise Ratio (PSNR)
10log;[(L-1)/sqrt(MSE)](dB)

How to add SAP noise?

* Add salt-and-pepper noise to an image
* @param inimg The input image.
* @param q The probability. 0<g<l.
* For each pixel in the image, generate a random number, say r.
*  If r<q, change the pixel's intensity to zero.
* If r>1-q, change the pixel's intensity to L
* The higher the q, the worse the noise
* @return Image corrupted by salt and pepper noise.
af
Image sapNoise(Image &inimg, float q) {
// add SAP noise
srand(time(0)); // so that a different seed nr is generated
for (i=0; i<nr; i++)
; d<nc; j++)
0; k<nchan; k++) {
r = rand()/(RAND_MAX+1.0);

outimg(i,j, k) = inimg(i,j,k);
if (r < q)

outimg(i,j, k) = 0;
if (r > 1-q)

outimg(i,3j, k) = L;

o
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Summary

* Type of noise
— Spatial invariant
+ SAP
* Gaussian
— Periodic noise
* How to identify the type
of noise?
— Test pattern
— Histogram
* How to evaluate noise
level?
— RMSE
— PSNR

* Noise removal
— Spatial domain
+ Mean filters
+ Order-statistics filters
— Frequency domain
+ Band-pass
+ Band-reject
+ Notch filters
+ Optimal notch filter
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