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Introduction

The Object of this chapter

¢ defined the scope of image processing
¢ Give a historical perspective

¢ Briefly discuss the principal approaches

¢ The components contained in a general purpose
Image processing
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What is digital image processing?

What is digital image processing?
¢ Animage may be defined as a 2D function

f(x,y)

where
X, Y. spatial coordinates
amplitude of f(x,y) is called the intensity or gray level

¢ Digital image
¢ Digital image processing

Processing digital images by means of a digital computer.
¢ The element of a digital image

Picture elements, image elements, pixel
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What Is digital image processing? (cont.

Three types computerized processes:

c Low level

Basic operations such as noise reduction, contrast
enhancement, and image sharpening.

¢ Mid-level
Segmentation, classification
¢ High-level
Understand the meaning of the recognized objects.
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The origins of Digital Image Processing

Historical Perspective

¢ 1920, newspaper industry

Bartlane cable picture
transmission system

Reduce the time required to
transport a picture across the
Atlantic from more than a week to
less than three hours.

Specialized printing device coded
pictures for cable transmission
and then reconstructed them at
the receiving end.

FIGURE 1.1 A
digital picture
produced in 1921
from a coded tape
by a telegraph
printer with
special type faces.
(McFarlane. )

Reproduced on a telegraph FIGURE 1.2 A
printer fitted with typefaces digital pictue<
. . made ir L

simulating a halftone pattern. from a tape
punched after the

S gray levels signals had
crossed the

¢ 1921 Adtlantic twice.

Some errors are

Tape punched visible.
(McFarlane.)

Medical Image Processing & Neural Networks Laboratory



The origins of Digital Image Processing (cont.)

c 1929
A 15 gray level

A Developing a film plate via light beams that were modulated
by the coded picture tape improved the reproduction process
considerably.

FIGURE 1.3
Unretouched
cable picture of
Generals Pershing
and Foch.
transmitted in
1929 from
London to New
York by 15-tone
equipment.
{(McFarlane.)
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The origins of Digital Image Processing (cont.)

A series of key advances that led to computers
powerful enough to be used for digital image
processing:

¢
¢

O 0O 0O O O

The invention of the transistor by Bell Lab. In 1948

The development of the high-level programming languages
In the 1950s and 1960s.

The invention of the IC at Texas Instruments in 1958.
The development of OS in the early 1960s.

The development of the nP by Intel in the early 1970s.
Introduction by IBM of the PC in 1981.

Progressive miniaturization of components.

Medical Image Processing & Neural Networks Laboratory 7



The origins of Digital Image Processing (cont.)

¢ The first computer powerful enough to carry out meaningful
Image processing tasks appeared in the early 1960s.

c 1964
A First picture of the moon
A By spacecraft Ranger 7
A July 31, 1964 at 9:09 A.M

FIGURE 1.4 'The
first picture of the
moon by a U.S.
spacecraft.
Ranger 7 took this
image on July 31,
1964 at 9:09 A.M.
EDT, about 17
minutes before
impacting the
lunar surface.
(Courtesy of
NASA.)
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The origins of Digital Image Processing (cont.)

¢ The late 1960s and early 1970s digital image
processing techniques began to be used in
medical imaging, remote Earth resource
observations, and astronomy.

¢ The invention in the early 1970s of computerized
tomography (CT) is one of the most events in the
application of image processing in medical
diagnosis.
CT was invented by Godfrey N. Hounsfield and Allan M.
Cormack, who shared the 1979 Nobel prize.
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Examples of fields that use digital image proces

A The electromagnetic spectrum arranged according
to energy per photon

Energy of one photon {electron volts)
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Gamma rays X-rays Ultraviolet Visible Infrared Microwaves Radio waves

FIGURE 1.5 The electromagnetic spectrum arranged according to energy per photon.
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‘ Examples of fields that use digital image proces
(cont.)

ab
cd

FIGURE 1.6
Examples of
gamma-ray
imaging. (a) Bone
scan. (b) PET
image. {c} Cygnus
Loop. (d) Gamma
radiation (bright
Gammaray  swiona
reactor valve.
(Images courtesy
of (a)y GE.
Medical Systems,
(b) Dr. Michael
E. Casey. CTI
PET Systems,
(c) NASA,
(d) Professors
Zhong He and
David K. Wehe,
University of
Michigan.)

W=
(Cygnus Loop)
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‘ Examples of fields that use digital image proces
(cont.) - all '

A X-ray imaging
¢ Medical diagnostics
¢ Industrial inspection

FIGURE 1.7 Examples of X-ray imaging. (a) Chest X-ray. (b) Aortic angiogram. {c) Head
CT. (d) Circuit boards. {¢) Cygnus Loop. (Images courtesy of {(a) and (c} Dr. David
R. Pickens, Dept. of Radiology & Radiological Sciences, Vanderbilt University Medical

i i Center, (b) Dr. Thomas R. Gest, Division of Anatomical Sciences, University of Michi-
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‘ Examples of fields that use digital image proces

(cont.) [ £ A3o | R/Aéo J

A Ultraviolet( ™ ) band uin

C

Imaglng IFEIGUREILBf
LU T ) xampeso
¢ LitographyGk 0 8)
¢ Industrial inspection (st
¢ Microscopy( ) i el
(b} Dir. Michael
¢ Laser e
: : . . University,
¢ Biological imaging (©) NASA)
¢ Astronomical
observatlon(m, " )
C o T NKOTY
L Atvlée 1Tl MA
AT A LY
AN cY L _ TR
a
A.KL AT-JB Y u (Cygnus
R RO vl Loop)
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‘ Examples of fields that use digital image processing (c

A Imaging in the Visible and Infrared bands
E (cholestrol), 40X }

Taxol(¢ =z
250X

[oxide thin film), 600X | SENERS, &) R

FIGURE 1.9 Examples of light microscopy images. {a) Taxol {anticancer agent), magnified
250%. (b) Cholesterol—40x. (¢} Microprocessor—60:. (d) Nickel oxide thin film—~600

M ed |Ca| I m ag e P ro CeSS| nee© Surface of audio CD—1750 . (f) Organic superconductor—4503. (Images cour- 14

« tesy of Dr. Michael W. Davidson, Florida State University.)



Examples of fields that use digital image proces
(cont.)

Themati ¢ bands 1 n NASAOGS

TABLE 1.1

. Band No. Name Wavelength (pm)  Characteristics and Uses
Thematic bands
in NASA's 1 Visible blue (.45-0.52 Maximum water EARRT 2
LANDSAT penetration
satellite. 2 Visible green 0.52-0.60 Good for measuring plant QA b 1j
vigor )
3 Visible red 0.63-0.69 Vegetation discrimination Q "
4 Near infrared 0. 76-0.90 Biomass and shoreline Q u Y y
mapping
3 Middle infrared 1.55-1.75 Moisture content of soil E u IIEARS z
and vegetation
i Thermal infrared 10.4-12.5 S0il moisture; thermal E RS ( V)
mapping
i Middle infrared 2.08-2.35 Mineral mapping Qv
LANDSATO ™~ A3 A" 0 bI'EM u A Yw ° A o]
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‘ Examples of fields that use digital image proces
(cont.)

Images of population centers are used routinely to assess population growth and shift
patterns, pollution, and other factors harmful to the environment.
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