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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
applying the log
transformation
given in

Eq. (3.2-2) with
c=1.
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Image as viewed on monitor
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FIGURE 3.7

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

(¢) Gamma-
corrected wedge.
(d) Output of
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

¢ =1land

= 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. Roocr 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

L -1 preservesall
other levels.

(c) An image.
(d) Result of
using the
transformation
in (a).
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One 8-bit byte

7 Bit-plane 7

(most significant)

Bit-plane 0
(least significant)

_SEE\_EEEXK

unsigned char {(r, ¢); — bool g(b, 1, ¢);

FIGURE 3.12
Bit-plane
representation of
an 8-bit image.
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FIGURE 3.13 An 8-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 eight 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
Eq. (3.3-4) to all intensity levels, . The resulting intensities, s, have a uniform PDF,
independently of the form of the PDF of the 7’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 1ts
corresponding
value v, via G(z).
(¢) Inverse
mapping from s;
toits
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) Original

image. (b) Result
of local

enhancement
based on local
histogram
statistics.
Compare (b) with

Fig. 3.26(c).
JCf(x. y) if kymg <mg < kymg AND ko, < o5 < kog

g(x.y) =
1 f(x,y) otherwise



=4
i
._W.A
i

H

B 7R 2R R

]

Ld

B H5EAIE

~
~ ~
Thes

)

[l

25 A A
T8
Ll

H 1H



ilmage origin N
a b \/L
/
gx,y) = z zw(s,t)-f(x+s,y+t) L
s=—at=-b T
I pi elsJ’
% vs. 570 BRCHESEXE = S

R HITREGRM(E, MBEXATER,

w(0,-1) w(0,0)

w(l,-1) w(1,0)

fa—1y+1) Filter coefficients

37



AT

1) #ZEUEFR
2) XHRUEFA
3) EHEH
4) EINIESR

FIGURE 3.29
Illustration of 1-D
correlation and
convolution of a
kernel, w, with a
function f
consisting of a
discrete unit
impulse. Note that
correlation and
convolution are
functions of the
variable x, which
acts to displace
one function with
respect to the
other. For the
extended
correlation and
convolution
results, the
starting
configuration
places the right-
most element of
the kernel to be
coincident with
the origin of f.
Additional
padding must be
used.
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FIGURE 3.30 Paddedf

Correlation
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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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(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.)




ENHTE T

P Z R ERREx, y) WA ERETT#RE X A:

92f  9%f

2 £

V' =02 t 5y

JLMERNNERETE T
O[11]0 1
1|41 -8
O[11]0 1
0]-1]0 RRIE
1) 4]-1 18
O-1]0 -1 | -1




FERRAERETE FiIT

- { (9= V2 £ (x, IR B R A RO R HN R
BTN Fx )+ V f(x, WAL R R AR R 0 AN IE




{RIg®

a
b c
de

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.)




Il)Q‘

{5 18m

(AA

I

RIE

=

=
210
>

E|fRigm ?
5 B ek

% 1% %ﬁ iﬁjz 51&,\ 5&




1% B R 45 8 0

B RiFAITAIE,

1T BBUFNR R Hb %t
KUAFE R

EE ;%a*lEﬂEl’J

RiG 5
ISR .

S[8]) FHAT

B3]

=

[, maBiEHkE

LR Z3 (5]

EERERRENX
AIN—LE R E] (P

eI ENIYEE @Jﬁﬁﬁ'ﬁ

=)

ElR =8




Il)Q'

1%%11@.5:&\5)4

B=A |
2 atg (DFT

B EEEEMTH®

[] ﬁﬁﬁiﬁkilbj&ﬂ;‘ﬁﬂj

& B SmIEE R

B SRERIERER AR e Bl R
B STERIEUEK A AL ER

II)Q




5 TR

~3J

)<l

5

— 4

EEH"’Q%@&,:\&Q*Q
Fu) = foof(x)e‘ﬂ”“xdx

f) = f " ey

BRI :

~ Znux
F(U)ZZ flx)e ,x=012,..,M—1

M
j2mux

flx) = F(u)e M ,u=012,..,M—-1

ﬁﬁiﬁiﬂ’%&é&ﬁ%% :

F(uw) = |F(uw)|e /oW

IFw)| = [R*(w) + Iz(u)];—; d(u) = arctan[l(u)

R(u)




S EUE N T #(DFT)

—HEDFT R E I
M-1N-1 Ij]$ijt
o UX VY. =P
F(u,v) = z 2 fx,y)e ") P(u,v) = |F(w,v)|? = R%(u, v) + I%(u, v)
i=0 j=0

u=20712...M-1
v=2012.. N-1

, M—-1N-1 L wx vy A] LLERR:

) =3 > D F@we™ W DET{p(y,y)(-1)*] = F(u — 2V =)
=002 M1 B R IR E R 3R (— 1) AT LB 20
y=012,..,N—1 TR RBE(C, )

EE (BEMESRIEE) : |Fwv)| = [R2(wv) + 2w, v)]z

1(u,v) ]
R(u,v)

ERSE: F0,0) = MN YN YN=3 f(x,y) = MNF, HefARRETRE

HfL: ¢(u,v) = arctan|




(VAL UE BT

BEMEHR (FT) \ BsEEENER (DTFT)
SEEEMTH (DFT) Z2EXA
B DFT: X—EHIEE

EEs it 19 S 7 5 RHEES 5 1 5 IDFT

5

x(t)

x[#]

b

t (3) t (7)
B i B SR S 55 18 ol DTFT 50 4 R 7 5157 18 LE
a3 A
5 —_—
@ @ Q jololalolelalalolalololalololalololalol
L - 1 g B L A
(2) f ) f (6) @ (8) @




Il)Q'

1%$ﬁi§kilmix

H=FH |
2 ar (DFT
B EEEEMTE®

SRELNETRE W

B SRERIERER AR e Bl R
B STERIEUEK A AL ER

II)Q




Frequency domain filtering operation

Filter
function
H(u,v)

Inverse
Fourier
transform

Fourier
transform

SRR B BN PR -
L. SRA(=1)*

2. F(u,v)

3. H(u,v)XF(u,v)
4. IDFT
5

6

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

Pre-
processing

. H:Ryz -EZ f[ (x. .\l) ngx. y) d
\ npu nhance
. %U(_ 1)x+y image image

FIGURE 4.5 Basic steps for filtering in the frequency domain.

G(u,v) = H(u,v)F(u,v)
g(x,y) = IDFT[H(u,v)F (u,v)]
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FIGURE 4.29

Result of filter-
ing the image in
Fig. 4.28(a) with

a filter transfer
function that sets
to 0 the dc term,
F(P/2,0/2),

in the centered
Fourier transform,
while leaving all
other transform
terms unchanged.

ab

FIGURE 4.28 (a) SEM image of a damaged integrated circuit. (b) Fourier spectrum of (a).
(Original image courtesy of Dr. J. M. Hudak, Brockhouse Institute for Materials Research,
McMaster University, Hamilton, Ontario, Canada.)
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FIGURE 4.30 Top row: Frequency domain filter transfer functions of (a) a lowpass filter, (b) a highpass filter, and (c)
an offset highpass filter. Bottom row: Corresponding filtered images obtained using Eq. (4-104). The offset in (c) is
a = (.85, and the height of H(u,v) is 1. Compare (f) with Fig. 4.28(a).
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FIGURE 4.9

(a) Gaussian
frequency domain
lowpass filter.

(b) Gaussian
frequency domain
highpass filter.

(c) Corresponding
lowpass spatial
filter.

(d) Corresponding
highpass spatial
filter. The masks
shown are used in
Chapter 3 for
lowpass and
highpass filtering.
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FIGURE 4.42

(a) Frequency
domain ILPF
transfer function.
(b) Corresponding
spatial domain
kernel function.

(c) Intensity profile
of a horizontal line
through the center

of (b).
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FIGURE 4.19 Historicaliy, certain computer Historically, certain computer
(a) Sample text of programs were written using programs were written using
poor resolution ‘s _ -
(note broken only two digits rather than only two digits rather than
characters in four to define the applicable four to define the applicable
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FIGURE 4.20 (a) Original image (1028 X 732 pixels). (b) Result of filtering with a GLPF with D, = 100.
(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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