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What is image restoration?

* Reconstructing or recovering an image that has
been degraded by using a priori knowledge of the
degradation phenomenon
- Improving a given image in some predefined sense

- Modeling the degradation and applying the inverse process
in order to recover the original image

(The slides are based on “Digital Image Processing Using Matlab”, R. C. Gonzalez,
R. E. Woods, S. L. Eddins)
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What is the difference between image
restoration and image enhancement?

* Image enhancement is largely a subjective process,
while image restoration is mostly an objective
process

* Enhancement - manipulates an image in order to take

advantage of the psychophysical aspects of the human visual
system;

* Restoration - formulates a criterion of goodness that yields
an optimal estimate of the desired result
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Difference between image restoration and
image enhancement: example

* Enhancement: contrast stretching

— Based primarily on the pleasing aspects it might present to
the viewer

* Restoration: removal of image blur
— Applying a deblurring function is a restoration technique
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Model of image degradation process

* Model of a degradation process

g(x, y) = H[f(x, »)] + nlx, v)

where g(x,y) — degraded image, f{x,y) — input image, H —
degradation function, n(x,») - additive noise

* Objective of restoration
— Obtain an estimate of the original image
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Model of image degradation / restoration
process
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Noise simulation - (1) Noise simulation - (2)
Noise models * Matlab functions used for noise generation
— Behavior and effects of noise are central to image
restoration — Uniformly distributed pseudo-random numbers — rand
— We assume that noise is independent from image - .
coordinates P g — Normally distributed random numbers (Gaussian
. ’ L . distribution) - randn
* Adding noise: function imnoise
. . “ "o - Find indi f nonzero elements — £ i
- Adds Gaussian, Poisson, speckle, “salt and pepper” noise d indices of nonzero elements — £1nd
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Restoration in presence of noise only:
spatial filtering

* When the only degradation present is noise, then

glx,y)=f(x,y)+n(x,y)

where g(x,y) — degraded image, f(x,y) — input image,
n(x,y) - additive noise
* The method of choice for reducing noise in this
case - spatial filtering
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Linear spatial filtering

* imfilter - linear filtering with a user-defined
mask

— options — boundary (symmetric, replicate, circular), output
size (same or full), correlation or convolution

* £special - create predefined 2D filters

— types of filters — average, gaussian, laplacian, prewitt,
sobel, etc.
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Nonlinear spatial filtering
* ordfilt2 - 2D order-statistic filter

- g=ordfilt2(f,1,ones (m, n)) —minfilter
* medfilt2 - 2D median filter

ahb
cd
FIGURE .18
ne.

median filtering
with medf 112
using the default

iprovement i
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Spatial filters

TABLE 5.2 Spatial s andn deote res 3nd columas of the fiter neighborbhaod
Filies Name Equation Commonts
Arithmetis mean s . Implemented wing IPT functions» = Tspacdall avorags’,
flen) = o 2, 500 [m, mlband T = inTilger(, W

Geometric mean This nanlincar filkcr is implemented using function gnasn fsce

L This nondincar filkcr is implemented using function harnean (scc
1 custorn function sprLLL in this section).
o, Bl 1)

Harmonic mean Fen =

Contraharmonic mean Ny This nonlincar filer is implemented using funcrion chanssan (sce

custom funetion SPFLLL in this section).

fresh =
e

Median i) = median (s )] npencrcd g FT it saaate:
{5 = pegrilizig, In nl).
Max [Pa——" Implemented using IPT function arat 1112

T = OROTLIZ(Q, ®N, ONES(T, N}

Min Flay) - min {aten)} Iemplemented wsing 1PT function srdfile2:
s, + = erofilez(g, 1, anes(n, nl)
Midpaint Implemented as 0.5 times the sum of the max and min filiering

ux {gls.0} + min {g(s.0}
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Spatial filters: example 1%

FIGURE 5.5
(a} Image
corrupted by

epper noise with
probability 0.1
(h) Image

corrupted by salt

naise with the

same probability.

(<) Result of

filtering (a) with a
x3

contrabarmonic
filter of arder
Q=15 (d)
Result of fillering
(b) with

- -15
(¢} Result of
filtering (a) with &
3 3 max filter.
() Resuli of
filtering (b) with 3
35 3 min filter.
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Adaptive median filter

Adaptive Median Filter : For each pixel location (¢. 7). do

Initialize w = 3.

Compute 5™, a:":d'"' and &7, which are the minimum, median and maximum of the pixel
o elv

values in 577 respectively

IF s ST MY hen go to Step 5. Otherwise, set w = 1 + 2.

If i < ey 20 to Step 2. Otherwise, we replace y;; by 3.:’."”"“’”‘*_
med,ur

T6 M gy < S then y is ot a noise candidate, else we replace yi,; by <77
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Adaptive median filter: example

e
abe

FIGURE 5.6 (a) Image corrupted by salt-and-pepper noise with density 0.25. (b) Result obtained using a
median filter of size 7 X 7. (c) Result obtained using adaptive median filtering with Sy, = 7.
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RGB images - (1)

* RGB color image

— Mx N x 3 array of color pixels, where each color pixel is a
triplet corresponding to the red, green and blue
components of an RGB image at a specific spatial
location

- ltis a “stack” of three gray-scale images that, when fed
into the red, green and blue inputs of a color monitor,
produce a color image on the screen
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RGB images - (2)

* Component images
— three images forming an RGB color image
* Bit depth
— number of bits used to represent the pixel values of the
component images

— For example, if each component image is an 8-bit image,
the corresponding RGB image is said to be 24 bits deep
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RGB images - (3)

FIGURE 6.1
Schematic
showing how
pixels of an RGB
color image are
formed from the
corresponding
pixels of the three
component

P] images.

=

Ve n,
The three color
components of
a color pixel.

Blue component image

Green component image

Red image
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Indexed images - (1)

* Data matrix of integers
* Colormap matrix, map
- mx 3 array, where m — number of colors the map defines

— each row of map specifies the red, green and blue
components of a single color

— Color of each pixel is determined by using the corresponding
value of integer data matrix as a pointer into map

IModule 03 Restor. & Colors
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Indexed images - (2)

R G B
e b FIGURE 6.3
tpep Elements of an

| & | b2 indexed image.
N Note that the
value of an
B element of integer
e | 8 | bk |=—lkthrow array X

. determines the
row number in
the colormap.

r-‘ g-, 1;, Each row contains
i - arr: an RGB triplet,
2D integer array, X map and L is the total

Value of circled element = k number of rows.
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Indexed images - (3)
* Some of Matlab predefined colormaps
— autumn, cool, gray, hot, pink, spring, summer, winter, etc.

* Some Image Processing toolbox functions for
converting between RGB, indexed and gray-scale
intensity images
- gray2ind,ind2gray, rgb2gray, ind2rgb, etc.

* Convertion to other color spaces
- rgb2ycbcr, ycber2rgb, rgb2hsv, hsv2rgb, efc.
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Basics of color image processing — (1)

* Color pixels are vectors

— For example, in the RGB system, each color point can be
interpreted as a vector extending from the origin to that
point in the RGB coordinate system:

cx(n )] [RGx y)
c(x, y) = |ee(x »)| = | Glx. »)
(. y)] Bl y)
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: : : Spatial filtering of color images:
Basics of color image processing - (2) P or g i 9
color image smoothing
* Instead of single pixels we now deal with vector
. ;’:Gfmf o values
I. Spatial masks for . .
® . *. eray-sale and * Average of K RGB vectors in neighborhood S,,
. (oatinl o s 1
Spatial mask Spatial mask Imag A z R(s, t)
. K (s,1)es,,
- 1
(x: J’) == ZC(S» f), clx,y)=|— Gls,
| . K (05, ( ) K (.\-,;s“ ( )
Gray-scale image RGB color image g 1
— B(s, t)
K (s.1)eS,,
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Linear spatial filtering of color image RGB image: example
* Steps for smoothing an RGB image f
- Extract the three component images : ab
fR=f(:,:,1); fG=£f(:,:,2); fB=£f(:,:,3); cd
FIGURE °'.“
- Filter each component image individually: o
fR_smooth=imfilter (fR,w); Sim”arly find fG, B (g‘:g:r::]}ésl:lii’
— Reconstruct the filtered RGB image: et
f_filtered=cat (3, fR smooth, fG_smooth, fB_smooth); respectively.
* Or use Matlab function w';‘r
F filtered=imfilter (£, w) WA
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HSI color model: example

abe

FIGURE 6.20 From left 1o right: hue, saturation, and intensity components of Fig. 6.19(a).
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Smoothing result

ahbc

FIGURE 6.21 (a) Smoothed RGB image obtained by smoothing the R, G, and B image planes separately.
() Result of smoathing only the intensity component of the HSI equivalent image. (c) Result of smoothing
all three HSI components equally.
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Reference

- Rafael C. Gonzalez, Richard E. Woods, Steven L. Eddins,
“Digital Image Processing Using Matlab”,
Pearson Education, 2004
— Chapter 5
— Chapter 6
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