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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.
Medical Systems.)
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FIGURE 3.5

(a) Fourier
spectrum.

(b) Result of
applving the log
transformation
given 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
v(c = 1inall
cases).
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FIGURE 3.7

{(a) Linear-wedge
gray-scale image.
{b) Response of
monitor to linear
wedge.

(c) Gamma-
corrected wedge.
{d) Output of
monitor.

Image as viewed on monitor

Image as viewed on monitor
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FIGURE 3.8

(a) Magnetic
resonance (MR)
image of a
fractured human
spine.

(b)-(d) Results of
applying the
transformation in
Eq. (3.2-3) with
c¢=1and

y = 0.6,0.4.and
0.3, respectively.
(Original image
for this example
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
applving the
transformation in
Eq.(3.2-3) with

¢ =1and

v = 3.0.4.0,and
5.0, 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. (¢) 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 range
| A, B] of gray
levels and reduces
all othersto a
constant level.
(b) This
transformation
highlights range
| A, B] but
preserves all
other levels.

(c) An image.
(d) Result of
using the
transformation
in (a).

0 A




N
P

5 B M T R eR B — EET

O R4 E LR xS 22 0E E R AV o1k

One 8-bit byte FIGURE 3.12

= Bit-plane ; Bit-plane

(most significant ) _ . .
representation ol
an 8-bit image.

I

I

I

I Bit-plane O
I (least significant)
[

I

unsigned char f(r, c); — bool g(b, r, c);
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FIGURE 3.13 An 5-bit fractal image. ( A fractal is an image generated from mathematical
expressions). (Courtesy of Ms. Melissa D. Binde, Swarthmore College, Swarthmore, PA.)

FIGURE 3.14 The ecight 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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FIGURE 3.18 (a) An arbitrary PDF. (b) Result of applying the transformation in
Eg.(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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FIGURE 3.19
(a) Graphical
interpretation of
mapping from r,
to s, via T(r).
(b) Mapping of z,
Lo 1ls
corresponding
value v, via G(z).
(c) Inverse
mapping from s,
Lo its
corresponding
value of z,.
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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. (c) 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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Correlation Convolution
e Origin f w ,— Origin f w rotated 180°
(a) 0O001T0DO0O00O0 12328 0001T0O0O0O0 82321 (i)
'
(b) 000100O00O0 0001T00O0O0 (j)
12328 82321

t Starting position alignment

+7 Zero padding —
— 1

(c0OODOODOO0O1O000O0DODO0OO0GO 000D0OD0D0O0D1T0000000O00 (k)
12328 82321

(d)0OOOODO0O01T00000000 0000000 TOO0OOOO0O0DO0O0 (I
123128 82321

b Position after one shift

(e) OOODODOO1TOODODODODODO0DO 00DO0ODODO0OOD10O0DODO0ODO0DO0O0OO (m)
12328 8
t Position after four shifts

%]
[
[
—

(f) O0O0OODOOD0ODT1TO0O0ODO00O0O0O D00O0O0D0OD0ODO0D1T0O00DO00O00O0O0 (n)
12328 8§ 2321
Final position 4
Full correlation result Full convolution result
(g) 000823210000 000123280000 (o)
Cropped correlation result Cropped convolution result
(h) 08232100 01232800 (p)

FIGURE 3.29 Illustration of 1-D correlation and convolution of a filter with a discrete unit impulse. Note that
correlation and convolution are functions of displacement.
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FIGURE 3.30
Correlation
(middle row) and
convolution (last
row) of a2-D
filter with a 2-D
discrete, unit
impulse. The Os
are shown in gray
to simplify visual

Cropped correlation result analysis.
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FIGURE 3.34 (a) Image of size 528 X 485 pixels from the Hubble Space Telescope. (b) Image filtered with a
15 X 15 averaging mask. (c) Result of thresholding (b). (Original image courtesy of NASA.)
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FIGURE 3.36
Ilustration of the
first and second
derivatives of a
1-D digital
function
representing a
section of a
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intensity profile
from an image. In
(a) and (c) data
points are joined
by dashed lines as
a visualization aid.
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FIGURE 3.42

(a) Optical image
of contact lens
(note defects on
the boundary at 4
and 5 o’clock).
(b) Sobel
gradient.
(Original image
courtesy of Pete
Sites, Perceptics
Corporation.)
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FIGURE 3.38

(a) Blurred image
of the North Pole
of the moon.

(b) Laplacian
without scaling.
(c) Laplacian with
scaling. (d) Image
sharpened using
the mask in Fig.
3.37(a). (e) Result
of using the mask
in Fig. 3.37(b).
(Original image
courtesy of
NASA.)
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Frequency domain filtering operation

Filter
function
H(u,v)

Inverse
Fourier
transform

Fourier
transform

TR R R ARSI
1. REA(—1)*Y

2. F(u,v)

3. Hu,v) X F(u,v)

4. IDFT

5. BHYSEH flx.y) lx, y)
6. FLAC-1)*™ e s

FIGURE 4.5 Basic steps for filtering in the frequency domain.

G(u,v) = Hu,v)F(u,v)
g(x,y) = IDFT[H(u,v)F(u,v)]
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FIGURE 4.6
Result of filtering
the image in

Fig. 4.4(a) with a
notch filter that
set to O the
F(0,0) term in
the Fourier
transform.
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FIGURE 4.31 Top row: frequency domain filters. Bottom row: corresponding filtered images obtained using
Eq.(4.7-1).We used a = 0.85 in (c) to obtain (f) (the height of the filter itself is 1). Compare (f) with Fig.4.29(a).
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(a) Gaussian
frequency domain
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(b) Gaussian
frequency domain
highpass filter

H(u) = Ae 20'2 (c?('mrrcspon.ding

lowpass spatial
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Chapter 3 for
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FIGURE 4.43

(a) Representation
in the spatial
domain of an
ILPF of radius 5
and size

1000 X 1000.
(b) Intensity
profile of a
horizontal line
passing through
the center of the
image.




n Bir ot R B R 8 K 25

1

2n
D(u,v)
Dy

H(u,v) =

14|

=D (u, v)



B 4 R ET R 8 ITE

BEFHILER, BULIE{IA10,
30, 60, 16070460,

KRR R 25 7~ {51
I b

.xnmH B ~ ab
oooa ‘ cd
I ef
aaaaaaaa L J

il ] ~«ummn

(@) |RE

soe d wd (b)-(H EHZ
(I 1]
48800020 |saaaaaad
.xnmEB ...-....
coe a o cee a
LLEE] (11111111
aaaaaaad aaaaaaaa



= HK] 1BIEN B

_D*(uw)
Hwv)=e 2P

H(u, v) H(u, v)

\

=% 1.0

0.667 —+

/DO= 100

D(u, v)

u P

u

SEKIEE NS (GLPF) HMEEMHETHtESER, FittiEid L
NHYIDFTE R Z B S HTE K 25 X BIRES -



SHMR BRSO

DR B |
. . . :J';h: =2
RS

aaaaaaaa L

ab
cd

ef

»d
I

..aa.l'd&la

a
111

aaaaaaaa

o
I

aaaaaaaa

e
I -

aaaaaaaa

(a) RIE

(b) (f) 1%)% I_JHﬁﬁEL_/)-E/EZ E’JQ:I:
R, #1ESE{I910, 30, 60,

16040460,



ab

FIGURE 4.19

(a) Sample text of
poor resolution
(note broken
characters in
magnified view).
(b) Result of
filtering with a
GLPF (broken
character
segments were
joined).
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Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingiy, the
company's software may
recognize a date using "G0"

as 1900 rather than the vEar
2000. }l

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
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2000. }l
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FIGURE 4.20 (a) Original image (1028 x 732 pixels). (b) Result of filtering with a GLPF with D, = 100.
i(c) Result of filtering with a GLPF with D, = 80. Note reduction in skin fine lines in the magnified sections
of (b)and (c).
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FIGURE 4.21 (a) Image showing prominent scan lines. (b) Result of using a GLPF with D, = 30. (¢) Result
of using a GLPF with D, = 10. (Original image courtesy of NOAA.)
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