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FIGURE 3.3 Some L-1 T T T
basic gray-fevel
transforaration
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FIGURE 3.4

(a) Original
digital
mammogram.

(b) Negative
image obtained
using the negative
transformation in
Eq. (3.2-1).
(Courtesy of G.E.
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FIGURE 3.5

{a) Fourier
spectrum,

(b) Result of
applying the log
transformation
given in

Eqg. (3.2-2) with
c=1

© 2002 R. C. Gonzalez & R. E. Woods

Thea (o am GXC.ump\e OQ“ S= \o%(tﬂ’)
naed To smake donk mfor maton on mon | for

mOreE 1T ble



Digital Image Processing, 2nd ed.

www.imageprocessingbook.com

Chapter 3

Image Enhancement in the

Spatial Domain

Output gray fevel, s
K
3]

Ly

© 2002 R. C. Gonzalez & R. E. Woods

L4 L2 3L/4 L-1
1nput gray level, r

FIGURE 3.6 Plots
of the equation

s = crfor
various values of
yic=1inall
cases).
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Image as viewed on monitor

FIGURE 3.7
(a) Lincar-wedge
gray-scale image.
(b} Response of
monitor to linear
wedge.

{¢y Gamma-
corrected wedge.
{d} Output of
monitor.
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FIGURE 3.8

) Magatic
tesonance (MR)
imiuge of a
Fractured hurman

Spine.
1hr4) Results of
applying the
transformation in
Eq £3.2-3) with
¢ = 1and
())r ;' 0.6, 0.4, and
3, vespectively.
c(m{}qn; intige
for this example
couriesy of Dr.
David R, Pickens,
Department of
Redivtogy and
Radiologent
Sciences,
Vaaderbilt

Liniversity
Madical Cenfer.)
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FIGURE 3.9

(&) Aerial image.
(b}-(df) Results of
applying the
transformation in
Eq. (3.2-3) with
c=1and

¥ = 3.0,4.0.and
3.0, respectively.
{Original image
for this example
courtesy of
NASA))
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FIGURE 3.10
Contrast
stretching,

(a) Form of
transformation
function. (b) A
low-contrast
image. (¢) Resull
of contrast
stretching.

{d) Result of
thresholding.
{Original image
caurtesy of

Dr. Roger Heady,
Research School
of Biological
Sciences,
Australian
National
Universily,
Canberra,
Australia.)
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FIGURE 3.11

(a) This
transformation
highlights range
[ A, B] of gray
levels and reduces
allothersto a
constant level.
(b) This
transformation
highlights range
{A, B] bt
preserves all
other levels.

(€) An image.
{d) Result of
using the
transformation
in (a).
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One 8-bit byte Bit-plane 7
: (most significant)

Bit-plane &

{least significant)

FIGURE 3.12
Bit-plane
representation of
an 8-bit image.
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FIGURE 3.13 An $-bil fractal image. (A {ractal is an image generated from mathematical
expressions). {Courtesy of Ms. Melissa D. Binde, Swarthmore College, Swarthmore, PA.)
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WAL | B g

FIGURE 3.14 'The cight bit planes of the image in Fig. 3.13. The number at the bottom,
right of each image identifies the bit plane.
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Dark image

E

FHIGURE 3.15 Four basic I(lw ly‘!eﬁﬁl’k,wl.mmmh’lyl contrast,and their cor-
71 responding histograms. (€riginal image courtesy of Dr. Ruger Hoady Research Schood
| of Biologieal Sciences, Austratisn Nations] University, Canberru, Australia.}
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FIGURE 3.16 A
gray-level
transformation
function that is
both single valued

and
monotonically
increasing.
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Spatial Domain

e

E
FIURE 3.17 (1) Images from Fig, X.15. (b) Results of histogram equalization. (¢) Cev-
responding hisiograms.
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FIGURE 3.18
Transformation
fanctions (1)
through (4) were
obtained from the
histograms of the 078
images in
Fig3.17(a), using
. (3.3-8).
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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,.
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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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1
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Input gray levels
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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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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
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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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fo

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.)
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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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FIGURE 3.38

(a) A simple
image. (b) 1-D
horizontal gray-
level profile along
the center of the
image and
including the
isolated noise
point.

(c) Simplified
profile {the points
are joined by
dashed lines to
simplify
interpretation).
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¢ 1 ¢ 1 1 1 §§
FIGURE 3.39
{a) Filter mask
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(b) Mask used to
implement an
extension of this
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FIGURE 3.40

() Image of the
North Pole of the
meon,

(b} Laplacian-
filtered image.
(¢} Laplacian
image scaled for
display purposes.
(:?h Image

Co) or\\%whd Mage

(1) haplaciam filtered imase
() haplacion filtered \mage. scal
(d)  =horpenng fitter Leglacian
"FO&,\?) —~ Vlfz(x,b) Poshve center coell.
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Wi  FGURE 3.41 (a) C mpnmz Laplacian mask. (b) A second composite mask. () Scanning
e electron microscope image. (d) and (¢) Resufts of Qilteding with the masks in (a) and (b),
ruspa,nvelv Note how muchshamr( )mhau (LI) (Original image courtesy of Mr. Michaef

Shaffer, 1) of Geologi ity of Oregon. Eugene.
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0 -1 0 -1 -1 -1 FIGURE 3.42 'The

high-boost filtering

technique can be
implemented with

-1 A+d] -1 A+ -1 either one of these

masks with A = 1,

0 -1 U -1 -1 -1
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FIGURE 3.43

(a) Same as

Fig. 3.41{c), but
darker.

(a) Laplacian of
(&) computed with
the mask in

Fig. 3.42(b) using
A=10

(c) Laplacian
enhanced image
using the mask in
Fig. 3.42(b) with
A = 1.{d)Same
as {¢), but using
A=17
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FIGURE 3.44

A3 X 3region of .
an image {the 2’s & s %
are gray-level
values) and masks
used to compute 2 N %
the gradient at

point labeled zs. .
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FIGURE 3.45
Optical image of
contact lens (note
defects on the
boundary at 4 and
S o'clock).

(b) Sobel
gradient.
(Original image
courtesy of

Mr. Pete Sites,
Perceptics
Corporation.)

© 2002 R. C. Gonzalez & R. E. Woods

(o) Om\%u}mﬁ Image. with sidw \19\(\{-m3,
(6)  Zobel opadient

— excellent bOWnquﬂ for cuutomated 1ns pecﬁon
o el %5\'3
— 3(“&&&»{1’*‘ olso ‘OY‘\Y)%S ~ud Smal) SPQGILE

in umiform background areac

45



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

5

FIGURE 3.46
(Continued)

{e) Sobel image
smoothed with a
& X 5 averaging
Filter. {) Mask
image formed by
the product of (<)
and (e).

(&) Sharpened
image obtained
by the sum of (a)
and {f). (h) Final
result obtained by
applying a
power-law
transformation to
{g)- Compare ()
and (h) with (a).
{Original image
courtesy of GE.
Medical Systems.)
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L FIGURE 3.46
’ (a) Image of
whole body bone
scan.
(b Laplacian of
{a). (c) Sharpened
image obtained
by adding (a) and
(b}. (dh) Sobel of
a).
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