Gray level transformation

Linear: 9(xy) Increase range of gray sca

f(x.y)
a b

Piece-wise linear: 9(xy)

n Depress noise

Gray level transformation (cont'd)

g(x.y)

Expand values of dark pixels
To make the details clear
Compress the high level valu

Logarithmic transform

negative:

f(xy)

(
Point operations
«Contrast stretchin
*Noise clipping
*Window slicing
*Histogram Modelin
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Image
Enhancement

Spatial Operations
*Noise smooting
*Median filtering
*Unsharp masking
*LP,BP, HP filtering
*Zooming
*Morphological filtering

Transform Operations | Pseudocoloring
sLinear Filtering «False coloring
*Homomorphic filtering| spseudocoloring

Contrast stretching

ab

FIGURE 3.6 (a)
Bone scan image.
(b) Image
enhanced using a
contrast-stretching
transformation.
(Original image
courtesy of G. E.
Medical Systems.)

Intensity transformations
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cd

FIGURE 3.3 (a)
Original digital
mammogram.
(b) Negative
image. (¢) Result
of expanding the
intensity range
[0.5,0.75].

(d) Result of
enhancing the
image with
gamma = 2.
(Original image
courtesy of G.E.
Medical Systems.)



Gray level transformation (cont'd)

Intensity (S = r(2.5))

Gamma correction:

The voltage-to-intensity response
is non-linear, so it is necessary to corregt
Itinto linear response — VOItage (r)

° |
S = r(gamma)
Gamma =2.5 Intensity (S = r*(0.4))

s
Gamma correction:
S=111/2.5) /

voltage [ | [] intensity O Voltage (r)

™25) T™0.4)

Gray level transformation (cont'd)

g(x.y)

Gray-scale slicing Background compressed

f(xy)

Zig-zag: Large range of gray scale
is displayed on the small
range device

f(xy)

Image Histograms
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Log transformation

ab

FIGURE 3.5 (a) A
Fourier spectrum.|
(b) Result
obtained by
performing a log
transformation.

Gray level transformation (cont'd)

Bit-plane slicing: e.g., Range [0, 255] [0, 1]

for each bit

f(xy)

Histogram processing

* P(K) is the probability of occurrence of gray level r
* P() can be re-distributed for enhancing the image

h(n) or P(k)=ndn h(s) or P(s)

rk a

(0]
Histogram equalization




Histogram processing (cont'd)

S=T(r)
« Histogram equalization

Q)s=T() CEr£1l
(2) P(s) ds = Kr) dr
(3) T(r) = ¢ P(w)dw

From (1), (2) and (3), we get
P(s)=1

Histogram equalization

Results of Histogram Equalization

ab
cd

FIGURE 3.8
Mlustration of
histogram
equalization.
(a) Input image,
and (b) its
histogram.

(c) Histogram-

0150 200 25 §
histogram. The
improvement
bet ) and

f Dy

Roger Heady,

Rescarch School
B al

University,

s w10 20 250 B8 Canberra.)

Histogram processing (cont'd)

¢ Histogram matching

-- We can also specify a certain histogram, then match it
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Histogram processing (cont'd)

¢ Histogram equalization

(1) Analogue domain:
s=T(r) = o P(w)dw

(2) Discrete domain:

Results of Histogram Equalization
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FIGURE 3.10

(a) Image of the
Mars moon
Phobos.
S0 B () Histogram.
(c) Histogram-
equalized image.
(d) Histogram
of ().

(Original image
courtesy of
NASA).
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Histogram processing (cont'd)

« Example of histogram equalization (HE)

-- 3bits/pixel
-- total number of pixel n=51

gray level number of pixels number of pixel after HE
(0] 10 (0]
1 10
2 8
3 0
4 11
5 0
6 15
7 7
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Histogram processing (cont'd)

Note:

-- global histogram processing
-- local histogram processing

Result of Histogram Specification

Bin: (a group of successive gray levels)

—e.g., 1bin=% (binwidth)

-- If the total gray levels are 256, the number of biRg: 2
-- if k=4; the number of bins is 16

Enhancement by

Neighborhood (Spatial)
arithmetic operation

Operations

Image subtraction

-- e.g., image difference between the images before and
the contrast agents injection in the radiology imaging.

N images averaging  ICISICRIRNICHY)

-- time sequence - N
-- smoothing fxy)=x fikxy)
-- noise removal =

-- N-

-- IS noise

ELf(x V)] = 1(xY)

SEHxY) =4S, (%)

Correlation and Convolution S_patl_al
Filtering
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LP Filters: Gaussian

1 3

3 32 32 Gl =, o
M= 3 1 3 2m

32 2 32

1 3 1

32 32 32

H.006|.061 ‘.242‘.383‘.242‘.06 1 |.006H

sz :'"2_f+ﬂz_f
™
g(x,y) = f(xy)- aN*f

REF(xy) =[F(x+1y) + F(x- 1Y) - 2f o)+ y+D+f(xy-D- 2f(xy)]
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2f
y2

=a

~ 2
N2 f :%+
9x

=

g(x,y) = f(x,y)- aN?f

REF(xy) =[F(x+1y) + F(x- 1Y) - 20 o)+ y+D+f(xy-D- 2f(xy)]
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Roberts Gradient Operator
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Sobel Gradient Operator
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Canny Edge Detection

Nonmaxima Suppression

Double Thresholding

Canny Edge Detection
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X

G =7h e G(xy)=

2 ¥l
g’ ez

1 1
2ps 2ps
2ay?

~ 2,2 S
LOG:N*G(x y) =15+ 18 = 2 (X - 2e =

I (x,y)A N?h(x,y) =0

I (x,y) AN?h(x,y,s) =0
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Laplacian of Gaussian (LoG)

1 24y’ e
LoG(z,y) =_E[ ~ g2 |€ =F

Laplacian of Gaussian (LoG)

Laplacian of Gaussian (LoG)

Nonlinear Filters

11
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[r— 123|125 | 126 | 130 | 140

Median, Max, Mean Filters

hood values:
122 | 124 | 126 | 127 [ 135

115, 119, 120, 123, 124,
118|120 | 150 | 125 [ 134 125, 126, 127, 150

19| 115 | 119 | 123 | 133

Median value: 124
111|116 | 110 | 120 | 130

Alpha-trimmed-mean

123 123 [ 126 | 130 | 140

Neighbourhood values:

122 | 124 | 126 | 127 | 135 — Avg: 123.6
115.119. 120,123, 124
118 | 120 [ 150 | 123 | 134 125,128, 127, 152

119|115 [ 119 | 123 | 133

Median value: 124
11| 116 | 110 | 120 | 130
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Hit-or-miss transformation Hit-or-miss transformation

Hit-or-miss transformation Hit-or-miss transformation

Hit-or-miss transformation Other Applications
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Other Applications - CC

Other Apps — Convex Hull

< 0

Other Apps — Convex Hull

Other Applications - Thinning

Other Applications - Thickening

Other Applications - Skeletons

16
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Other Applications - Pruning

Open questions

Aliasing

17



04.01.2010

Smoothing as low-pass filtering
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Applications of scaled
representations

The Gaussian pyramid
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