
GB2000656B    1 SPECIFICATION                                  at the
opposite side of the patient's body to said source. Improvements in or
relating to medical radio-    The inventor has realised that the number,
graphic apparatus                              and thus the cost, of
detectors can be reduced 5                                          70  by
putting the ring of detectors between the The present invention relates to
medical radio-  X-ray source and the patient's body. graphic apparatus, and
it relates more particu-  This is a rather unexpected step to take, ularly
to such apparatus, commonly known as    because it presents a problem in
that the computer-assisted tomographic apparatus, for   detectors for the
time being disposed at the 10 obtaining representations of the variation of
75  same side of the body as the X-ray source absorption of penetrating
radiation over cross-  . would, if no steps were taken to the contrary,
sectional slices of the bodies of human pa-    interrupt the radiation so
that the radiation tients.                                        would not
pass through the patient's body to Computer-assisted tomography (C.A.T.)
was    be collected by the detectors for the time 15 invented by Godfrey
Newbold Hounsfield, and  80  being disposed as the opposite side of the a
number of examples of apparatus for per-     body to the source. This
invention overcomes forming C.A.T. are described in British Patent  that
problem. No. 1283915. Inspection of that Patent will      In order that the
invention may be clearly indicate that Hounsfield had realised that
understood and readily carried into effect ex- 20 rapid patient scanning
could be effected by  85  amples thereof will now be described with
rotating a source of a substantially planar, fan-  reference to the
accompanying drawings of shaped distribution of X-rays around a patient
which and providing a number of radiation-sensitive    Figures 1 and 2
illustrate a simplified appa- detectors which could simultaneously detect
ratus, incorporating the invention, in front and 25 radiation transmitted
through the patient's  90 side elevation respectively, body along a number
of beams within the          Figure 3 is used to explain the manner in
distribution.                                  which radiation intercepts
the detectors, As C.A.T. has become established, the cost     Figures 4 and
5 illustrate a practical embod- of detectors and their associated circuitry
has  iment of the invention in front and side eleva- 30 fallen, making it
feasible to construct C.A.T.    95 tion respectively, apparatus employing a
full, circular array of    Figure 6 shows the arrangement used to detectors
which surrounds the patient's body   mount the detectors, and within which
a source of a fan-shaped        Figures 7 and 8 show details of the detec-
distribution of X-rays, as taught by Houns-    tor guiding arrangement, 35
field, rotates. However, the cost of the detec-  100   Figure 9 shows a
simplified circuit for proc- tors and associated circuitry is still
consider-  essing data derived from an apparatus accord- able, and it is an
object of this invention to  ing to the invention and Figure 10 shows an
reduce the expenditure on such components      alternative arrangement for
providing the nu- in a medical radiographic apparatus.           tating
motion. 40   According to the invention there is provided  105   There is
shown in schematic form in Figure medical radiographic apparatus, for
investigat-  1 a scanning arrangement which is an alterna- ing a
cross-section slice of a patient's body,  tive to the fixed detector
systems discussed including a source of a fan-shaped distribution
hereinbefoore. This arrangement performs a of penetrating radiation, such
as X-radiation,  different scanning motion but provides ab- 45 locating
means for locating the source, in  110 sorption data in a form similar to
that of the relation to the patient's body, so that said   fixed detector
systems so that the processing radiation is directed towards said slice,
scann-  can be substantially similar to that which may ing means for
rotating said source around the  be used with those systems. patient's body
to direct radiation towards said  The apparatus includes an X-ray tube 1 50
slice from a plurality of different directions,    115 which is a source of
a fan-shaped distribution detector means comprising a plurality of de-   2
of X-rays. The fan-shaped distribution is, in tector devices, sensitive to
said radiation, dis-  this example, substantially co-planar with the posed
along an arcuate path surrounding, or    plane of the Figure. Tube 1 is
orbited about partly surrounding, the patient's body, the    an axis 3,
perpendicular to said plane, which 55 detector devices being substantially
immobile  120 intersects an aperture in which the body 4 of in the
direction of rotation of said source,   a patient may be situated for
examination. means locating said detector devices such that  The locus of
rotation of the point of origin of said arcuate path is closer to the
patient's   the X-rays is shown by the chain dotted circle body then the
source of radiation throughout   5. 60 the rotational movement of said
source, and    125   Disposed at a constant radius from axis 3 means for
moving detector devices for the      there is a ring 6 of detector devices
of which time being disposed at the same side of the    a few are indicated
at 7. These detectors may patient's body as the source so that they do   be
scintillator crystals cooperating with photo- not interrupt the detection
of said radiation by  multipliers or, as in this example, with photo- 65
detector devices for the time being disposed    1 30 diodes.    24 
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GB2000656B    2, Although in this example the detectors ex-   the source is
at the 180[err]opposing position tend over a complete 360 ring  it is not
1c, the radiation at 2c, still in the same plane, necessary that this be
so. It is, however,     intercepts detector 1 2 at 1 2c but is not ob-
desirable that they extend over at least 180[err]  structed by detector 1 1
at 1 1 c. 5   The X-ray fan 2 shown in Figure 1 is of 60[err]  70
Clearly the nutating motion and offset posi- extent and irradiates slightly
less than half of  tion of the detector ring 6 mean that the the total
number of detectors. In the course of  detectors lie on an apparently
curved path as rotation the fan 2 irradiates progressively dif-  viewed
from the source 1. To avoid problems ferent detectors so that for a source
at 1a the  from this the detectors should be of sufficient 10 fan 2a of
radiation irradiates detectors over     75 width to intercept the -entire
thickness of the the span between the long dashed arrows.       fan of
radiation over its entire extent. Thus between 1 and la the radiation leave
Figure 3 shows the effect of this, as viewed detector 9 and irradiates
instead detectors 10.  from the source at la. In this Figure the line In
this example irradiation continues over  a  of incidence of the radiation
is shown at 13. It 15 full 360[err] of rotation of source 1. At a subse-
80  can be seen that the radiation is fully inter- quent source position 1
b the fan 2b of radia-  cepted by detectors across the entire fan, tion
irradiates detectors between the short    including the newly irradiated
detectors 10. dashed arrows. Clearly some of these detec-    However
detectors 9, which would not fully tors would intercept the radiation of
earlier   intercept the fan, are not irradiated. This ar- 20 source
positions, such as 1a, if the detector    85  rangement does mean that the
region of the ring and locus 5 were coplanar. It is to avoid  detector
which is irradiated varies between the this problem that other arrangements
situate   centre and opposite edges. For this reason it the source locus
inside the radius of the      is preferable to use detectors which have aa
detector ring' 6.                              uniform response over the
entire receiving 25   The present invention places the source      90
surface or to predetermine corrections for dif- locus outside that ring,
thus reducing the     ferences in sensitivity. extent of detector ring and
associated collina-  Figure 1 also shows that the radiation is of tors
required. However it ensures that any     sufficient extent for some
detectors to receive detectors which would otherwise pass be-
radiation which has not passed through the 30 tween the source and the
patient's body are    95  patient's body 4. This means that, in the
displaced so as to allow the radiation 2 to    course of the orbit, all of
the detectors will pass unobstructed.  Many different arrange-    receive
some radiation which has not passed ments can be adopted to ensure that the
through body 4 and which, therefore, pro- detectors only intercept the
radiation as re-  vides a calibration signal for correcting differ- 35
quired. The preferred arrangement of this ex-  100 ences between detector
sensitivities. It will ample uses a detector ring which does not      also
be apparent that irradiation need not be have any angular motion relative
to the body   confined to one source provided the detector about axis 3 but
which is subject to a nutation  arrangement does not allow any detectors to
to obtain the desired relationship.            block the radiation between
a source and the 40   It should be noted that not only does the    105 body
4. possible reduced size of the detector ring and   The practical
arrangement for implementing collimators allow reduced size and complexity
this example of the invention is shown in for those and other parts of the
apparatus, for  Figures 4 and 5, which respectively show fron example the
scanning gantry  but also it al-   and side elevations of the entire
apparatus, 45 lows more efficient use of the x-ray photons    1 10 and
subsequent Figures 6-8. Figures 4-8 and consequent reduced power and
cooling       show the basic equipment required to imple- requirements for
the X-ray tube. This latter   ment the invention but omit many details
improvement results from a reduced source  to  familiar to CAT machines and
which will be image distance between source and detectors    well known to
those skilled in the art. 50 obtained by putting the detector ring at   115
The apparatus includes a main frame 14 smaller radius than a source which
is substan-  together with an outer cover 15. These may tially as close to
the patient as is normally  be mounted directly on the floor but in the
acceptable.                                    example shown are' mounted
on a rocker 16 The arrangement can be more clearly seen     which
cooperates with rollers 17 and is driv- 55 from Figure 2 which is a side
elevation of  120 en, via gear teeth 18, by motor 19 to provide Figure 1.
At position 1 the source, which is   a tilting facility of axis, 3. moving
out of the page as shown by the           Frame 14 and, cover 1 5 have an
aperture arrow head, projects the radiation along 2 to  20, to which axis 3
is central, to admit the intercept the body, not shown, and, for a
patient, not shown. 60 beam in the plane of the paper, a detector 1 1. 125
The X-ray tube 1 is supported on a member The 180 [err] opposing detector
12 is displaced     21 which is rotatable about axis 3 on bear- to the
right to allow the radiation to pass. As  ings 22. The member 21 is driven,
via a belt the source is orbited, the detector ring is    23 and gearbox
24, by a motor 25 mounted subjected to the nutating motion indicated by  on
the main frame. Power supplies and cool- 65 the horizontal arrows. This
ensures that, when  130 ing oil to the X-ray tube 1 are carried by    3
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cables 26, which are of sufficient extent and  source scan so as to
properly organise the have a suitable cabling handling arrangement   data
provided by the detectors. This may be to allow the tube to revolve through
a working  provided by. a transparent ring carrying grati- 360 [err] plus,
say, 180 to come to working        cule markings, mounted on member 21, and
5 angular velocity and, say, 180[err] to stop.   70  a stationary light
source and photocell detect- The detector ring 6 is mounted to encircle
ing passage of the markings. However the aperture 20, in a fixed angular
relation with  progressive irradiation of different detectors by main frame
14 but capable of the nutation      the advancing radiation indicates scan
prog- described hereinbefore. This arrangement can   ress directly. 10 be
seen in more detail in Figure 6, which  75   As mentioned hereinbefore the
data pro- shows only the relevant features.              vided by the
detectors may be processed in As can be seen from Figure 6, member 21,
known manner to provide the desired repre- which is not shown in full,
includes a ring 27  sentation of absorption of the radiation. This having
two bearings, in the form of ball       may be as described in British
Patent No. 15 bearings 28 and 29. Bearing 28 is disposed    80  1283915 or
by the convolution process de- parallel to the plane of the radiation and
is an  scribed and claimed in British Patent No. additional bearing between
member 21 and       1471531. The processing is indicated in Fig- main frame
14. Bearing 29 is, however, in-     ure 9. The data from the detectors are
taken dined to that plane, to bring its axis to 3',  as they are derived to
amplifiers 34. An 20 and supports the detector ring 6.          85
individual amplifier is, in principle, required The position of bearing 28
is determined by  for each detector. However in practice, be- fixed member
14 and the relative positions of  cause the detectors are not all
irradiated at the bearings 28 and 29 is determined by their      same time,
some multiplexing of outputs is relative positions, as shown, on ring 27.
Thus  possible, with consequent saving of equip- 25 in operation, as ring
27 is rotated with mem-   90  ment. The data signals are then integrated in
ber 21, bearings 29 cause the ring 6 and       integrators for a period
which represents one individual detectors, such as 11 and 12, to    beam of
radiation as received by that detector, execute the nutating motions shown.
taking into account the source motion in that Each detector is connected by
a looped wire  time. The required timing signals are provided 30 30 to a
terminal 31 mounted on main frame    95  by the source position indicators
as described 14. From the terminals 31, cables supply the   hereinbefore.
The data signals are then sub- detector outputs to processing circuits not
ject to analogue to digital conversion in con- shown.
verters 36 and are converted into logarithmic It will be apparent that the
rotation of     form in converters 37 to provide signals suit- 35 member 21
and ring 27 will tend to cause   100 able for reconstruction processing in
circuits detector ring 6 to rotate although it would be  38. restrained by
the wires 30. It is not, however   As mentioned hereinbefore circuits 38
may desired that ring 6 has any rotational motion  process the data as
described in Patent No. and for this reason it is also connected to
128391 5 or as described in patent No. 40 main frame 14 by a series of
anti-rotation  105 1471 53.1. In the latter case the convolution webs 32
which are not flexible in the direc-   processing may be of a form
requiring data tion of rotation but are flexible perpendicular  for sets of
parallel beams of radiation in which to that direction. The anti-rotation
webs, one  case the data must be presorted into the of which can be seen in
the detail drawing of  correct sequence. 45 Figure 7, allow the desired
nutating motion of 110   Alternatively the convolution processing ring 6
but prevent rotation. Suitable material  used may be appropriate to data
for sets of for these webs is spring steel strip.          beams in a
fan-shaped distribution so that no Further details of the ball bearing 29
can be  presorting is needed. Of course any other seen in Figure 8.
processing suitable for CAT equipment may 50   Bearing 29 positions ring 6
so that the  115 be used.as desired. detectors fully intercept the planar
fan 2, of   The processed data are finally displayed on radiation, over the
full extent, as shown in   suitable equipment such as a T.V. monitor or
Figure 1 and 2, but do not obscure the         line printer or stored for
future use, on equip- radiation prior to the patient's body. To en-  ment
indicated generally at 39. 55 sure that the radiation is sufficiently
confined   120   It has been mentioned that other arrange- to a plane to
allow this, a fan shaped collima-  ments may be adopted to provide the
desired tor 33 is provided at the tube 1. Further      detector motion. For
example the detector ring collimators, not shown, may be provided at
may be mounted on a fixed ring by a series of the detectors to exclude
radiation scattered in  resilient members. These members can be 60 the
patient's body. These collimators must,    125 arranged so that they urge
the detector ring however, admit radiation over the full range of  into the
plane of the radiation but so that any the source motion for which a
detector is      part of the detector ring can be pushed out of irradiated.
This may be arranged by having     the radiation by deforming the resilient
mem- collimators moving with the source 1.          bers. The source can
then be provided with a 65   It is desirable to monitor the progress of the
1 30 cam arrangement so that, as it progresses, it    26 4
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pushes out of the radiation that part of the      to maintain the axis of
the first: mentioned ring detector ring having detectors which would
member with its axis inclined to the axis of obscure the body. The
resilient members will      rotation. tend to restore to position that part
of the ring    4 . Apparatus according to either of claims 5 opposing the
source.                           70  2 or 3 including resilient means
disposed to Figure 10 shows in simplified form an ar-       urge the. ring
member into the path of the rangement in which the detector ring 6 is
radiation and in which the means for moving mounted on a fixed ring 40 by
resilient mem-    is.a cam member, linked to the radiation bers, some of
which are shown at 41, in the        source, arranged to deflect the ring
member 10 form of springs in flexible cases to limit out..   75  against
said resilient means. ward travel. The springs are arranged to be
5. Apparatus according to claim 4 in still in compression when their
expansion is so    which the resilient means is a plurality of limited; at
which point the detectors lie in the  spring means. path of the radiation.
6. Apparatus according to any preceding 15   The detector ring 6 is formed
with a periph-  80  claim in which the detector devices are distrib- eral
cam ring 42 which engages with a cam            uted over 360 about the
patient's body. follower 43 fixed to X-ray tube 1. As tube 1    7.
Apparatus according to any preceding rotates about axis 3 the cam follower
43           claim including a plurality of anti-rotation engages ring 42
and forces the ring 6 out of       means, which are compliant in a
direction 20 the X-ray beam against the action of local     85
perpendicular to the plane of the detector ring springs 41.  but not
compliant in a direction tangential Other alternative arrangements falling
thereto, connecting the detector ring with sta- within the scope of the
invention may readily      tionary parts of the apparatus to maintain the
be devised.                                        detectors substantially
immobile in said direc- 25
90  tion of rotation. CLAIMS
8. Apparatus according to claim 7 in 1. Medical radiographic apparatus, for
in-      which the anti-rotation means are flexible vestigating a
cross-sectional slice of a.          metal strips. patient's body,
including a source of a fan-         9.  Radiographic apparatus for
investigat- 30 shaped distribution of penetrating radiation   95  ing a
ross-sectional slice of a body, the such as X-radiation, locating means for
locat-      apparatus  including: a source of a fan-shaped ing the source,
in relation to the patient's       distribution of penetrating radiation
located in body, so that said radiation is directed to-       relation to
the body, so that radiation is di- wards said slice, scanning means for
rotatig     rected towards said slice; scanning means for 35 said source
around  the patient's body. to direct 100 orbiting the origin of the
radiation about the radiation towards said slice from a plurality' of
slice so as to direct radiation towards the slice different directions,
detector means compris-      from.a plurality of directions; detector means
ing a plurality of detector devices, sensitive to  comprising a plurality
of detector devices said radiation, disposed along an arcuate path
which face the slice and are arranged in a 40 surrounding, or partly
surrounding, the pa-.  105 ring, which surrounds the slice and is within
tient's body, the detector devices being sub-      the orbit of the origin
of the radiation; means stantially immobile in the direction of rotation
for nutating the detector ring in synchronism of said source, means
locating said detector       with the motion of the origin of the radiation
devices such that said arcuate path is closer to   along its orbit to
prevent interception of the 45 the patient's body than the source of
radiation  110 radiation from the origin by detectors which throughout the
rotational movement of said         are between the origin and the slice
and to source, and means for moving detector de-          cause
interception of the radiation, from the vices for the time being disposed
at the same     origin, by detectors on the opposite side of side of the
patient's body as the source so.       the slice to the origin. 50 that
they do not interrupt the detection of said. 1 15    10. A Radiographic
apparatus substan- radiation by detector devices for the time
tially as herein describedwith referenceto the being disposed at the
opposite side of the         accompanying drawings. patient's body to said
source.    .   . 2. Apparatus according to claim. 1 includ-       Printed
for Her Majesty's Stationery Office 55 ing a ring member, on which the
detector           by Burgess & Son (Abingdon) Ltd-1982. Published at The
Patent Office, 25 Southampton Buildings, devices are mounted to intercept
the radiation     London, WC2A 1AY  from which copies may be obtained.
after passage through the patients body, and in which the  means for moving
is arranged to move said ring member. 60   3. Apparatus according to claim
2 includ- ing a further ring member, disposed with its axis coincident with
the axis of rotation of the source of radiation and linked to the source to
rotate therewith and in which the means for 65 moving is a guiding means
mounted thereon    2 6 
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pushes out of the radiation that part of the      to maintain the axis of
the first mentioned.ring detector ring having detectors which would
member with its axis inclined to the axis of obscure the body. The
resilient members will      rotation. tend to restore to position that part
of the ring   4.  Apparatus according to either of claims 5 opposing the
source.                          70  2 or 3 including resilient means
disposed to Figure 10 shows in simplified form an ar-       urge the ring
member into the path of the rangement in which the detector ring 6 is
radiation and in which the means for moving mounted on a fixed ring 40 by
resilient mem-      is a cam member, linked to the radiation bers, some of
which are shown at 41, in the       source, arranged to deflect the ring
member 10 form of springs in flexible cases to limit out-    75  against
said resilient means. ward travel. The springs are arranged to be
5. Apparatus according to claim 4 in still in compression when their
expansion is so   which the resilient means is a plurality of limited; at
which point the detectors lie in the  spring means. path of the radiation.
6. Apparatus according to any preceding 1 5   The detector ring 6 is formed
with a periph-  80  claim in which the detector devices are distrib- eral
cam ring 42 which engages with a cam         uted over 360[err] about the
patient's body. follower 43 fixed to X-ray tube 1. As tube 1        7.
Apparatus according to any preceding rotates about axis 3 the cam follower
43          claim including a plurality of anti-rotation engages ring 42
and forces the ring 6 out of      means, which are compliant in a direction
20 the X-ray beam against the action of local     85  perpendicular to the
plane of the detector ring springs 41.
but not compliant in a direction tangential Other alternative arrangements
falling          thereto, connecting the detector ring with sta- within the
scope of the invention may readily     tionary parts of the apparatus to
maintain the be devised.                                       detectors
substantially immobile in said direc- 25
90  tion of rotation. CLAI MS
8. Apparatus according to claim 7 in 1. Medical radiographic apparatus, for
in-      which the anti-rotation means are flexible vestigating a
cross-sectional slice of a          metal strips. patient's body, including
a source of a fan-        9. Radiographic apparatus for investigat- 30
shaped distribution of penetrating radiation,  95  ing a cross-sectional
slice of a body, the such as X-radiation, locating means for locat-
apparatus including: a source of a fan-shaped ing the source, in relation
to the patient's      distribution of penetrating radiation located in
body, so that said radiation is directed to-      relation to the body, so
that radiation is di- wards said slice, scanning means for rotating
rected towards said slice; scanning means for 35 said source around the
patient's body to direct 100 orbiting the origin of the radiation about the
radiation towards said slice from a plurality of  slice so as to direct
radiation towards the slice different directions, detector means compris-
from a plurality of directions; detector means ing a plurality of detector
devices, sensitive to  comprising a plurality of detector devices said
radiation, disposed along an arcuate path    which face the slice and are
arranged in a 40 surrounding, or partly surrounding, the pa-   105  ring,
which surrounds the slice and is within tient's body, the detector devices
being sub-     the orbit of the origin of the radiation; means stantially
immobile in the direction of rotation  for nutating the detector ring in
synchronism of said source, means locating said detector      with the
motion of the origin of the radiation devices such that said arcuate path
is closer to  along its orbit to prevent interception of the 45 the
patient's body than the source of radiation  110 radiation from the origin
by detectors which throughout the rotational movement of said        are
between the origin and the slice and to source, and means for moving
detector de-         cause interception of the radiation, from the vices
for the time being disposed at the same     origin, by detectors on the
opposite side of side of the patient's body as the source so       the
slice to the origin. 50 that they do not interrupt the detection of said
11 5    10. A Radiographic apparatus substan- radiation by detector devices
for the time        tially as herein described with reference to the being
disposed at the opposite side of the        accompanying drawings.
patient's body to said source. 2. Apparatus according to claim 1 includ-
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon)
Ltd.-1982. 55 ing a ring member, on which the detector           Published
at The Patent Office. 25 Southampton Buildings, devices are mounted to
intercept the radiation    London, WC2A 1AY, from which copies may be
obtained. after passage through the patients body, and in which the means
for moving is arranged to move said ring member. 60   3. Apparatus
according to claim 2 includ- ing a further ring member, disposed with its
axis coincident with the axis of rotation of the source of radiation and
linked to the source to rotate therewith and in which the means for 65
moving is a guiding means mounted thereon    


