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(71) We, E.M.I. LIMITED, a British 
company of Blyth Road, Hayes, Middlesex, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 

5 the method by which it is to be performed, to 
be particularly described in and by the following 
statement:— 

The present invention relates to radiography 
and it relates especially, though not exclusively, 

10 to that branch of radiography which has 
become known as computerised axial tomo-
graphy. 

The aim of computerised axial tomography 
is to provide a representation of the variation of 

15 absorption coefficient, with respect to the 
radiation (usually X-radiation) used, over a 
substantially planar region cross-sectionally 
disposed in a body under examination. 
Apparatus for performing computerised axial 

20 tomography is disclosed and claimed in British 
Patent Specification No. 1,283,915. The 
technique involves projecting X-radiation 
through the body along a plurality of sub-
stantially co-planar paths, detecting the amount 

25 of radiation emergent from the body along each 
path so as to determine the absorption suffered 
by the radiation on traversing each path, and 
processing the absorption values so determined 
to evaluate the absorption coefficient, with 

30 respect to the radiation used, at each of a 
plurality of locations distributed over the 
irradiated region of the body. 

Recent developments in the field of 
computerised axial tomography have lead in 

35 the direction of increasingly rapid acquisition 
of the data indicative of the amounts of radiation 
emergent from the body along the various paths. 
In British Patent Specification No. 1,540,583, 
for example, there is described an arrangement 

40 in which, in effect, an annular X-ray tube 
surrounds the body; the tube having an anode, 
coextensive therewith, over which the electron 
beam of the tube can be scanned electronically. 
It is also disclosed that a fixed, circular bank of 

45 detectors, also surrounding the body, can be 
used to detect the radiation. This arrangement 
is capable of extremely rapid acquisition of 
the required data, but one problem which 
arises is due to the necessity for collimation of 

50 the detectors to reduce the amount of scattered 
radiation incident thereon. 

The collimator for each detector needs to 
follow the motion of the source through an 
appreciable angle, e.g. 40°, but the motion of 
the source, being caused by electronic scanning, 55 
is so rapid as to cause difficulties for a 
mechanical movement imparted to the colli-
mators. It is an object of this invention to 
overcome or reduce such difficulties. 

According to the invention there is provided 60 
radiographic apparatus including means for 
projecting X-radiation through a substantially 
planar region of a patient position from a 
plurality of source positions disposed angularly 
therearound, detector means, comprising an 65 
array of radiation-sensitive detectors, fixed in 
angle relative to, and distributed around, the 
patient position, each for detecting the radiation 
emergent from the patient position in sequence 
along a group of substantially linear paths 70 
originating from a range of said source positions 
while the source mover angularly with respect 
to both the patient position and the detector 
array, and collimator means for defining said 
paths and shielding said detector means from 75 
scattered radiation, said collimator means 
being tiltable, in the plane of said region to 
permit radiation, originating from said range of 
source positions, to impinge upon said detector 
means. 80 

In order that the invention may be clearly 
understood and readily carried into effect, 
one embodiment thereof will now be described 
with reference to the drawings accompanying 
the Provisional Specification, in which: - 85 

Figure 1 shows, in schematic and front 
elevational view, radiographic apparatus 
according to one example of the present 
invention, 

Figure 2 shows, in cross-sectional view 90 
taken on arrows II—II of Figure 1, the same 
radiographic apparatus, and 

Figure 3 illustrates how a number of 
adjacent collimators can be linked together 
to facilitate control thereof. 95 

Referring now to Figure 1, the apparatus 
includes an X-ray tube 1 having a toroidal 
envelope 2 containing a fixed anode (or target) 
electrode 3 which completely surrounds a 
patient position. The patient position is within 100 
a central aperture 4 defined by a static frame 
member which is not shown in Figure 1, but 
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is shown at 7 in Figure 2. 
The anode electrode 3 is caused to project 

X-radiation through the patient position along 
a substantially planar, fan-shaped spread such 

5 as 5 from a given point (such as 6) thereon in 
response to the impingement, upon that point, 
of an electron beam. The electron beam is 
produced by one of a number (say eight) of 
cathodes equi-angularly disposed around a 

10 circle within the tube envelope 2, and the 
beam from each cathode can be deflected 
over a respective arcuate region of the anode 
electrode 3. In this example, where eight 
cathodes are used, each is designated a respective 

15 arcuate region of (360/8)°, i.e. 45°. The de-
flection is effected by means of suitable 
electromagnetic coils shown at 8 in Figure 2. 

A fixed, circular array 9 of radiation-sensitive 
detectorsis disposed,aroundthe aforementioned 

20 patient position, concentrically with the anode 
electrode 3. The array 9 is, however, of some-
what smaller diameter than the anode electrode, 
and moreover is not quite in the same plane as 
said anode electrode. The displacement of the 

25 planes of the anode electrode 3 and the 
detector array 9 is necessary, of course, to 
prevent obstruction of the X-rays by detectors 
which for the time being are not being used to 
provide output signals. 

30 It will be appreciated that, with the angle 
of the fan-shaped spread being 30°, as shown 
in Figure 1, each detector is irradiated from 
an arcuate sector of 30° of the anode 3. Thus 
each detector has to be capable or receiving 

35 radiation from a range of directions extending 
over 30°, but at the same time to be shielded 
from scattered radiation. These two require-
ments are difficult to meet, as they tend to be 
mutually incompatible, especially when rapid 

40 acquisition of data is to be effected. In this 
example, as the fan-shaped spread 5 of X-
radiation is scanned around the body by 
purely electronic means, i.e. no mechanical 
scanning is applied to either the anode 3 or 

45 the detector array 9, the scanning is extremely 
rapid. For example a complete revolution of 
the spread 5 of radiation around the patient 
position can be carried out in 20 mS. Thus the 
difficulties associated with collimating the 

50 radiation so that, at any instant, an irradiated 
detector can receive radiation along a straight 
line from the point on the anode upon which, 
at that time, the electron beam is impinging 
whilst shielding the detector from scattered 

55 radiation are acute. 
It has been determined that the number of 

detectors required in the array 9 is 460 for a 
resolution of 1 mm2 and 920 for a resolution 
of Vi mm2. The arrangement shown in the 

60 drawing is illustrative only and does not show 
the correct angular dispositions of the 
collimator plates referred to hereinafter. Each 
detector requires a collimator that is able to 
squint in azimuth over 30°. In accordance with 

65 this example of the invention, each collimator 

comprises a pair of plates 10, each plate 
being shared between two adjacent detectors, 
in the sense that it constitutes one plate of the 
pair of plates for each of two detectors. The 
collimator plates 10 are disposed radially of 70 
the system and each plate is hinged at its end 
closest to the detector array 9. Every eighth 
plate is formed with a rearwardly protruding 
peg 11 and this peg is dimensioned and shaped 
to co-operate with rollers such as 12 which 75 
protrude forwardly from a collimator guide 
ring 13. The ring 13 is movable, in a manner 
which will be more fully described hereinafter, 
by means of three guide ring actuators, 14,15 
and 16, which are slidably attached to the ring. 80 

The seven collimator plates between each 
pair of plates provided with pegs 11 are linked 
to each other and to the plates provided with 
pegs, for example in the manner shown in 
Figure 3 and which will be described in more 85 
detail hereinafter. 

Referring now to Figure 2, in which com-
ponents common to Figure 1 have been indenti-
fied by the same reference numerals, it will 
be seen that the detector array 9 is supported 90 
bya frame member 17 which in turn, is supported 
by a main frame 18. The frame member 17 
also contains an annular housing 19 in which 
the collimator guide ring 13 can move, in 
response to the actuators 14 to 16. 95 

The patient, shown in schematic outline at 
20, is supported on a platter 21 which can 
slide relative to a fixed two-part table 22,23 
and with the desired part of his body 
disposed so as to be irradiated by radiation 100 
projected through the patient position. 

In operation, as the source of the fan-shaped 
spread of radiation is scanned around the body 
by first energising a first cathode, deflecting 
its electron beam over its respective arcuate 105 
portion of the anode 2 then energising a second 
cathode and deflecting its electron beam over 
its respective arcuate region of the anode 3 (the 
two arcuate regions being substantially con-
tiguous) and so-on, the actuators 14-16 are 110 
operated so as to cause the centre of the 
collimator guide ring 13 to trace a circular 
locus, the locus being concentric with the anode 
and detector rings 3 and 9 and of diameter 
determined by the geometric configuration of 115 
the entire apparatus. This motion of the centre 
of the ring 13, properly synchronised with the 
scanning of the radiation around the body, 
causes the rollers 12 to selectively engage 
groups of the pegs 11 depending from selected 120 
collimator plates and, having engaged said pegs, 
to move the collimator plates laterally so that 
they pivot on their hinges and follow the move-
ment of the source of X-rays. The rollers 12 
are continuously engaging new pegs 11 and dis- 125 
engaging from other pegs, but each peg remains 
engaged with a roller 12 for long enough to 
squint or tilt its respective collimator plate (and 
those attached to it) through the angle of the 
fan (i.e. 30° in this case). 130 
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In the arrangement shown in Figure 3, 
each collimator plate is made up of components 
of two adjacent,interlocking U-shaped members 
such as 24,25. The pegs 11 are shown as 

5 attached only to the two outer members 
and the seven members in between are linked, 
via their neighbours, to the outer members, 
so as to move therewith. When the pegs 11 are 
not engaged by the rollers 12, the U-shaped 

10 members are loosely coupled, since the fact of 
such non-engagement means that the detectors 
to which those collimators appertain are not 
being irradiated by the spread 5 of radiation 
and thus are not being used, for the time 

15 being, to produce output signals indicative of 
the amount of radiation emergent from the 
body. This situation is shown in Figure 3(a). 

When the respective outer members have 
their pegs engaged by rollers 12, however, the 

20 whole group of collimator members is pulled 
tight, as shown in Figure 3(b), to present 
accurate collimator paths to the radiation 
whilst the spread 5 is directed towards the 
respective detectors. 

25 Other arrangements can be devised without 
departing from the scope of the invention. For 
example, each collimator plate 10 could have 
a peg 11 formed integrally therewith or secured 
thereto. In that case the rollers 12 on the guide 

30 ring 13 would have to be replaced by more 
compact members, and fixed pins might be used. 
Also, the ring 13 need not be driven in the 
manner shown and described hitherto. Any 
drive means capable of causing the centre of 

35 the ring 13 to follow the required locus can be 
used. 

It has been found necessary to ensure 
either that the aforementioned pegs 11 are 
linked together to form a complete circuit or 

40 that buffers be provided to prevent the colli-
mators assuming too large an angle relative to 
the radial position, as the assumption of such 
angles tends to cause jamming of the colli-
mator system. The linking can be effected by 

45 the arrangement shown in Figure 3 or by other 
means. 

The pegs 11 can, if desired, be replaced 
with rollers of diameter equivalent to the 
spacing between the pegs 11 in Figure 1, the 

50 rollers being centred on the points of attach-
ment of pegs 11 to collimator plates 10. The 
rollers 12 can then be spaced apart by distances 
greater than those shown in Figure 1, so as to 
enable them to engage with, and move, the 

55 larger rollers attached to the collimator plates 

10. The large rollers have to be linked together, 
or buffers have to be provided, for the same 
reasons as described above with respect to pegs 
11. 

WHAT WE CLAIM IS:- 60 
1. Radiographic apparatus including means 

for projecting X-radiation through a substantial-
ly planar region of a patient position from a 
plurality of source positions disposed angularly 
therearound, detector means, comprising an 65 
array of radiation-sensitive detectors, fixed in 
angle relative to, and distributed around, the 
patient position, each for detecting the 
radiation emergent from the patient position 
in sequence along a group of substantially 70 
linear paths originating from a range of said 
source positions while the source moves 
angularly with respect to both the patient 
position and the detector array, and collimator 
means for defining said paths and shielding 75 
said detector means from scattered radiation, 
said collimator means being tiltable, in the plane 
of said region to permit radiation, originating 
from said range of source positions, to impinge 
upon said detector means. 80 

2. Aparatus according to Claim 1 wherein 
said collimator means includes a plurality of 
plate members protruding from the detector 
means toward said patient position, a pair of 
said plate members flanking each individual 85 
detector, and said plate members being 
hinged at their ends adjacent said detector 
means to permit the tilting to occur. 

3. Apparatus according to Claim 2 wherein 
at least some of said plate members are formed 90 
with pegs at their ends remote from said 
detector means and a collimator guide ring is 
provided which contains roller members adapted 
to co-operate with said pegs. 

4. Apparatus according to Claim 3 wherein 95 
plate members intermediate those formed with 
pegs are all interlinked with each other and 
with the members formed with pegs. 

5. Apparatus according to either of Claims 
3 or 4. including means for moving said colli- 100 
mator guide ring, so that the locus of the 
centre of said ring traces a circle, in synchronism 
with movement of the X-radiation relative to 
the patient position. 

6. Radiographic apparatus substantially as 105 
herein described with reference to the drawings 
filed with the Provisional Specification. 

R.G. MARSH 
Chartered Patent Agent 
Agent for the Applicants 110 
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