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Preview

The principal objective of enhancement is to
process an image so that the result is more
suitable than the original image for a specific
application.

Image enhancement approaches

¢ Spatial domain methods
Based on direct manipulation of pixels in an image.

¢ Frequency domain methods
Based on modifying the Fourier transform of an image.
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Background
Spatial domain
¢ Refers to the aggregate of pixels composing an

Image.
¢ Operate directly on these pixels
i;i(gl?hlnrm}nd ”
?\m;])[ :1[1]::1] nhln age. #5)
Spatial domain process will \
be denoted by — [ mask
g(X’y):T[f(X’W] Image f(x, y) fllter
where f(x,y): input image ernel
g(x,y): processed image emplate
T: an operator mp
windows
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Background (cont.)

Gray-Level (intensity) transformation Function
¢ S=T(r)
¢ where T is gray-level transformation function

Processing technologies:

¢ Point processing

Enhancement at any point in an image depends only on the gray level at that
point.

¢ Mask processing or filtering

Use a function of the values of f in a predefined neighborhood of (x,y) to
determine the value of g at (x,y)

K =JT(r]| § = ;1"(:') ab
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Some Basic Gray Level Transforms

Some basic Gray Level
Transforms

¢ S=T(r)
nth root
¢ r:the gray level value before 3L/ i
process

¢ S the gray level value after
process

Negative

Log
nth power

L2 -

Output gray level, s

¢ Values of the transformation LA .
function typically are stored in l v o
a one-dimensional array and //
the mapping from r to sare o L L A -1
implemented via table lookups. s
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Some Basic Gray Level Transforms (cor

A Image Negatives

¢ Reversing the intensity levels of an image

¢ Photographic Negative
¢ S=L-1-r
C

Suited for enhancing white or gray detail embedded in dark

regions of an image
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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.)



Some Basic Gray Level Transforms (cor

Log Transformations
¢ S=c log(1+r)

¢ Maps a narrow range of low gray-level values in the input
Image into a wider range of output levels.

¢ To expand the values of dark pixels in an image while
compressing the higher-level values

ab

FIGURE 3.5
(a) Fourier
spectrum.
(b) Result of
applving the log
transformation
given in

Eq. (3.2-2) with

A Fourier spectrum
with values in the
range 0 to 1.5x1068.

c=1, the range gof
values : 0 to 6.2.
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\ Some Basic Gray Level Transforms (cor

A Power-Law Transformations

L=1

(; Szcrg y = 0.04

c s=c(r+ e% To account for an offset } (/_ oie

¢ where cand "gare positive f/
constants

¥ = 040
c Power-law curves with fractional Zz"[ / I
values of r map a narrow range /

of dark input values into a wider |

range of output values, with the 7 o
opposite being true for higher //J

values of input levels. 0

Input gray level. r

Output gray level, s
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Some Basic Gray Level Transforms (cor

A Gamma Correction
¢ The process used to correct this power-law response phenomena

Image as viewed on monitor

ab
cd

FIGURE 3.7

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

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

Gamma
correction

<

Image as viewed on monitor
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Some Basic Gray Level Transforms (cor

Example 3.1
¢ MR image of fractured human spine

¢ Contrast

manipulation

Fracture
dislocation

The best enhancement
in terms of contrast and
discernable detail was

obtained.
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c=1,
0.3

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

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.)

(Washed-out)
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\ Some Basic Gray Level Transforms (cor

ab
cd

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.)

Washed-out
appearance

=1, —

F4.0
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Some Basic Gray Level Transforms (cor
Picewise--LinearrTiansformatiaon Funetion

A Contrast Stretching

¢ Toincrease the dynamicrange “~'[ l
of the gray levels in the image - a4 :
being processed.

¢ Linear function
A Ifry=s;and ry=s,

¢ Thresholding
A Ifry=r, s=0 and s,=L-1

L2k T(r)

Ouput gray level

L/4
Input gray level.r

L2  3LA L—1

Control
points
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Some Basic Gray Level Transforms (cor

PicewiselLinear Transformation unction

AGray-level Slicing

~ . . . [TTTTTTTTTTTTTTTTTTTT et ab
AHighlighting a specific | ¢ d
i N i FIGURE 3.11
range of gray levels in an i (&) This
Image. l transformation
~ . . ! highlights range
ATo display a high ) | [ A, B] of gray
value for all gray levels | T | lewels and reduces
In the range of interest ! ) | i constant level.
| | | | (b) This
and a low value for all - : B : l : transformation
other gray levels. . — o . highlights range
~ . ) | | L 'y Lo 1 b Ly [ A, B] but
ABrlghtenS the desired o A B L-1 0 A B L -1 preserves all
range of gray levels but _ - other levels

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

preserves the
background and gray-
level in the image.
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Some Basic Gray Level Transforms (cor
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