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Origin N

Image f

3 X 3 neighborhood of (x, y)

— (x,¥)

Spatial domain

FIGURE 3.1

A3 x3
neighborhood
about a point
(x,y) in an image
in the spatial
domain. The
neighborhood is
maoved from pixel
to pixel in the
image to generate
an output image.
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s=T(r) s=T(r)
A R ab
do I ] FIGURE 3.2
- ! Intensity
- I transformation
T T(r)—~ A functions.

(a) Contrast-
| stretching

'
= ! function.
= | (b) Thresholding
= | ! function.
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Dark = + Light Dark = = Light
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FIGURE 3.3 Some
basic intensity
transformation
functions. All
curves were
scaled to fit in the
range shown.
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FIGURE 3.4

(a) Original digital
mammogran.

(b) Negative
image obtained
using the negative
transformation

in Eq.(3.2-1).
(Courtesy of G.E.
Medical Systems.)
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FIGURE 3.5

(a) Fourier
spectrum.

(b) Result of
applying the log
transformation in
Eq.(3.2-2) with
c=1
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FIGURE 3.6 Plots
of the equation

s = cr” for
various values of
¥ (¢ = linall
cases). All curves
were scaled to fit
in the range
shown.
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FIGURE 3.7
(a) Intensity ramp
image. (b) Image
as viewed on a
simulated monitor
with a gamma of
2.5. (c) Gamma-
corrected image.
(d) Corrected
image as viewed
Original image | Gamma Original image as viewed on ll'.;c same
correction on monitor monitor. Compare
(d) and (a).

Gamma-corrected image Gamma-corrected image as
viewed on the same monitor
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FIGURE 3.8

(a) Magnetic
resonance

image (MRI) of a
fractured human
spine.

(b)=(d) Results of
applying the
transformation in
Eq. (3.2-3) with

¢ = land

y = 0.6,04, and
0.3, respectively.
(Original image
courtesy of Dr.
David R. Pickens,
Department of
Radiology and
Radiological
Sciences,
Vanderbilt
University
Medical Center.)
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FIGURE 3.9

(a) Aerial image.
(b)—(d) Results of
applying the
transformation in
Eq. (3.2-3) with

¢ = 1land

vy = 3.0,4.0,and
5.0, respectively.
(Original image
for this example
courtesy of
NASA.)
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£
2 Lp- -
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Input intensity level, r
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FIGURE 3.10
Contrast stretching.
(a) Form of
transformation
function. (b) A
low-contrast image.
(c) Result of
contrast stretching.
(d) Result of
thresholding.
(Original image
courtesy of Dr.
Roger Heady,
Research School of
Biological Sciences,
Australian National
University,
Canberra,
Australia.)
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FIGURE 3.11 (a) This
transformation

highlights intensity

range [A, B] and

reduces all other

intensities to a lower N «—T(
level. (b) This -

transformation
highlights range

[A, B] and preserves
all other intensity
levels. : ‘
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FIGURE 3.12 (a) Aortic angiogram. (b) Result of using a slicing transformation of the type illustrated in Fig.

3.11(a), with the range of intensities of interest selected in the upper end of the gray scale. (¢) Result of
using the transformation in Fig. 3.11(b), with the selected area set to black, so that grays in the area of the
blood vessels and kidneys were preserved. (Original image courtesy of Dr. Thomas R. Gest, University of

Michigan Medical School.)
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One 8-bit byte

- Bit plane 8 FIGURE 3.13
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representation of
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FIGURE 3.14 (a) An 8-bit gray-scale image of size 500 X 1192 pixels. (b) through (i) Bit planes 1 through 8,
with bit plane 1 corresponding to the least significant bit. Each bit plane is a binary image.
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FIGURE 3.15 Images reconstructed using (a) bit planes 8 and 7; (b) bit planes 8, 7, and 6; and (c) bit planes 8,
7,6,and 5. Compare (c) with Fig. 3.14(a).
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! ho : FIGURE 3.16 Four basic image types: dark, light, low contrast, high
Histogram of dark image . = "
contrast, and their corresponding histograms.

L 1 1 1
T T T T
Histogram of light image

| 1 1 I
T T T T
Histogram of low-contrast image

| 1 1 I
T T T T
Histogram of high-contrast image
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T(r) T(r) M -
FIGURE 3.17
T (a) Monotonically

Single | im:rca_mng )

value, 5, function, showing
how multiple
values can map to

Single

a single value.
(b) Strictly
monotonically
increasing
function. This is a
one-to-one

1 mapping, both
ways.

value, 5,

0 Multiple Single L — 1
values  value
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FIGURE 3.18 (a) An arbitrary PDF. (b) Result of applying the transformation in
Eq.(3.3-4) to all intensity levels, r. The resulting intensities, s, have a uniform PDF,
independently of the form of the PDF of the r’s.
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TABLE 3.1
Tk M Pr(r) = m/MN Intensity
7o =0 790 0.19 1;!3511'1[1.11rmn“ancﬁl.
histogram values
rn=1 1023 0.25 for a 3-bil.
r =2 850 0.21 64 % 64 digital
=3 656 0.16 image.
=4 329 0.08
r5 =135 245 0.06
rg = 6 122 0.03
rp =17 81 0.02
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FIGURE 3.19 Illustration of histogram equalization of a 3-bit (8 intensity levels) image. (a) Original
histogram. (b) Transformation function. (c) Equalized histogram.
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FIGURE 3.20 Left column: images from Fig. 3.16. Center column: corresponding histogram-

equalized images. Right column: histograms of the images i
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192

128

FIGURE 3.21
Transformation
functions for
histogram
equalization.
Transformations
(1) through (4)
were obtained from
the histograms of
the images (from
top to bottom) in
the left column of
Fig.3.20 using
Eq.(3.3-8).



£ $r9uaolS ilins

HISTOGRAM EQUALIZATION

—— 255

128

64

128 192 255

(4) 5 (1) s cslapl S siasn 31 oaT crnsots o ol 5
L gdabae 3l sulital b

k K p
5, :T(rk):(L—I)Zpr(rj):(L—l)z% k=012,...,L—1
j=0 Jj=0

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

-
’”’;ﬁb/



ol
(P15 $ussd (5 Slawpaiio) ol S giasd ke

HISTOGRAM MATCHING (SPECIFICATION)

© Gy o sbie s gual S sladuSy suulie (555 oy (hass Jlacl al S ghuadr gaakad
sl sl a8 b (ool S giisa Histogram Matching

el al S giuna Jraad Glie ol S sluva Gl
el Gty 2A3 ol S Siuna a 55a el paiS o Sl sl Sl S
casls Gala Pz (2) ssadanin ol sals al S siuna S asalsa o

Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

P



FY $r9uaolS ilins
(aligiun coluadio) alSabus ot

HISTOGRAM MATCHING (SPECIFICATION)

B s il U holins ke 4 S S i o
s=T(r)= (L — 1)/rp,(w) dw
0
oS e i3 s i L 15 Z ol uite Jla
G() = (L - 1) / Pty dt = 5
0

Faso e cwads dalas ga cpl )
G(z) = T(r)
fo
z=G'T()] =G \(s)

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

P



#¥ $rigeolS ilin
(PS5 shnsa (5 jluspadiuo) ol S isaa (e
oS G g s

HISTOGRAM MATCHING (SPECIFICATION)

s=T(@)= (L - 1)/rpr(w) dw S e slane (50555 el 550 OV L Pr (r) Jazs *
0 oS e daulas 1, S = T(F) bas s

G() = (L - 1)/pz(t) dt = s S ‘*—wbjlb G(2) Jus s ¢
0 oS e daslas 1,2 = G (S) GusSae a0

2= GI(n] =G(s) oSl s 4 (58508 sl JpanS LIl o2 g0A nsead 0

(-iean S polie (las g g’ (ol 5o Sy polia)
S Jlael 15,2 = GTH(S) GusSine doash cosdifsand s suad 50 S Sluia b Juy 5o sl
(-l s s (o 503 sl 5o LB (sla Sy )
(BB GBSl oo ol b LSy ghen (S35 °
as 38152 sidan e PDF L ol s s sya 5o sus3 PDF

Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

P
)U}%b/



Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

0

(plS giuust ¢ SLugadidio) ol S giusd Giilas

EPgolS b

Gl slla
HISTOGRAM MATCHING (SPECIFICATION)

~muwmuuu_aduaz,g:m&s‘tsﬁ;sw&,s
o= T(n) = (L - 1)2pr< y= oS
iﬁ:ﬁw%wxacemﬁ‘ebzéd‘-@xﬁ»dh
Gz,) = (L - 1>i_§opz<zi)
ol e o
G(Zq) = Sk

:U""i':’

iqg = G_l(Sk)

P

>nj k=012,...
j=0



£ $r9uaolS ilins
(aligiun coluadio) alSabus ot
&Jﬂ‘ :M C,\-“A

HISTOGRAM MATCHING (SPECIFICATION)

1. Compute the histogram p,(r) of the given image, and use it to find the his-
togram equalization transformation in Eq. (3.3-13). Round the resulting
values, sy, to the integer range [0, L — 1].

2. Compute all values of the transformation function G using the Eq. (3.3-14)
forq =0,1,2,..., L — 1, where p_(z;) are the values of the specified his-
togram. Round the values of G to integers in the range [0, L — 1]. Store
the values of G in a table.

3. For every value of s, Kk = 0,1,2,..., L — 1, use the stored values of G
from step 2 to find the corresponding value of z,, so that G(z,) is closest to
si and store these mappings from s to z. When more than one value of z,
satisfies the given s; (i.e., the mapping is not unique), choose the smallest
value by convention.

4. Form the histogram-specified image by first histogram-equalizing the
input image and then mapping every equalized pixel value, s;, of this
image to the corresponding value z, in the histogram-specified image
using the mappings found in step 3. As in the continuous case, the inter-
mediate step of equalizing the input image is conceptual. It can be skipped
by combining the two transformation functions, 7and G!, as Example 3.8
shows.
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30 30T 1 FIGURE 3.22
25 . 25 + (a) Histogram of a
i 3-bit image. (b)
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Specified Actual

Zq Pz(zq) Pz(zk)
=0 0.00 0.00
=1 0.00 0.00
=2 0.00 0.00
73 =3 0.15 0.19
4= 0.20 0.25
5 =75 0.30 0.21
6 = 0.20 0.24
z7=17 0.15 0.11

TABLE 3.2
Specified and
actual histograms
(the values in the
third column are
from the
computations
performed in the
body of Example
3.8).
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TABLE 3.3

Zq G(zy) All possible
=0 0 vuluc§ of lhc.'
o transformation
“1 = l 0 function G scaled,
2= 4 0 rounded, and
73 =3 1 ordered with
=4 2 respect to z.
i5 = 5 5
=06 6
77 = 7
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TABLE 3.4

Sk — g Mappings of all
the values of s;

1 P 3 into corresponding

3 — 4 values of z,

5 - 5

6 — 6

7 — 7
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FIGURE 3.23

(a) Image of the

Mars moon
7.00 Phobos taken by
NASA’s Mars
Global Surveyor.
(b) Histogram.
(Original image
courtesy of
NASA.)
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0 | | |
0 64 128 192

Intensity
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n
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192 FIGURE 3.24
(a) Transformation
function for
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equalization.
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| | | out appearance).
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alblle

FIGURE 3.26 (a) Original image. (b) Result of global histogram equalization. (c¢) Result of local
histogram equalization applied to (a), using a neighborhood of size 3 X 3.
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FIGURE 3.27 (a) SEM image of a tungsten filament magnified approximately 130x.
(b) Result of global histogram equalization. (¢) Image enhanced using local histogram
statistics. (Original image courtesy of Mr. Michael Shaffer, Department of Geological
Sciences, University of Oregon, Eugene.)
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Rafael C. Gonzalez, Richard E. Woods,
Digital Image Processing,

Third Edition, Pearson Prentice Hall, 2008.
Chapter 3 (3-1 .. 3-3)
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