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g = imadjust(f,[low _1in high_1in], [low_out high out], gamma)

gl = imadjust(f, [0 1], [1 @])
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g = imadjust(f,[low _1in high_1in], [low_out high out], gamma)

4 A 4
high_out + T T
gamma < | gamma = 1 gamma > 1
various mappings
available in
function
imadjust.
low_out +—! . — . — .
low_in high_in low_in high_in low_in high_in
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FIGURE 2.3 (a) Original digital mammogram. (b) Negative image. (c) Result of expanding the intensities in
the range [0.5,0.75]. (d) Result of enhancing the image with gamma = 2. (e) and (f) Results of using func-

tion stretchlim as an automatic input into function imadjust. (Original image courtesy of G. E. Medical
Systems. )
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(d) Result of
enhancing the
image with
gamma = 2,
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FIGURE 2.5

(a) A Fourier
spectrum.

(b) Result of
using a log
transformation.
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g = c * log(1l + f)

ab

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

g = im2uint8(mat2gray(log(1l + double(f)))) |
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{a) Bone scan
image. (b) Image
enhanced using a
contrast-stretch-
ing transforma-
tion. (Original
image courtesy
of G. E. Medical
Systems.)
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Bone scan image.
(b) Image
enhanced using a
contrast-stretching
transformation.
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AGURE 2.7 Various
ways to plot an
image histogram.
(a) imhist,

(b) bar,

(c) stem,

(d) plot.
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Color Specifiers Line Specifiers Marker Specifiers TABLE 2.1
. Color, line, and
Symbol Color Symbol Line Style  Symbol Marker marker specifiers
k Black - Solid + Plus sign for usem
o functions stem
w White - Dashed o Circle and plot.
r Red : Dotted ! Asterisk
g Green —a Dash-dot . Point
b Blue X Cross
c Cyan s Square
y Yellow d Diamond
m Magenta " Upward-pointing
triangle
v Downward-pointing
triangle
> Right-pointing
triangle
< Left-pointing
triangle
P Pentagram

(five-point star)

h Hexagram
(six-point star)
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LineSpec slacimsna

Symbol Color Symbol Line Style Symbol  Marker
k Black - Solid + Plus sign
w White - Dashed o) Circle
r Red Dotted * Asterisk
g Green —. Dash-dot . Point
b Blue none No line X Cross
c Cyan s Square
y Yellow d Diamond
m Magenta none No marker

Attributes for
functions stem and
plot.The none
attribute is
applicable only to
function plot, and
must be specified
individually. See the
syntax for function
plot below.
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FGURE 2.8
[Nustration of
histogram
equalization.

(a) Input image,
and (b) its
histogram.

(c) Histogram-
equalized image,
and (d) its
histogram. The
improvement
between (a) and
(c) is evident.
(Original image
courtesy of Dr.
Roger Heady,
Research School
of Biological
Sciences, Austra-
lian National
University,
Canberra.)
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[ustration of
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(a) Input image,
and (b) its
histogram.

(c) Histogram-
equalized image,
and (d) its
histogram. The
improvement
between (a) and
(c) is quite visible.
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Input intensity values

hnorm = imhist(f) ./ numel(f); % Normalized histogram
cdf = cumsum(hnorm); % CDF
plot([©:256], cdf)

Transformation
function used to
map the intensity
values
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FAGURE 2.10

(a) Image of
T T T T T the Mars moon
1 Phobos
(b) Histogram
(c) Histogram-
B equalized image.
(d) Histogram
of (c)
. (Original image
courtesy of
1 NASA.)
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(a) Image of the
Mars moon

6= |
) Phobos.

I 7 (b) Histogram.
4+ . (c) Histogram-
s i equalized image.
) (d) Histogram
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f1 = histeq(f, 256)
imhist(f1)
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histogram

0.005 matching.
(c) Histogram of
0 I L I I L (b).
0 50 100 150 200 250
x 10*
I I I I I

6 _

5 - —

4 _

1 -

0 50 100 150 200 250

© 2009 R. C. Gonzalez, R. E. Woods, and S. L. Eddins



Prepared by Kazim Fouladi | Spring 2018 | 39 Edition

(72 $r9usolS ilint Lo

CX T R

plS sesa Gaks

0.02 ab

ol 52t al S giuca B

0.015

(a) Specified
histogram.

(b) Result of
enhancement by
histogram
matching.

(c) Histogram
of (b).
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g = histeq(f, p) 6
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TABLE 2.2 Parameters and corresponding values for use in function adapthisteq.

Parameter Value

"NumTiles' Two-element vector of positive integers specifying the number of tiles by row and
column.[r ¢]. Both r and ¢ must be at least 2. The total number of tiles is equal to
r*c. The default is [8 8].

'ClipLimit’ Scalar in the range [0 1] that specifies a contrast enhancement limit. Higher numbers
result in more contrast. The default is 0.01.

'NBins' Positive integer scalar specifying the number of bins for the histogram used in build-
ing a contrast enhancing transformation. Higher values result in greater dynamic
range at the cost of slower processing speed. The default is 256.

'Range’ A string specifying the range of the output image data:
‘original' — Range is limited to the range of the original image,
[min{f(:)) max(F(:))].
'full' — Full range of the output image class is used. For example, for uint8 data,
range is [0 255]. This is the default.
'Distribution’ A string specifying the desired histogram shape for the image tiles:
‘uniform' — Flat histogram (this is the default).
‘rayleigh' — Bell-shaped histogram.
‘exponential' — Curved histogram.
(See Section 4.2.2 for the equations for these distributions.

'Alpha’ Nonnegative scalar applicable to the Rayleigh and exponential distributions. The
default value is 0.4.
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FIGURE 2.12 (a) Same as Fig. 2.10(a). (b) Result of using function adapthisteq with the default values
(c) Result of using this function with parameter NumTiles set to [25 25]. Result of using this number of tiles
and ClipLimit = 0.05.
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‘NumTiles’, [25 25],
‘ClipLimit’, @.05)
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