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FIGURE 3.19 1 - '
(a) Graphical

interpretation of
mapping from r,
to 8 via T(r).

{b) Mapping of z,
oits
corresponding
value v, via G(2).
{c) Inverse
mapping from s,
toits
corresponding
value of 2,.

© 2002 R. C. Gonzalez & R. E. Woods

Pr\%orr\'\r\ o)

® Compide hlsb%cthg orwgmaQ lma%,q, |
@ compude wnform mcuypm§ v onto [0,1] b%

QomPUgmqg cwnm,fu,‘\‘fvﬁ istel ‘ouf’ﬂ‘on ’Pum chon (CDF)

@ 5;mi(cx/{\ib- Lompule e LD for Tha
desired ovd ”\DL»CX +romsfor nmiaton
@ S*Mﬁﬂgj\od S¢ =0 Hﬂrovﬁ-‘(mgmase,) ’tp find

) Looe
voluw &y whicn O‘fﬁfﬂ%@ sedizhe s

the fumction (c:w)«,_ Repeat for all Sy WPTD 1.

@ QOMb\n& m rk% gk MCLPp\nj with he FCSLL,,\Q*:-‘J
ot @ To gg—k 1he ﬁm ction a._C Wi QP 0N V\LP} Z,
CLAN r\/ QDV\SJW’OC‘" ac ‘h‘CA/hS‘C()r ma ion '\»'0»\9‘6’_

19



Digital Image Processing, 2nd ed.
Chapter 3
Image Enhancement in the
Spatial Domain

© 2002 R. C. Gonzalez & R. E. Woods
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Number of pixels ( X 10%)

1 dos
64 128 2 255
Giray level

g

FIGURE 3.20 (a) Image of the Mars moon Photos taken by NASA’s Mars Global
Surveyor. (b) Histogram. (Original image courtesy of NASA.)
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Qutput gray levels

Number of pixels ( X 10%)

1
64 128 192

Input gray levels
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!
64

Il e
128 192 255
Gray level

|
®

FIGURE 3.21

(a) Transformation
fuaction for
histogram
equalization.

(b) Histogram-
equalized image
(note the washed-
out appearance).
(<) Histogram
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(@) Thiois The desvred. Mcwwd(j generoted hxs‘rogmm,
Note That The 5 o continuous +fwn cthon .

(b) (D & The computed CPF, 0] The disired histogram
e&me,n (0. ‘
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FIGURE 3.23 (a) Original image. (b} Resalt of global histogram equalization. (¢) Result of local histogram
equalization using a 7 X 7 neighborhood about ¢ach pixel.

© 2002 R. C. Gonzalez & R. E. Woods

23



Digital Image Processing, 2nd ed.
Chapter 3
Image Enhancement in the
~ Spatial Domain

E 3.24 SEM
image of a
tungsten filament
and support.
magnified
approximately
130X {Original
image courtesy of
M. Michael
Shaffer,
Department of
CGieological
Sciences,
Universit;
Oregon. Eugene).

© 2002 R. C. Gonzalez & R. E. Woods
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E
FIGURE 3.25 (a) Image formed from afl Jocal means obtained from Fig. 324 using Eq. (3.3-21). (b) Image
formed .[r(.\m gll local standard deviations obtained from Fig. 3.24 using Eq. (3.3-22). (¢) Image formed from

all multip used to produce the enh d image shown in Fig. 3.26.

© 2002 R. C. Gonzalez & R. E. Woods
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FIGURE 3.26
Enhanced SEM
image. Compare
with Fig. 324, Nowe
in particular the
enhanced area on
the right side of

© 2002 R. C. Gonzalez & R. E. Woods
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Eae
mEn

FIGURE 3.27

(a) Original
image. (by AND
image mask.

(¢) Result of the
AND operation
on images (&) and
{(b). (d) Original
image. (&) OR
image mask.

(fy Result of
operation OR on
images {d) and

@
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FIGURE 3.28

() Original
fractal image.

(b) Result of
setting the four
lower-order bit
planes to zero.
{c) Difference
between (a) and
(b).

() Histogram-
equalized
difference image,
(Original image
courtesy of Ms.
Medissa D. Binde,
Swarthmore

© 2002 R. C. Gonzalez & R. E. Woods
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e

FIGURE 3.29
Enhancement by
image subtraction.
(a) Mask image.
(b) An image
(taken after
injection of a
contrast medium
into the
bloodstream) with
mask subtracted
out.
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&

FIGURE 3.30 (a) lmage of Galaxy Pair NGC'3314. (b) bnage corrupted by sdditve Ganss-
ian nowke with zero mean and a standard deviation of 64 gray tevels (¢)+f) Results of av-
eraging K = & 16,64,and 128 noksy images. (Original image coonesy of NASAL)

© 2002 R. C. Gonzalez & R. E. Woods
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Wy
FIGURE 3.31
{a) From top 1o
hottom:
Differeace images
ween
3.30(a) and
5 o Egesin

4
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FIGURE 3.33
Another w, v wy
representation of
ageneral 3 X 3
spatial filter mack. P N
w5 N uy
© 2002 R. C. Gonzalez & R. E. Woods
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e
! ! 1 ! 2 1 FIGURE 3.34 Two
3 X 3smoothing
4 {averaging) filter
x| 1 1 1 €5 2 4 2 masks. The
constant multipli
erin front of each
1 1 1 1 2 1 miask is equal to
the sum of the
values of its
coefficients, as is
required to
compute an
average.

Tl
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gbook.com

3 FIGURE 3.35 (a) Originatimage. of size 500 « 500 pixels. (M)—«(f) Results of smoothing

iggf  with square averaging filter masks of sizes n = 2,5,9.15, and 35, respectively. The black

i squares at the top are of sizes 3. 5,9, 15, 25, 35,45, and 55 pixels, tespectively; their bor-
dors are 25 pixels apart. The etters at the bottom range In size from 10 1 24 points.in
incremeats of 2 points; the Jarge letter at the top is 60 poimie The vertical bars are 5 pix-
els wide nnd 100 puels ‘high; their separation is 20 pixet: The diameter of the circles is
25 pixels, and their borders are 15 pixels apart; their gray levels range from 0. to 100%.
‘Black in increrments of 20%. The background of the i ﬂmg: is 1% dlack. The aobsy rec-
tangles are of size S0 x 120 pixels.

© 2002 R. C. Gonzalez & R. E. Woods
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FIGURE 3.36 (a) [mage from the Hubble Space Telescope. (b) Image processed by a 15 X 15 averaging mask.
{c) Result of thresholding {b). (Original image courtesy of NASA.)

© 2002 R. C. Gonzalez & R. E. Woods

OP‘S.\Vim»Q l{y\g‘ resho Y
au@a%wj

36



Digital Image Processing, 2nd ed.
Chapter 3
Image Enhancement in the
Spatial Domain

FIGURE 3.37 (aj X-ray image of circuit board corrupted by satt-and-pepper noise. {Iv) Noise reduction with a
3 X 3 averaging mask. (¢) Noise reduction with a 3 X 3 median filter. (Original image courtesy of Mr.Joseph
E. Pascente. Lixi. Inc.)
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