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PROPOSED PROJECT: AN IMPROVED FORM OF X-~RADIOGRAPHY

1. INTRODUCTION

The purpose of the study is to investigate the
; employment of & computer to make better use of the information
obtained when an object is exemined by gemme rays or X-rayas.

It is well known that when an X-~yay picture is taken
through an object the three dimensional interior must be shown
as & two dimentional picture. Hence all details from front

[ ¥0 rear appear superimposed one upon another and a ¢?ETE§$§
_ picture results; indeed, any 'submerged’ ehaecﬂhaéually hasg
& %0 be comparatively thick to be seen at all.’ As an
1l illustration, if the object %o be studied was one such as a
' book, normal methods of X-ray pictures would reveal 1little of
l the content, because the information on, eay, a middle page
could not be extracted from the confuslion ceused by all the
: other pages in front of and behind it. However, it 1s hoped
| thet the system under investigation would be capable of
' exdracting the information from one page (or slice) only, thus
presenting a map of all the information contained in that
slice only, irrespective of that on the pages on either side

of i%. This concept is illustrated in Figures 1 and 2 on
page .

In Figure 1 the normal X-ray technique is shown
producing a confused and fuzzy picture of all the objects in
the path of the X~ray beam AB, whereas in Figure 2 the
proposed esystem produces a clear outline of all submerged
objects within the body.
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2. DESCRIPTION OF THE SYSTEM ( ‘

B

b Figure 3 illustrates the scanning system. The object
‘ t0 be examined would be scanned in one plane only by a very
narrow beam of gamma~rays*emitted by source A not only linearly
across the plane in a direction X, but at all angles as
illustrated by the 2nd, 3rd, etc. scans.

/‘F\,’The gamﬁéwr&ys*which penetrate the object would be
detected by an accurately aligned co11jmator and sensing
device, B, which would always be pointimg towards the source
of the gamma rays. The readings from the deteetor taken , =,
"round the edge" of the object would—be digitised"—hd fed to ‘ '
a computier for processing. If sufficient scans and angles. & g#‘wj;?
of Bcan are made there should be enough information from the
‘sdge’ readings in the detector to produca euffioienﬁ equations
to caleculate by computer the value of transmission of each’ cubic
millimetre of material within the slice (i.e. there would be more
equations than variables). A eruﬂe picture. could, therefore, be

built up in matrix form-eﬁ—«he absorption of the material within
the “slice“ y . - : Sdid gy
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¥ or any other rays used for diagnosis.

3. ADVANTAGES OVER THE CONVENTIONAL X-~RAY EQUIPMENT IN THE
MEDICAL FIELD

The principal application would be for detecting
%umours and suchlike tissues which are likely %o vary from a
minimum of 1 cubic centimetre to a maximum of 60 cubic centi-
metres in volume. A high definition would therefore not be

called for and it is accordingly possible to concentrate on
“accurate absorption readings.

The importance of this mew system lies in the fact
that the calculated absorption values are 100% due to the
material constituting the tumour, whereas in the conveniional
X-ray pilcture they represent the mean abgsorption of all the
material along the line of the penetrating rays (1line AB in
Figure 1) of which only a very small perceniage will be due
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absork 5% more gamma rays or X-rays than the noymal healthy
sue round them, and ﬁhoraxgre higher accuracies of detection
are very much in demand.

Farthey aﬁvanﬁages of such a system would bes

(1) In genexal the systom makes batiter use of available
information which is presenwed Lﬂ the forn ef HOTe |

vt i difeses o uﬂ#
accurate absorption readings, and agb%ncrp%seéﬂnnmy FRTVO
L’ ol fobkr a O+ x
of pietures for the same dose of radiation to the patien“n

The tones and detail of the piciure would not be chbscured
as in normal X-ray pilctures by other confusing information
being printed on top (equivalent %o, say, 40 superimposed

pictures).

(2) Absolute valugs of gbgorption could be plotted

accurately fLor each cubic centimetre of material within
the slice {if necessary these could be plotted as numbers
for comparison with each other). 'The 'contrast’ of the

pieﬁure could be arranged so that the full black to white

range represenis a window of very small ranges of absorption.

COMPARISON WITH TOMOGRAPHY

The following paragraphs describe how & simple
comparison can be drawn beitween the proposed system and
Yomography, end indicate that it -must be posesible to obtain
more information and betier accurasy, for a given dosage, by
means of the system propesed.

Figure 4A illustrates the usual movement of the
plate and source in %Yomography. The line A B is on a row
of elements through the slice %o be viewed, which would be
perpendicular to the paper. The shadow of these elements
would be kept stationary on the photographic plate whereas

areas at O and P would move and blur; and information concerning

these areas is therefore lost. For convenience, the beam from
the X-ray source is shown as e mulitiplicity of beams 1 om in
diameter and the elements %o be measured 1 cm”. If the beody



ie 40 cm thick, then 1 em> of material in the slice would
infiluence only a smell proportion of the I=-rays arriving
et the plate - approximately 3%; the rest of the rays

arriving produce fogging or blurred imeges superimposed
upon %the picture.

It is possible %o replace the plate with a series
of detectors (at @, b, & ...) approximately 1 cm epart and
to take readings at a number of angles (representing say 1 em
of movement of the source) as the source is rotated around the
body. The sum of the readings on each detector during one partial
rotation of the source would then produce a tomograph of AB
squivalent to the normal method, end with no extrae radiation
required. The two systems are therefore comparable. However,
it can be seen in Fig. 4A that there is a whole series of lines
above and below the line AB, e.g. CD and EF, which, if the
readings from the detectors are chosen in a gcertain order and
added , would produce & different section through the body. The
whole body therefore can be covered by a series of calculated
tomograms with the dose required only for one tomogrem produced

in the normal way. A possible method of removing blur might
be as follows -

(2) Produce tomogram of line AB.
(b) Caleulate the blurring of this tomogram from

the information contained in all the other

tomograms on either side of i%, l.e. areas
O and P.

(e) Subtract (b) a.né (a).

This method of producing & more accurate tomogram is however
impractical. It only serves %o show in o gimple way that
information is avalable for obtainings-

(1) Considerably more pictures for the same dose.
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More accurate absorpiion readings with "blurring®”
and "fogging® removed.

In practice, it is easler and more accurate to
calculate the picture from the readings as described in
paragraph 2 above  as it can be seen that Fig. 4A is only
a gpecilal case of Tig. 3, the scan in the latter being shown
as parallel lines rotated through 180° whereas %he Pormer scans
over approximately 90° with alightly converging lines. The
proposed system is therafore a method of producinzg an idealised
type of tomogram.

o L

Note
Methods of producing a number of pictures at the
same time in ftomography by using more than one plate must

>

result in an overall reduction of information on each plate

[

the available photons must be shared by the plates.

TECHNICAL CONSIDERATIONS

The method described at the beginning of this paper
illustrates a simple system. A study has been made of the
practical problems of this system and the following conclusions
have bsen drawn.

5.1 Choice of Source

(1) Low energy gemma sources (such as Americium 60 keV)
produce an ideal single line spectrum at the correct energy
level, but have insufficient intensity of radiation. It w
take many hours %o produce & picture from these sources.

(2) Higher energy sources (such as Cagsium 137 = 600 keV)
are a considerable improvemant; +the production of a picturs
would take less than one hour but the separation and detection
of the various tissues of the body is not as good as the low
energy X-=rays or gamma Yays.



(3) Z-rays. There is theoreiically sufficient
intensity to produce a series of 40 pictures in less than
one minute, but to handle this rate of information a special
array of linear detectors would have to be developed
(deseribed later). Hawever, using a bank of 10 seintillation
countiers at present obtainable, & useful picture could be
obtained in 3 minutes. A picture with the meximum posaible
information would teke 1 hour. o wswialimesr delecloffd niwilin .

I% is well known that X-ray sources have considerable
spread over the energy spectrum and this could complicate the
compulier program. I% may be possible that ‘the source would
. have %0 be calibrated by means of a "phantom" wedge end the
results fed intc the compuier for reference. Experiments
would have to be conducted %o deduce the limits of accuracy
of such a system.

5,2 Dateciors

Por most laboratory and prototype machines
gseintillation counters would be adequate. However, their
use 1s restricted by an upper l1limit of the rate of counting;
they are costily and the number used per equipment must therefore
be restricted. Both these factors musﬁ_increase the time taken
%o obtain a picture. It can be shown that the accuracy of the
detector need be no greater them 1 part in 1000 to produce
approximately 2% accuracy of absorption reading on the picturs.
The range of accuracy need cover only 1/3 of the full range of
the detector. I% may be possible therefore in the future to
use analogue methods of proportional detection from 2 bank of
semlconductors *(see Fig. 4B). The output of each detector
could be integrated and electronically scanned sequentially
%o reduce the complexity of equipment (variations of d.c.
levels and gain could be corrected by the computer).

One half rotation of 180° would be required (Fig. 4B)
$o produce 40 "slices® in considerably less than 1 minute.
Such a device must be considered as a posgible future solution
o the problem of excessive time %o obtain a picture. ,
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¥ As an interim measure,scintillatorg and photomultipliers

could be used in a linear mode of operation but later

semiconductors may be developed to fit this application.



5.3 Definition

If a one centimetre wide beam is chosen, a resolution
better than 1 em could be obtained; for example, if the
shape of the cross—seciion of the beam is known, at least
three extra values may be computed from this ihformation.
Hence it may be possible to build uwp & plcture with a 120 x 120
matrix instead of 40 x 40. However, the most accurate readings
would only be produced in areas greater than 1 cm2.

5.4 Compton Scatisr

Compton scatter presents mo problem with a simple
gystem using a single detector and collimator. However,
should multiple detectors be used (above 10) it would be
necessary to correct for thie effect, and a system to achleve
this has been worked out.

RESEARCH PROPOSALS

A simple test Jig could be made in which the object
is rotated in front of a fixed radioactive source and collimator,
and detected by a fixed scintillation counter and collimator.
Blocks of material of known absorpition could be arranged in various
patterns within the beam and readings taken through them et known
angles. These could be compared with the calculated values of
absorption and accuracy assessed of the picture that would have
been obtained. If the assessments are favourable, readings
could be fed into a paper tape punch. A program for accepting
the information and reconstructing the picture could be written
and used on the 1905 computer. This being only a practical
experiment, the time taken to form a picture would be very much
slower than would be the case in normal use. Phantoms of tuwnours
of varying size and density could be presented to the machine and
the piectures produced compared with normal X-ray photographs and
tomograms of the same phantom.

A theoretical study to overcome the computing problems
asgociated with the broad spectrum produced by an X-ray tube
could also be included.

EE R ERER

~T. APPLICATIONS

——7

There are two main applications for the equipment:

|

(1) In Hospitals, Clinics and Hedical Centres for the

early detection of tumours when symptoms indicate that
such may be present.




8.

|
|

-8 =

(2) Por fitting in static and mobile iass Radiography
Units used for "sereening®. In this cage & bank of
detectors used side by side so that nany plcture
slices may be taken through the patient at the

same time would be essentlal. The digital
information presented is in a form such as can ba
compared in a computer with other pilctures by
pattern recognition techniques, and by this means

1% could deal with the large amount of information -
that would come from lass Radiography Units of this
type.

CONCLUSIONS

The theoretical studies conducted so far have
indicated that present methods of tomography do not use the
majority of information available to the detector (filim).

It is theoretically possibla %o improve the acenracy of

Heouta

’detection of abporptian within jhc body by at least an order.

* N

At the same time at 1east~20 times es many pictures for the
same amount of rediation through the body could be obtained.

J._"- “( { J‘.”'. ¢ £t ,.\_ﬂ ’ ;

Although seintillation counters are very itime
consuming they would be quite suitable for accurate systems
where the ‘rate’ of taking a pieture is of low importance.
They could 2lso be used in cases where 2 minimum radiation
dose is necessary, when a smaller number of counts would
be taken for sach reading (which would also increase the
picture rate). This would reduce the accuracy of detection
but it could still be kept as good‘as a8 conventional tomogram.
However, seintillation counters are not suitable for faster
systems in which 40 "slices” would be required in one minute.
In this case it is hoped that in the future a bank of linear
detectors could be developed %o fit this requirement.



At the moment 1% is necessary %o prove that the
heo ry works. in _practice with currently available components,
rrespectiive of how long it takes %o produce a pilcture.

'4"

;..f.

If the proposed system can be proved successfully,
i% would be a very comsiderable incentive Ffor the component
manufacturers %o produce components capahle of speeding up
“he proceas.

ESTIMATED COST

I% is estimated that £10,000 would be required to
cover the work involved in proving the system.

B.653/2
08314/R/GNH/JPC
7.10.68.
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