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(71) We E M I LIMITED a British 
Company of Blyth Road, Hayes, Middle-
sex, do hereby declare the invention, for 
which we pray that a patent may be 

5 granted to us, and the method by which it 
is to be performed, to be particularly 
described in and by the following state-
ment: 

The present invention relates to radio-
10 graphy, and it relates more particularly to 

that branch of radiography which has be-
come known as computerised axial tomo-
graphy, or briefly C.A.T. Apparatus for 
performing C.A.T. has the aim of produc-

15 ing a representation of the absorption 
coefficients, with respect to penetrating 
radiation, at a plurality of elemental loca-
tions distributed over a cross-sectional slice 
of a body under investigation. Such appa-

20 ratus is disclosed and claimed in British 
Patent No. 1,283,915. 

The technique of performing C.A.T. in-
volves deriving signals indicative of the 
absorption suffered by penetrating radia-

25 tion, such as X-radiation, on traversing 
many beam paths through the slice of 
the body, in alignment with said slice. 
These signals are then processed to 
evaluate the aforementioned coefficients. 

30 In order that the radiation may be pro-
jected through the slice along the many 
paths referred to above, it is usual to 
mount a source of the radiation and one or 
more detectors sensitive to the radiation at 

35 opposite sides of the body and to scan 
these components relative to the body in 
alignment with the slice. The scanning may 
comprise a combination of translational 
and rotational scanning movements both 

40 effected mechanically. If, however, it is 
desired to obtain the signals rapidly, the 
mechanical scanning may comprise only a 
rotational scanning movement, and in these 
circumstances the X-ray tube is constructed 

45 so that the radiation fans out therefrom, 

DELATING TO RADIOLOGY 

the angle of the fan being sufficient to 
irradiate at least a substantial part of the 
slice; the fan, of course, being aligned with 
the slice. An array of detectors is provided, 
the detectors being distributed across the 50 
breadth of the fan of radiation so that each 
receives radiation projected along a re-
spective beam within the fan; the beams 
being equi-angularly spaced. As the source 
and the detectors are rotated relative to the 55 
body, each detector is repeatedly sampled 
at intervals which correspond to rotational 
movements corresponding to the inter-beam 
angle, and by this means a sequence of 
signals indicative of the absorption suffered 60 
by the radiation on traversing each of a 
group of beam paths is derived from each 
detector. The group of beam paths to which 
the signals derived from any one detector 
relate will not, of course, be parallel to 65 
one another; they will be angularly spaced 
from one another at substantially the afore-
mentioned inter-beam angle. These paths 
will however be characterised by having 
a common perpendicular distance to the 70 
axis of the rotational scan, which axis is 
perpendicular to the plane of the region 
(and thus the spread of radiation) and 
passes through the body under examination. 

It is convenient to process the signals 75 
derived from all of the detectors by means 
of the technique described and claimed in 
British Patent Specification No. 1,471,531 
but this technique is best applied to output 
signals relating to sets of equally spaced, 80 
parallel beam paths. 

The signals obtained as described above 
can be sorted into sets relating to parallel 
beam paths; it being appreciated that the 
signals of a set are all derived from different 85 
detectors and obtained at different times 
during the scanning. However these beam 
paths are not equally spaced and when it 
is desired to evaluate the aforementioned 
coefficients with high accuracy, it has been 90 
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found necessary to allow for this lack of 
equal spacing, which arises because the 
perpendicular distances to the axis of rota-
tion for the various detectors vary in a 

5 substantially sinusoidal fashion from the 
axis outwards; the paths being more closely 
spaced towards the edges of the region of 
interest than they are at the centre thereof. 

The object of this invention is to allow 
10 for the aforementioned inequality of beam 

spacing. 
According to this invention there is pro-

vided radiographic apparatus including a 
source of penetrating radiation, such as X-

15 radiation, radiation fanning out from said 
source to simultaneously follow n mutually 
divergent beams, support means constrain-
ing said source to project said radiation 
through a cross-sectional slice of the body 

20 of a patient, with said n beams distributed 
across substantially the entire width of said 
slice, scanning means for moving said 
support means, and with it said source, 
angularly around the body about an axis 

25 intersecting said slice, causing said radia-
tion to project through said slice from dif-
ferent directions, detector means for receiv-
ing radiation emergent from said slice 
along each of said beams from each of 

30 said directions, said detector means being 
supported by said support means and 
moved angularly around said body by said 
scanning means, sampling means for samp-
ling said detector means during the angular 

35 movement of said source and said detector 
means around the body to derive there-
from output signals relating to respective 
paths followed by said beans through said 
slice, the scanning means and the sampling 

40 means being adapted to produce output 
signals relating to a total of m beam paths, 
and processing means for operating upon 
said output signals to produce modified 
signals which relate to a set of n parallel 

45 and substantially equally spaced beam 
paths disposed at each of p angles with 
respect to said body, m exceeding the pro-
duct np at least five-fold, and said proces-
sing means being arranged to combine a 

50 plurality of said output signals to produce 
each of said modified signals. 

In order that the invention may be 
clearly understood and readily earned in-
to effect, some embodiments thereof will 

55 now be described with reference to the 
accompanying drawings, of which Figure 1 
shows, in front elevational view, some of 
the components of a C.A.T. apparatus in 
which the only mechanical scanning move-

60 ment is a rotational one, and shows how 
the aforementioned non-uniformity of spac-
ing of parallel beam paths occurs, and 
Figure 2 shows, in similar view to that in 
Figure 1, apparatus in accordance with one 

65 example of this invention. 

Referring now to Figure 1, a ring-like 
rotatable support structure 1, is mounted 
for rotation about an axis 2. The structure 
1 comprises an annular member which can 
be rotated relative to a static main frame 70 
3 by an electric motor 4. The motor 4 is 
mounted on the main frame 3 and drives 
a gear wheel 5 which co-operates with gear 
teeth (not shown) formed all around the 
inner periphery of the ring-like structure 75 
I. The main frame 3 has an aperture 6 
formed therein, the aperture 6 being con-
centric with the ring-like structure 1, and 
also supports a number of guides 7, 8, 9, 
10 which act as bearings during rotation 80 
of structure 1 about the axis 2 and thus 
support the load of that structure; the 
guides 7 through 10 being also formed with 
flanges to limit fore-and-aft movement of 
the structure 1. 85 

The structure 1 supports an X-ray tube 
II, arranged to produce a planar fan-
shaped spread 12 of X-radiation, and a 
bank 13 of detectors, the detectors being 
sensitive to said radiation and being dis- 90 
tributed across the breadth of the spread 
12. It is stressed that the word "spread" 
as used herein in relation to X-radiation, is 
intended to encompass distributions of X-
radiation which are not continuous. In 95 
particular, such distributions might com-
prise a plurality of individual, mutually 
divergent beams. The individual detectors, 
which may comprise thallium-activated 
sodium iodide crystals, are numbered 13l5 100 
133 135; only five detectors being shown 
in this case for clarity, although more 
typically, for a fan-shaped spread of angle 
40° as shown, 120 detectors would be used, 
adjacent detectors being angled at to 105 
each other. Each detector in the array 13 
views the radiation source 11 through a 
respective collimator 14 so as to reduce the 
amount of scattered radiation received by 
the detectors, and thus each detector re- 110 
ceives radiation along a respective beam 
15 in the spread 12; the beams being in-
dicated in the drawing by their centre lines, 
although it will be appreciated that the 
beams are actually of finite width, related 115 
to the collimator dimensions. It will also 
be appreciated that, in this example, the 
spread 12 is continuous across its breadth 
prior to its incidence upon the collimators 
14. 120 

The body 16 to be examined is sup-
ported on a bed 17 and held firmly thereon 
by means of a strap 18 secured to the sides 
of the bed. Packing material 19 is inserted 
in gaps between the body and the bed in 125 
order to reduce, so far as is possible, the 
entrapment of air between the patient and 
the bed. The material 19 is preferably 
contained in one or more flexible bags 
and absorbs the radiation to an extent 130 
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similar to human body tissue. The bed is 
supported on either side of the main frame 
3; one of the supports being shown at 
20. It will be appreciated, of course, that 

5 the aperture 6 in the main frame 3 must 
be sufficiently large to enable the body 16 
to be positioned as required relative to the 
spread 12. 

As will be seen, when the structure 1 is 
10 in the position shown in the drawings, so 

that the source 11 projects the spread 12 
of radiation through the body from the 
direction indicated in solid lines, each of 
the beams 15 traverses a respective path 

15 through the body 16, and the correspond-
ing detector 13 provides an output signal 
indicative of the absorption suffered by 
the radiation on traversing the relevant 
path. In practice, an output signal relates 

20 not to a beam path as irradiated from a 
single point, but to a broader beam path 
irradiated during rotation of the structure 
1 through a finite angle. This matter, how-
ever, will be ignored henceforth, because 

25 it is not relevant to the understanding of 
the invention, and it will be assumed that 
the output signals relate to beam paths 
irradiated at unique angular positions of 
the structure 1. 

30 It will be observed that the various 
beams 15, and consequently the corres-
ponding beam paths through the body, 
diverge from one another at equal angles 
and so the group of output signals ob-

35 tained in any one position of the structure 
1 do not relate to a parallel set of beam 
paths. 

If the structure 1 is rotated through an 
angle corresponding to the angle between 

40 adjacent beams 15, so that the swath 12 
assumes the position indicated by dotted 
lines, then the beams 15 will irradiate a 
new group of beam paths through the 
body 16. In this case, the beam path 15,' 

45 viewed by detector 132 from its new posi-
tion is parallel with the beam path 152 
which was viewed by detector 13a in its 
original position. Likewise the path 153' 
viewed by detector 133 in its new position 

50 is parallel to the path 153 viewed by de-
tector 132 in its original position, and so 
on. Further rotational movement of the 
structure 1 about the axis 2 causes the 
various detectors to provide output signals 

55 relating to beam paths parallel to paths 
for which output signals have previously 
been provided by other detectors. 

As the mechanical movement is purely 
rotational, however, the beam paths of a 

60 parallel set are not uniformly spaced across 
the irradiated region of the body. This can 
be seen by comparing the perpendicular 
distance from the axis 2 to two parallel 
beam paths as irradiated by beams 15x (de-

65 tected by detector 130 and 152' (detected 

by detector 13a), the structure 1 having 
rotated through an angle corresponding to 
the inter-beam angle between the irradia-
tion of the two beam paths. If the distance 
from the point source of X-rays, within 70 
tube 11, to the axis 2 is designated r, and 
if the inter-beam angle is 10°, then the per-
pendicular distances from axis 2 to beams 
15x and 152' are r sin 20° and r sin 10° 
respectively. Since the third beam of the 75 
parallel set in question will pass through 
the axis 2 and be detected by detector 133 
after the structure 1 has rotated through a 
further 10°, it will be seen that the values 
r sin 10° and r (sin 20° - sin 10°) repre- 80 
sent the distances between respective pairs 
of beam paths in a parallel set and that 
these distances are not equal. Clearly the 
same thing will happen for beam paths on 
the other side of the axis 2 to those ir- 85 
radiated by beams 15! and 15-/ and clearly 
also the non-uniformity of distance will 
be the same for all parallel sets of beam 
paths. For a fan angle of 40°, the overall 
departure from uniformity of spacing 90 
amounts to some 3% and, if it is desired 
to use a processing technique of the kind 
described and claimed in the aforemen-
tion British Patent Specification No. 
1,471,531, and if it is desired to evaluate the 95 
aforementioned absorption coefficients with 
high accuracy, this departure must be 
allowed for. 

One way in which the amount of data 
obtained could be increased in an appa- 100 
ratus of the kind shown in Figure 1, to 
permit the selection of output signals relat-
ing to substantially uniformly spaced, 
parallel and co-planar beam paths through 
the body is simply to increase the number 105 
of detectors in the bank 13, using smaller 
detectors such as photo diodes to permit 
the increased number to be accommodated 
in the same angular extent, and to sample 
the output signals correspondingly more 110 
frequently. 

A preferred technique, however, is one 
which not only provides additional data 
but also enables a check to be made on 
the relative sensitivities of the various de- 115 
tectors. Such techniques are described in 
British Patent Specification No. 1,529,799 
and in co-pending patent application No. 
43,984/75 (Serial No. 1,558,062) and in-
volve the source 11 being replaced by an 120 
X-ray tube of the kind in which the elect-
ron beam thereof can be scanned over an 
elongated anode therein so as to effectively 
shift the position of the spread of radiation 
relative to the rotatable structure 1. The 125 
scanning is effected in synchronism with 
the angular movement of structure 1 and 
the output signals derived from the various 
detectors are sampled several times (for 
example from ten to fifty times) during 130 
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each scan of the electron beam over the 
anode. 

Apparatus of the kind shown in the 
aforementioned application No. 43,984/75 

5 (Serial No. 1 558 062) is shown in Figure 
2, in which components similar to those in 
Figure 1 have been allocated the same 
reference numerals. The body 16 to be 
examined, shown in transverse section, is 

10 supported on a suitably shaped bed 17 
also shown in transverse section. As before, 
a material 19, having an absorption to the 
radiation similar to that of body tissue, is 
positioned between the body 16 and bed 

15 17, to substantially exclude air from the 
gap therebetween, and is extended partly 
about the body, to provide an approxi-
mately circular cross-section to the radia-
tion. The body is retained firmly in the 

20 desired position by means such as a retain-
ing strap 18. If desired a more rigid retain-
ing ring, such as the two part ring described 
in British Patent Specification No. 1,475,303, 
may be used. 

25 The bed 17 and the body 16 are inserted 
into an aperture in a rotatable member 1 
so that a desired part of the body is centred 
in the aperture. The rotatable member 1 
is arranged to rotate about an axis 2, long-

30 tudinal of the body and perpendicular to 
the paper, central to the aperture. For that 
purpose it is supported by three gear wheels 
21, a,bfi, which engage with gear teeth, not 
shown, cut into the periphery of member 1. 

35 The gear wheels 21 are journalled in a 
main frame 3 of the apparatus, which may 
take any form suitable to support the 
apparatus and to allow the necessary rota-
tion. Gear wheel 21 a is driven by a syn-

40 chronous electric motor 22, also mounted 
on the frame, the operation of which will 
be described hereinafter. 

The rotatable member 1 also carries a 
source of X-rays 23, a bank of detectors 

45 13 and associated collimators 14. The de-
tectors, which in a typical embodiment 
number 120, can be of any suitable type 
for example scintillation crystals with asso-
ciated photomultipliers or photodiodes. 

50 The source 23 is of the type which in-
cludes an elongated target/anode 24 and 
provides a fan shaped spread 12 of X-rays 
from a substantially point origin which can 
be scanned by electronic means from the 

55 position 12a to the position 126 shown. In 
this example the corresponding scan of the 
substantially point origin of the X-rays 
along target 24 is of the order of 10 cm 
although it may be less if desired. The col-

60 limators have longitudinal axes which in-
tersect at the centre of the anode 24. 

Correspondingly the X-ray source 23 is 
placed of the order of 50 cm from the central 
axis 2 with the detectors 13 being placed a 

65 further 50 cm on the opposite side of 

axis 2 so as to intercept the radiation of 
fan 12 for any position of the point of 
origin of the X-rays in its lateral scan 
along target 24. If desired however, the 
distance from source to axis 2 and de- 70 
tectors to axis 2 may be unequal without 
departing from the principles of the in-
vention. It should be understood that col-
limators 14 are of dimensions which allow 
such interception while preventing the 75 
reception of scattered radiation to the 
greatest degree practically possible. 

Disregarding for the moment the rotary 
motion referred to hereinbefore, the ar-
rangement is such that the point of origin 80 
of the X-rays is scanned steadily along 
target 24 taking the fan of X-rays from 
12a to 12b, and is rapidly returned to the 
starting point before repeating the scan. 
During the time of one such scanning 85 
movement each detector of array 13 pro-
vides an output signal indicative of the 
intensity of radiation incident thereon. For 
a given detector, these outputs are ampli-
fied in an amplifier 25 and then input to 90 
an integrator 26. There the output signals 
are integrated over periods determined by 
a series of pulses from pulse forming cir-
cuits 27. In this example the timing of the 
pulses is such that there are twelve integ- 95 
ration periods in the time of one lateral 
scan of X-ray fan 12 from 12a to 12b. 
Thus each detector measures radiation, in 
effect, along twelve narrow beam paths 
joining that detector with twelve equally 100 
spaced positions along target 24. The paths 
are, of course, of width determined by the 
integration intervals and are of a shape 
determined by the geometry of scanning 
movements in those intervals. For the pur- 105 
pose of illustration, however, they may be 
considered to be represented by single lines 
which are in fact their centre lines. Thus 
the lines illustrating the extremes of fan 12 
are in fact the centre lines of the extreme 110 
beams of the fan. Signals representing the 
intensity of radiation received along such 
paths are converted to digital form in con-
verters 28 and to logarithmic form in con-
verters 29 for output at 30 for further 115 
processing. It will be understood that one 
amplifier 25, integrator 26, A/D converter 
28 and log converter 29 is provided for 
every detector, all operated in synchronism. 
The processing is effective to sort the sig- 120 
nals into sets representing absorption along 
sets of parallel paths, as explained in 
British Patent Specification No. 1,493,594, 
for processing by a suitable method such 
as that described in the aforementioned 125 
British Patent Specification No. 1,471,531 
to provide the desired representation. The 
circuits 25 to 29 are of well known con-
struction. 

In operation, motor 22 provides a con- 130 
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tinuous motion of rotatable member 1 and 
all the equipment mounted thereon, about 
an axis 2 and therefore about the body 16 
of the patient on bed 17. The rotary 

5 motion and the lateral scanning of X-ray 
fan 12 must be in strict relationship to 
achieve the desired result. Synchronous 
motor 22 is driven by a periodic sinusoidal 
voltage from a power supply 31 and, after 

10 a suitable period of time, stabilises in syn-
chronisation with sinusoidal voltage. It will 
be appreciated that, when under load, the 
motion of motor 22 lags the phase of the 
sinusoidal voltage but this is not significant 

15 provided the load does not change and 
therefore the lag is constant. The sinuosidal 
voltage from supply 31 is supplied to a 
time base generator (not shown) where it 
provides a periodic sawtooth waveform 

20 voltage, to operate the scanning of source 
23, and also to unit 27 which converts 
it to square pulse of the same phase and 
generates therefrom the series of pulses, in 
strict phase relationship with the sinusoidal 

25 voltage, to clear and read integrators 26 
as explained hereinbefore. Pulse forming 
circuit 27 operates in a conventional man-
ner by any suitable means known in the 
art. Flyback of the sawtooth waveform 

30 takes place during selected resetting periods 
of the integrators. 

As an alternative to the circuits 27 a 
circular graticule may be used in the form 
of a translucent ring, co axial with and 

35 mounted on rotary member 1 and carrying 
engraved lines. The lines can interrupt a 
light path between a light source and 
photocell mounted, for example, on frame 
3, so that the photocell provides pulses 

40 indicative of the movement of member 1. 
These pulses may be used both to operate 
the integrators 26 and to control the X-ray 
source 23. 

Such a graticule arrangement would, of 
45 course, directly indicate the progress of the 

orbital scan and therefore be insensitive to 
changes of loads on the motor 22. In that 
case motor 22 need not be a synchronous 
motor. When operated in accordance with 

50 an example of the present invention, the 
apparatus shown in Figure 2 is arranged to 
provide considerably more data than is 
required for accurate evaluation of the 
aforementioned absorption coefficients. Thus 

55 if the required data are characterised by n 
equally spaced beam paths at each of p 
angular dispositions in the body, the appa-
ratus is arranged to provide m samples 
where m is at least five times, and possibly 

60 one hundred or one thousand times, larger 
than the product np. 

When all of the m samples have been 
obtained, they relate to such a considerable 
number of beam paths that it is possible 

65 to designate beam paths for which data 

are required, i.e. beam paths which com-
prise the required number of uniformly 
distributed sets, and to combine a respective 
group of the samples to provide an ab-
sorption value applicable to each designated 70 
beam path; the group of samples so com-
bined in any case being selected because 
of their proximity to the designated beam 
path in question. As previously mentioned, 
this expedient not only overcomes the prob- 75 
lem of non-uniform spacing of sampled 
beam paths but also improves the accuracy 
of the apparatus because each combined 
group of samples is derived from a 
plurality of different detectors, and thus 
inter-detector sensitivity variations are not 
as serious as they are in a case where an 
output signal for a given beam is derived 
from one detector only. 

The aforementioned combination of 85 
selected groups of samples to form absorp-
tion values for designated beam paths is 
achieved, in this example of the invention, 
by applying the signals derived from the 
log converter circuits 29 to a random access 90 
digital store 32, deriving the signals from 
the store, under the influence of a timing 
circuit 33, in groups for combination and 
combining the groups in a combining cir-
cuit 34. In some cases it happens that cer- 95 
tain designated beams run adjacent less 
samples than other designated beams. This, 
however, is known in advance from the 
geometry of the apparatus and is allowed 
for by normalisation, using a post-combina- 100 
tion weighting circuit 35 which weights 
each combined value in accordance with 
the number of samples which it contains. 
The weighting factors used are held in a 
store 36 and fed to the circuit 35 under 105 
the control of the timing circuit 33 at 
the appropriate times to weight the proper 
combined values. 

The data so corrected are applied to a 
processing circuit 37, of the kind described 110 
in the aforementioned British Patent Speci-
fication No. 1,471,531, which processes the 
absorption values to evaluate the afore-
mentioned absorption coefficients. The co-
efficients so evaluated are displayed on a 115 
suitable cathode ray tube device 38, which 
has facilities indicated by control knobs 
39 and 40 for adjusting the extent and the 
absolute position of the dynamic range of 
coefficients displayed thereby. Such adjust- 120 
ments are commonly known as "window" 
adjustments. 

The evaluated coefficients are also stored 
in a magnetic tape or disc apparatus 41 so 
that they can be studied at a later date if 125 
required. 

WHAT WE CLAIM IS:— 
1. Radiographic apparatus including a 

source of penetrating radiation, such as X-
radiation, radiation fanning out from said 130 



6 1572600 ( 

source to simultaneously follow n mutually 
divergent beams, support means constrain-
ing said source to project said radiation 
through a cross-sectional slice of the body 

5 of a patient, with said n beams distributed 
across substantially the entire width of said 
slice, scanning means for moving said sup-
port means, and with it said source, 
angularly around the body about an axis 

10 intersecting said slice, causing said radia-
tion to project through said slice from dif-
ferent directions, detector means for receiv-
ing radiation emergent from said slice along 
each of said beams from each of said 

15 directions, said detector means being sup-
ported by said support means and moved 
angularly around said body by said scan-
ning means, sampling means for sampling 
said detector means during the angular 

20 movement of said source and said detector 
means around the body to derive there-
from output signals relating to respective 
paths followed by said beams through said 
slice, the scanning means and the sampling 

25 means being adapted to produce output 
signals relating to a total of m beam paths, 
and processing means for operating upon 
said output signals to produce modified 
signals which relate to a set of n parallel 

30 and substantially equally spaced beam 
paths disposed at each of p angles with 
respect to said body, m exceeding the pro-
duct np at least five-fold, and said proces-
sing means being arranged to combine a 

35 plurality of said output signals to produce 
each of said modified signals. 

2. Apparatus according to Claim 1 in-
cluding means for normalising each of said 

modified signals to allow for some of said 
modified signals containing contributions 40 
from more of said output signals than 
others of said modified signals. 

3. Apparatus according to either of the 
preceding claims including means for pro-
cessing said modified signals to produce a 45 
representation of the variation of absorp-
tion coefficient, with respect to said radia-
tion, over said slice. 

4. Apparatus according to any preced-
ing claim wherein said source of radiation 50 
includes an X-ray tube having an elongated 
anode, and said scanning means includes 
means for selectively causing said radiation 
to fan out from various positions along said 
anode. 55 

5. Apparatus according to Claim 4 
wherein said scanning means includes de-
flection means for sweeping the electron 
beam of said tube to and fro along said 
anode during said angular movement of 60 
said source around said body, the sweep-
ing of said electron beam being carried 
out at a rate high compared with that of 
said angular movement and causing said 
radiation to fan out from said various posi- 65 
tions along said anode. 

6. Apparatus according to any preced-
ing claim wherein said detector means com-
prises at least n individual detector devices. 

7. Radiographic apparatus substantially 70 
as herein described with reference to Figure 
2 of the accompanying drawings. 

R. G. MARSH, 
Chartered Patent Agent, 

Agent for the Applicants. 
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