CHAFPTER TWO
INDUSTRIAL X-RAY IMAGING SCHEME

2.1 THE NATURE OF X-RAYS

THE idea of usingux*rays to produce wvisual

images of the objes eferred to as x-ray
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imaging.
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dete mine the wavelengths, and these were found to be
much shorter than the wavelengths of ultraviolet light.

An alternative theory of electromagnetic

radiation, the guantum theory, pictures the radiation
as the emission of distinct and separate "packets"” of

energy, known as quanta or photons . The energy of the



photon is directly proportional to the frequency of the
radiation. X-rays are penetrating because they consist
cf photons carrying a large amount of energy compared
to, for example,photons of visible light.
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It 15 therefore mandatory that technaloglsts understand
how each of these components work und haw they fit
together in the imaging chain. This is of wvital
importance,since technologists are directly responsible
for the safe operation of the eqgquipment and the

Production of optimum image guality.



R typical x-ray imaging scheme (Figure
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Each of these will now be discussed briefly

2.1)

with

a view of describing their general purpose in the total

imaging scheme.




2.2.1 The X-ray Source

This 1is a special kind of glass tube with a
highly sophisticated design. In the early days, x-rays
were produced in gas-discharge tubes. Today, X-rays

are produced in what is popularly referred to as the x-

ray tube, an evacuate ope consisting of two

electrodes - an axg

in ares of. an x-ray

tube are & produced by

thermionic N filament. The
%:“ighe target by a
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2.2.2 'The Imaging Object

The object in this context refers to the
materials. The input informatiﬂn{Figurez.l} is derived
from the materials. Transmitted X-rays are detected,

pProcessed, and later presented in some form for viewing

ﬁs in the nmaterials

e the fundamental

and interpretation.
The fact that
absorb X-rays in

basis for the f

2.2.3 P ; WeWeding System

Transmi Rlved by some kind

of detection idiography, the

detector is a f, M nation. In the

latter, the scre ¢ light and an

image is formed method of image

formatinn uses less ared to non-screen

techniques. -,;_—————————————“ -
v |"‘.
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(detector) is
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a fluorescent

Such a screen luoresces when
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tape and/or film.

In computed tomography the detector system can
be either scintillation crystals coupled to
phctahultiplier tubes or gas-ionization detectors,

These are special detectors which convert transmitted
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X-rays into electrical impulses. These impulses are
then converted into digital data and stored onto
magnetic tapes or disks. The digital data are then fed
into a digital computer which performs mathematical

operations on them to reconstruct an image.

The output im F§ g .case can be recorded

photographically record is

available or it storage devices

When ¥ 4 f L= ' ;WV%upon a detector

system, a The image is

rendered wvisi P 42 ’f nﬂ H to a processing
operation. Toda 41:if‘ Y of processing
systems.

The first nrocessing system,
analogous tou;:——ff—_—____—ﬁi .EJ ng system.

The .sqgvni -sif: is done by a
computer whi c}r ecnnstruc images wusing special

algonthﬂ ‘urg ’J %ﬂw‘}wﬂ’] ﬁeﬁnds special

computer rograms to iﬂlve both simple u d complex
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2.2.5 The Di and System

In computed tomography equipment, - the display

and viewing system is available as a television monitor.

The advantage of this method of display is that the

{1

operator can now contrel such factors as image .

brightness and contrast. The operator can also carry



ocut a number of other cperétians on the image, such as
magnification, measurements, and ;o ori, In the future,
such display and viewing consoles may become
commonplace in most imaging departments.

2.2.6 The High-V2lkble=. Generator
The high-voliaN

is a separate unit
_;‘iES a high voltage

datory for the

one of the
with which the

unit essentially

controls several py aging scheme. Such

parameters includei. which govern the

production of Wo

43]y of x-rays,

Z
as well as & SSfoxposure. For
these reasdns.j:nd many wmore, c¥dtrol panel is

characterl tie nfﬁe contr
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selec ors, the technologist sets up all the necessary
factors for the examination. He may select the
kilovoltage, the milliamperage, the duration of the
exposure, which may be controlled by an electronic or
automatic timer, and other factors as they relate to

the examination. The display meters, on the other hand,
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indicate to the operator whether the selected factors
are wutilized when the exposure occurs and whether the

system is improper working condition.

2.3 GEOMETRIC TOMOGRAPHY

In radiography, all structures in the object are

superimposed on film. stances, the image may

not clearly demgs ‘/) features of a

particular area s . Nnterest to the

technologist. fE‘TE nique of body-

section radiograg ‘tn demonstrate

this area with a gstrast and detail

than conventi 8rt, BSR is " a

procedure where; nes of the body

ftructures 1laying

above and below th lﬂﬁ{,a.g e ®f interest.

In the deygs Fﬁxyxﬁ ges of BSR, other

-

techniques wello — =1 same kind of
‘v |"
imaging. These m=C% J2rminography, and

are all based essentlally on the same
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stratigraphy)

TodQl the, general eunsensus is the use cf the
") Wmn‘mﬂwm ‘ﬂ'@ﬂﬂﬁ’l“
tome(Qut), to refer to any kind imaging technique

which demonstrates sections or "cuts" of the bedy.
More recently, anocther term, geometric
(30)
tomography has been used to describe the

fundamental principles of body-section radiography and

particularly to distinguish it from computed
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tomography.

Geametric tomography can perhaps be described in
term of:

(a) Longitudinal tomograpﬁy.

(b) Transverse axial tomography.

itudinal Tomogra
The term longd f in this context to
specify the ——re—s . — imaged, that

is, longitudinal 7 4 e This layer is

(POSITION 3) FILM FILM (rORITION 3
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Figre 2.3 The principle of longitudinal geometric 1*‘-'"'105“?1}?1 .

The principle of longitudinal tomography is

illustrated in its most fundamental form in Figure 2.3
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The important point in the figure is the relative
positions of the projected structures on film. When the
¥-ray tube is in position 1, the rib structure is
projected on the right side of the film.lwhen the tube

moves to position 2, the rib is now projected on the

left side of the film .pplies:to.the kidney;

" that is , in tube

the left side of™wm be position 2, it

is now projectesg # : z . the film. The
spine is the org WMbotains the same

position on the “.ie tube and film.

This indicateS joe” imaged sharply

and all other =1 JFf e -g "= "Tame plane as the
spine would b#® MSEnagiy

¥F 77 .
spine, then, is sai -‘fi_’ﬁ

A T
other structures i 'fi'-é-‘ b below the plane of

clarity. The

plane of focus." AaAll

focus are bl v r;

The  pggncIy o+ Tugh

i 2 i¥

tomography

invelves s:.multeaous movemat of the x-ray tube and

f£ilm in ﬂ%&’gﬁﬂ%jﬂﬂﬁﬁaﬁ forms the

ha51s all tomograpﬁf and determlnes blurr;ng
Cha&mﬁﬂﬂ'ﬁﬂ%&l%‘l%"ﬂﬁ’m Yoo e
be i ged

2.3.2 Transverse Axial Tomo r;'h

The fundamental objective of transverse axial
tomography (TAT) is to produce selectively transverse
sections (cross sections) of the body by rotating both

object and film simultaneously and in the same

014128
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direction.

Figure 2.4 shows a object positioned on a

pedestal which is coupled to a turntable that holds the

film. The coupling is such that the turntable and

o
pedestal could rotate through 360 in the same

direction.

Cad“entlnnal tomqgraphic 1mag1nq with

@RI HRNINHINY -

estatlished technique in radioclogy. There are

a few
limitations imposed by this method (such as low
contrast resoclution and long exposure time),

however, these are not serious since this method of

imaging has been used successfully for decades. One

such 1limitation (long exposure time) and others have

nchronous
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prompted the need to investigate other forms of

tomegraphic imaging. These method are discussed below.

2.3.4 Tomosynthesis

The word tomosynthesis implies that the

tomographic image can | ipulated by electronic

ﬁing the development

aphy. Whereas, a

means. It is a term.
and study of ot

conventional ton ssed chemically

by developer a not be changed

or enhanced at ccessing),images

cbtained by mel be manipulated

electronically Msuitable image

processing Matial frequency

filtration, for exj

The method = is are few and they

have not p——————— == e - — : 4 EﬁprEﬂﬁ 'uEE!;

i |
therefore, onliy =-c given here.

E ¥ l_! .l
The pur-ise of short exposure t¥nography can be
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intensifier and television camera tube.This was followed
by another technique called flashing tomosynthesis in
which 24 stationary-anode x-ray tubes are used and
which are all energized at the same time. Specially

coded aperture are alsoc used in this method.



Late in 1974, Weiss published a report on a
Eystem called cinetomosynthesis using the coded
aperture principle. The quality of the image obtained
with cinetomosynthesis is below acceptable limits and,

therefore, it will not be da bed here,

more recently . A 4 ff M Jgtronic  tomographic

technique, tomoscos = ‘1 Sklebitz and
(31) un 7 —

Haendle (1983) = . S lished in the

American Journal &

2.4 DIGITAL IM;

The histor o f PR AN by a digital

computer (digit :H-s back several

decades and its to attract

attention in anumbe
Digital image—ce o e ragard

interdisciplirig= Y] ves around
v I

physics, mathemaxf : cfputer science.

i —

In therefore has a wide spettrum of applications, for

e YN INGAT

biology, qpa omy and physialogy, weather forecasting,

as an
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Digital image processing " had ° significant
development at the Jet Propulsion Laboratory of the
Carifornia Institute of Technology where it was used in
space studies involving the challenge to put a man on

the moon. The images that were sent back from unmanned



craft such as Ranger, Surveyor and Mariner were all
subject to digital image processing techniques. The
processing of the poor and degraded images that were
sent back not only enhanced them but restored them as

well.

In general, ital image processing

émificant impact on

applications in-—g ie] _;ﬁ ecently, digital

in the space progg

image processig

application in
(32-48

medicine ied successfully

in techniques igraphy, digital

radiography, aging, nuclear

medicine and uitx

The incr+<‘iehf,' ' Y digital image
N /

processing is prima:ﬁé, g2od to advance in micro-

electronic tq¥pr Jjtics that can
be carried & 4 E‘.ch has become

more affordahl;f

alib)
mp@mﬁiﬁ%ﬁ;ﬁiﬂﬁmf‘i LT

number of ways. Images can alsu be formed in

several ways.

In photography, the image of an object is formed
by focussing 1light rays on film. The film 4is then
processed in specific chemical solutions to render the

image wvisible. In radiography, when a beam of x-rays
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passes through a object, the transmitted x-rays (the
¥-ray image) are projected conto x-ray film. The film is
then processed in chemical solutions to render it
visible.

The two examples ju given are images formed by

‘;“‘anmples of wvisible
éainting, drawing

the photochemical p&a
® images are pi
andoptical imac j " be formed by

photoelectronic the images can

be represented

Last can also be

represented as r Mand by neonvisible

means, such as te

The images | Bre analeg in form.

This means that

is continuously

available dig™ n > eﬁgon which is
available ined ) pulses. The

Wve is a geoaltal repifsentation of an

popular sine

analog siﬁal. I‘ﬂaries cont@luously with time.

UEAAUNANEINT

Dlgital image praﬁesslng mekes use of @y digital
cor® HON T B MUV VR oo
first be converted into digital form(number) .
Therefore, analeg information Eanalﬂg imaﬁes] must be
change into digital information which be computer can
use to process the data (Figure 2.5). This type of
conversion is referred to as analog—-to-digital

conversion and it reguires the use of an analog-to-
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tal converter (ADC).
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2.4.3 Definition Of Digital Image Processing

From the prevoius discussion, a formal basic

definition of digital image processing can be given.

Digital image processing is a technique whereby digital

information(numerical &

is fed into a, computer

ﬁ{prGCESsing] cn the

SSLVe a more useful

which performs spe
data to generate
purpose.

By defi; pProcessing has

a number of Puter-processed

information cj Whiber of ways to

provide benefitg synthesis, image

enhancement, stn_
2.4.4
2.4.4.1

How ochemical and

photoelectrorsd ¥

- = 1
Consider an ima¥e formed by the photodemical process,

e B NS I o

digital data?

an
arra of small rgﬁﬁﬁs ﬁ ; “gﬂm as
scarﬁ;m’lQQﬂ :J (ﬁﬂja - Each
small region in the picture is referred.to as a

pixel,

a contraction for picture element.

2.4.4.2 Ssampling
The next step inveolves a pProcess called
sampling. In sampling, the brightness of each pixel 1is

measured by using special devices, such as a
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photomultiplier tube. In an example given by Cannon and
(9)

Hunt a small spot of 1light projected onto a
transparency passes through it and is detected by a
photomultiplier tube. The transmitted light intensity

is converted inte electrical impulses by the

photomultiplier tube ; j impulses are compared

with the signal ol ide is in the path

of the original sampling, where

the relative l is sampled or

measured. This igure 2.8. The

process of sampligf A Watire image.
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Figure 2.
" The process of image sampling. The brighing

55 a2 each Fm._-] hara=iiem
measured with the aid of a photamultiplier tube or ather

switabile device




2.4.4.3 OQuantization

The third and final step in digitizing an image
is quanti&atian. Siﬁc; the brightness values obtained
during sampling are still analog signals, they must be

converted into digital information before they can be

fed into the ‘gtization is a process

ﬁssigned a discrete
d

whereby each bri

number (0,a posi e ber) called a gray

level. An image-& smsade up of a range

of numbers number of gray

levels is calls jre 2.9 shows the

process of qgu

scale.
An imag 32, 64, and =so
¥ e
on, gray scale ley el i&iggg 5e of two gray levels,
the gray scale wWg = .white only. In the
case of EG‘VZ Irdscale would be
black, the iﬂpo~‘ i . -:n#”‘shades of gray

L i

represented in. gh middle.

FI‘LIEI'J‘VI EWI‘iW!EI']ﬂ’i

BEf!

CRay
LEVELS = all
1

=) Ch oy

Figure 2.8
[ Prrem ates il .!n.llilla'.lll'-'-ll o I e anshni ] DopngBatage e & gy

et 10 4 o - fnnalag g vl a0 cias el T "
poay .

g .Ivu;:m'-! LN

pan Bosds s b et gl BBy

our—-level gray

24



2.4.4.4 Analog-to-Digital Conversion

The process of analog-to-digital conversion is
shown in Figure 2.10. The continuocus analog signal is
converted into a discrete digital representation by the

analog-to-digital conver

The faithful of the analog signal

to a digital sign: — septh"” of the ADC.

An ADC with mor a more failthful

reproduction o#% number of gray

levels would ; e, a 2-bit ADC

will generate /£ 4-bit ADC will

generate 16(2 ' J4Ff #F s .m-” digital image

processing systen ed in medical or

8

industrial imaginf bit ADCs(2 = 256

gray levels) and 10-bizgayiii 1024 gray levels).

Figure 2,10 Analog-to-digital conversiun. The continuous voliage wavelorm (left) is con-
verted into a diacrete or digital represenation (rght) by the ADC,

2.4.5 Image Processing Operations

The result of quantization gives an image which

is now broken down into digitals. These digitals are
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then sent to the computer for processing.

The computer uses suitable programs to process
the data to generate a desired result. Image prﬂcess%ng
operations include such techniques as manipulation

restoration, enhancement and analysis.

Image manipulags to image magnification

and windowing. Ima 'é'qlves algorithms to

correct image noir . shg:&iee enhancement is

a technique whicl e appearance of an

image. Contrasj on individual

I
-

pixels) and wighr _"f? Bhimage pairs are
examples of imay F J g': . ﬂpelratians.
Finally; image "an, # techniques which
allow the npera.o* '255; ,‘ ements ( were and
amplitude measurﬁme Eggggggi image) and other

guantitative

Once uyigg;g;gg;ﬁ f¥'j>e information

can be stored fjhto % #or fllpes or it can be

A

displayed as a‘: erical pr out or as an image on a

ﬂ Hﬂ’r;ﬂgﬁ‘ﬂﬂﬂ’]ﬂ%m

it must realized thit the n ericaltd: al) data
RN URIBIEIRE
1nfn’mation-

2.4.6 Digital-to-Analog-Conversion

The conversion of digital information to analog
form is accomplished by a digital-to-analog converter
(DAC). This conversion is illustrated in Figure 2.11.

Note that the analog signal obtained is not exactly
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the same as the original signal (Figure 4.10). There is
some loss of detail.

This analog signal goes to the television
monitor (an analog device) and Plays a role in

generating the television picture.

Dairtal

SbLaliLy b
Chay

Figre Z2.11 Digitzi-to-anal’
ot reoroduced faithfully es ¢
because of = lozs of detail.
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