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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.

Negative
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FIGURE 3.7

(a) Linear-wedge
gray-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

¢ =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
applyving the
transformation in
Eq. (3.2-3) with

¢ =1 and

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 3.12
Bit-plane
representation of
an 8-bit image.
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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, 16
with bit plane 1 corresponding to the least significant bit. Each bit plane is a binary image.
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FIGURE 3.19 Illustration of histogram equalization of a 3-bit (8 intensity levels) image. (a) Original 23
histogram. (b) Transformation function. (c) Equalized histogram.
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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. (¢) 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 30
statistics. (Original image courtesy of Mr. Michael Shaffer, Department of Geological

Sciences, University of Oregon, Eugene.)
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Correlation Convolution
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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 3.34 (a) Image of size 528 X 485 pixels from the Hubble Space Telescope. (b) Image filtered with a
15 X 15 averaging mask. (¢) Result of thresholding (b). (Original image courtesy of NASA.)

39



25_1‘,'17"*5”5}_‘_/@//5'2’:%

O PEIERK
m AEEAE (B0) BEMPERKE LAXBRIBEIESF
HEEREHME. BIFELLZE AR OHENE OEFR S
RENDEEEMIEBREERDPIZERENE.
B CHPEEERSIS R .
m %R
> FHEODPESAERN 88, 95, 230, 110, 120, i%
KPMEHEXHEMES 88, 95, 110, 120, 230, HfI
FHEfE R “HE” £110.
> HAINAH: BERFREWVANGIT (PALIED
u =<'f’|'|_’.£f—l‘.'l7|_¢5”5r_/l._,/&

B mXEEEsS, MEEESS

40



RERIR PRI 22 B 1% RE

YIRS

kb (s 5

S
ﬁu 4
B Tl T
0

41



-:-—E I:I:l 1551&\5/£?

K, TR , et
HyRTiES 2l amm

42



il

O &R —MpoRiRE, LERRTEIEME

Il)&
¢
T

MNEBIBAOR 77 7

HUELIR 75 = sy B B AR XL B S ERREIEFERBE
Sl R R B RS
Fi3* 3B IR K FRIZ & 47— Lk

FA3*3Fh BB N e K IRIRE 43



FIF RETBRSZEIERK

3.1 5=
3.2 AN 7K FE AT

3.3 HEEAAIE
3.4 ZS[8)EN EAL
35 =i FiE
3.6 =it



I

O & ?K%iﬁ%%ﬂ?}%"mﬂ’ﬂ BRIRM . 105 A TFWAT K ERAYAL
LYY
O ElRTICEEMRERVERE, EERERKRIEEREFE.

O SAEMFEAN: RERENTEDS
" BA—MES RS N

of
= fa+ D - f(0)

62
O = flt D+ - 1)~ 2 (0

2

9
a_x]; ~ Fo(x+0.5) — fu(x — 05) = fx + 1,9) — 2f (%) + f(x — 1,)

45



iR L

Ve Intensity transition a
o —B — B — — - -E— -u
" ®- b
5 | “Constant “w ,’ c
intensity Ram !
g o4r NS Step —/ FIGURE 3.36
s 3 LN / Illustration of the
B 2 R / first and second
1L [ T p—— deriva}tiyes of a
0 N 1-D c!lgltal
function
15;2“ 6l6l6l6|5|4f3|2|1|1|1|1|1]|1]|6|6|6]|6]6[=* representing a
section of a
1st derivative 0 0-1-1-1-1-1 0 0 0 0 O 5 O O O O horizontal
2nd derivative 0 0-1 O 0 0 O 1 O O O O 5-5 0 0 0 . .
s ® intensity profile
s i from an image. In
- ,:" (a) and (c) data
3 [ points are joined
2 I by dashed lines as
= 1 n [t a visualization aid.
g 0p-—-@-o—[-0-0-0 _j@—@—-@--@'j‘h---,@---@---@ x
E -1 "‘@‘.__.___.._._.._._.._.,f" Zero crossing ' ,"
-2 - 11| ,"
—3= e Fist derivative ' '
—4 - O Second derivative lu’r 46
_5 L !




—Mr i s LB 1R

SRS AT AR S5, MMEE
O EREMT. FE L ES A B ER L ER
RAIEPERBMD FERE “BREE” , B
5 EEAR U ERNEE.

B NTHRFER, WRAESKRFTRIEE.

LR AP, ATREREEMHEE, Bt
FE Y 1‘%1&***% .

47



—B i s AL E R
BRANENZH, THRRN:

GLf(x, I=|f(x,y)— f(x=Ly)|+|f(x,y)—f(x,y—-1)

0 0 0 -1

-1 1 0 1

HEBEENIHET

48



HhEET

RobertsE ¥
Sobel &EF
Prewitt& ¥
Kirsch& F

« RIRF, FIBERVCHAE,

EREIEE

X 35 B Ml R A 2




Gyl
GX|
+
Gyl
50

<
e



— I T A R

O ETFSobel EFHI—M3iit
" WERMEM T FRRE S RE

ab

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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