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Middlesex,  1475303) describes methods of and appara- 50 do hereby declare
the invention, for. which  tus for constructing the said representation. we
pray that a patent may be granted to us,  of absorption including a
scanning arrange- 5 and the method by which it is to be per-  ment arranged
to direct a fan shaped spread formed, to be particularly described in and
of X-rays through the body and providing a by the following statement:-
plurality of detectors distributed across the 55 This invention relates to
a method of and  fan on the other side, of the body to measure apparatus
for constructing a representation  the radiation transmitted along a 'set'
of 10  of the variation of absorption with position  beams 'within that
spread. The fan shaped across a planar slice of a body with respect  spread
subtends an angle sufficent to include to penetrating radiation such as X-
or y-  the whole region of interest in the plane of 60 radiation.
the body so that a complete scan can be One method of and apparatus for
con-  effected solely by orbiting the source and structing such a
representation is described  detectors abouta suitable axis. in British
Patent Specification No. 1283915. The apparatus described in, the said
Patent According to one example given. in that  No. 1430089 and Application
No.26811/73  65 specification, a scanning movement is im-  can suffer from.
dfficulties arising from parted to a suitable source of radiation to
errors which are introduced into the finally 20 provide a plurality of
substantially parallel  derived representation by virtue of differ- pencil
beams of radiation at. each of a plur-  ences of sensitivity between the
plurality of ality of inclinations in the plane of the slice.  detectors
used. It is, therefore, preferable  70 A  suitable detector is scanned in a
cor-  to provide means for equalising the sensi- responding manner to
provide a measure  tivities of the detectors. 25 of the absorption suffered
by each of the    It is an object of the present invention beams in passing
through the body. These  to. provide an alternative form of the said
measurements of absorption are then pro-  apparatus for which the said
sensitivity dif-  75 cessed by a method involving successive  ferences can
be more readily corrected. approximations to provide a distribution of
According to the invention there is pro- linear absorption coefficients for
the planar  vided radiographic apparatus comprising slice. To provide the
required plurality of  means defining a patient position; a source beams,
the source and detector are recipro-  of a substantially planar, fan-shaped
spread  80 cated in the plane of the slice and orbited in  of.X-radiation;
means  supporting  said steps about a common axis normal to that  source so
that said radiation propagates 3  plane.
through a region of said patient position An alternative processing method
involv-  along a plurality of diverging beam paths; ing a form of
convolution is further des-  detecting means, also supported by said  85
cribed in British Patent Application No.   supporting means, including a
plurality of 19528/73 (Serial No. 1471531).           detector devices each
adapted to detect 40  The method and apparatus described in  radiation
emergent from said region along the said British Patent No. 1283915. has  a
respective one of said beam paths; scan- proved to be successful for
producing cross-  ning means for moving said supporting 90 sectional
representations of parts of a living  Means and with it said source and
said de- body such as the head. However the arrange-  tecting means,
anguarly, around said patient 45  ment for, carrying out the scanning
opera-. position causing said source to project said tion is relatively
slow and a faster scanning  radiation, through said region along further
rate is desirable for certain parts of the  beam paths and causing said
detecting 95 body. British Patent No 1430089 and British  means to detect
radiation, emergent from    1,558,062
2 said region along said further beam paths, to the paper, intersecting the
opening 5. For each detector device producing distinguish-  that purpose it
is supported by three gear able  electrical  signals relating to a
plurality  wheels 8, a.b.c. which engage with gear of beam paths during
movement of said sup-  teeth, not shown, cut into the periphery of 5  port
through a substantial angle; means  member 6. The gear wheels 8 are
journalled  70 causing the source of said spread of radia- in a main frame
9 of the apparatus, which tion to repeatedly shift with respect to said
may take any form suitable to support the 



detecting means during said angular move-  apparatus and to allow the
necessary rota- ment through said substantial angle so that  tion. A
further gear wheel 10 also engage- 10 each detector device detects
sequentially,  ing with the said gear teeth, is driven by an  75 during
each shift, radiation emerging from   electric motor 11, also mounted on
the said region along several mutually inclined  main frame 9, and serves
to provide the substantially co-planar beam  paths, and  required rotary
motion. means for combining electrical signals pro-    The rotatable member
6 also carries a 15  duced by different detector devices for beam  source
12 of X-rays, a bank of detectors 13  80 paths which 'can pass through
substantially- and associated collimators 14. The detectors, the same part
of the region to provide com-  which in a typical embodiment number 240,
posite electrical signals, each  of which  can be of any suitable type, for
example. relates to a composite beam path passing  scintillation crystals
with associated photo- 20  through said part of the region, for process-
multipliers or photodiodes.          85 ing to derive a representation of
absorption    The source 12 is of the type which in- of the radiation in
said region.          cludes an elongated target/anode 15, which In order
that the invention may be clearly  will be discussed further hereinafter,
and understood and readily carried into effect  provides a fan shaped beam
16 of X-rays 25  one example thereof will now be described  from a
substantially point origin which can  90 with reference to the accompanying
draw-  be: scanned by electronic means from the ings of which.
position 16a to the position 16b shown. In Figure 1 shows an apparatus in
accord-  this example the fan of X rays extends over ance with one example
of the invention,    40 and the scan of the substantially point 30
Figure 2 illustrates an X-ray source for  origin of the X-rays along target
15 is of the 95 use with the invention,                   order of 10 cm
although it may be less if Figure 3 is a simplified diagram illustrat-
desired. The collimators have longitudinal ing the scanning of the
apparatus shown  axes which intersect at the centre of the in Figure 1.
anode 15. The detectors are arranged to in- 35    Figures 4 and 5, are
explanatory diagrams  tercept the radiation of fan 16 for any posi- 100
used to explain the relationship between the  tion of the point of origin
of the X-rays relative motions of the apparatus in ac-  in its lateral scan
along target 15. It should cordance  with the invention  and      be
understood that collimators 14 are of di- Figure 6 shows in block
diagrammatic  mensions which  allow  such interception 40  form circuits
for arranging the output data  while preventing the reception of scattered
105 for processing.                           radiation to the greatest
degree practically Referring to Figure 1, there is shown in  possible.
front elevation apparatus in accordance with   In this example the X-ray
source 12 is one example of the invention. A body 1 to  placed of the order
of 50 cm from the cen- 45  be examined, shown in transverse section, tral
axis 7 with the detector 13 being placed 110 is supported on a suitably
shaped bed 2 also  a further 50 cm on the opposite side of axis shown in
transverse section. A material 3  7. If desired however the distances from
having an absorption to the radiation similar  source to axis 7 and
detectors to axis 7 may to that of body tissue, is Positioned be-  be
unequal, without departing  from the 50  tween the body 1 and bed 2 to
substantially  principles of the invention, provided the 115 exclude air
from the gap therebetween and  geometry of the arrangement is accurately to
provide some support for the patient and  known; is extended partly about
the body, to pro-    Disregarding for the moment the rotary vide an
approximately circular cross-section  motion referred to hereinbefore the
arrange- 55  to the radiation. The material 3 may be  ment is such that the
point of origin of the 120 water or a viscous or particulate material
X-rays is scanned steadily along target 15 in one or more flexible bags.
The body is  taking the fan of X-rays from 16a to 16b, retained firmly in
the desired position by  and is rapidly returned to the starting point-
means such as a retaining strap 4.      before repeating the scan. During
the time 60   The bed 2 and the body 1 are inserted  of one such scanning
movement each detec- 125 into an opening 5 in a rotatable member  tor of
array 13 provides an output signal 6 so that a desired part of the body is
indicative of the intensity of radiation in- centred in the onening. The
rotatable mem-  cident thereon. These output signals are ber 6 is arranged
to rotate about an axis 7, amplified in amplifiers 17 and then input to 65
longitudinal of the body and perpendicular  integrators 18. Each output
signal is then 130    3                                       1,558,062
3 62 integrated over a period chosen so that it photocell provides pulses
indicative of the provides an analogue signal representing the  rotary
movement of member 6. These pulses total intensity of radiation incident on
the  may be used both to operate the integra- respective detector during
that time and  tors 18 and' to control the X-ray source 12 5 transmitted
through the body 1 along a path  as described hereinafter. It will be
apparent 10 effectively examined by that detector, taking  that all paths
of the radiation do not inter- into account the rotational motion during
cept equal lengths of the body 1, in view 



the integration period. In this example, for  of the approximately circular
cross-section the sake of more clearly illustrating the  of the body and
any surrounding material. 10  relationships involved, the timing of the
For this reason the outer detector of the 75 integration will be considered
to be such  array tend to give higher outputs than cen- that there are
seven integration periods in  trally disposed detectors, even for a body
the time taken for one lateral scan of X-ray  of uniform absorption. This
effect may be fan 16 from 16a to 16b. It will be under-  reduced  by
providing  suitably  shaped 15  stood that in practice a larger number
attenuating bodies, not shown, between  80 typically fifty, of integration
intervals would  source 15 and body 1 and/or between body be provided for
one scan. The arrangement  1 and detectors 13 to substantially equalise of
this example ensures therefore that each  the absorbing path lengths.
Alternatively, the detector measures radiation, in effect, along  gains of
the respective detectors and/or 20  seven narrow beam paths joining that
detec- amplifiers may be suitably adjusted. Al- 85 tor with seven equally
spaced positions  ternatively, or in addition correction factors along
target 15. The paths are, of course, may be measured in the presence of an
arfi- of widths determined by the integration in-  ficial body of uniform
absorption such as tervals and static beam geometry and are  water in a a
suitably shaped box or a 25  of a shape determined by the geometry of
phantom of plastic material. Such correction  90 scanning movements in
those intervals. For  factors may later be subtracted from the the purpose
of illustration, however, they  measured output signals for the body 1. may
be considered to be represented by    The X-ray source 12 is shown in
greater single lines which are in fact their centre  detail in Figure 2 and
comprises an elec- 30  lines. The lines illustrating the extreme of tron
gun 24, powered by a conventional 95. fan 16 are thus the centre lines of
the ex- supply not shown, providing a beam  of treme beams of the fan.
electrons 25 which is incident on target/ The analogue signals for those
paths are  anode 15 to provide X-ray fan 16. In then converted to digital
form in converters  Figure 2 the elongation of target 15 is per- 35  19 and
to logarithmic form in converters pendicular to the paper so that the X-ray
100 20 for output at 21 to further processing. It fan 16 is also
perpendicular to the paper. will be understood that one amplifier 17,
Source collimator 26 is provided, as shown, integrator 18, A/D converter 19
and log  to restrict the X-rays substantially to the converter 20 is
provided for every detector. plane of the fan, shown dotted at 27 and 40
all operated in synchronism. All of the  that is then the plane of a
section of the 105 circuits 17 to 20 are of well known construc- body 1 to
be examined. It wil be under- tion. The processing is effective to sort the
stood however, that examination need not signals into sets representing
absorption  be restricted to a plane if this is not desired. along sets of
parallel paths, as will be fur-  The electron gun and target are enclosed
in 45 ther explained hereinafter, for processing  an evacuated envelope 28
having a neck 110 by a suitable method, such as that described  section
around which are disposed scanning in British Patent Application No.
19528/73 coils 29 receiving a sawtooth signal from a (Serial No. 1471531)
to provide the desired  time base generator 30. In operation the saw-
representation.                         tooth voltage from generator 30
scans the 50   In order to achieve the effect of the pre- point of
incidence of the electron beam 25 115 sent invention, which will be
described in  along target 15 from one end in a direction detail
hereinafter, the motor 11 provides a  perpendicular to the paper to scan
the X- continuous motion of rotatable member 6  ray point of origin as
shown in Figure 1. and all the equipment mounted thereon, Although a pencil
beam of electrons is in- 55  about axis 7 and therefore about the body
dicated it will be understood that it may be 120 1 of the patient on bed 2.
The motion and  a ribbon shaped beam used in conjunction the lateral
scanning of X-ray fan 16 must with a suitable shape of target 15. Further-
be in strict relationship to achieve the de- more oil cooling of target 15,
although not sired result. For this purpose the shaft of shown, is
preferably provided in a conven- 60 gear wheel 10 has mounted co-axially
there-  ventional manner. Although scanning coils 125 on a circular
graticule 22 in the form of a  have been shown in Figure 2. deflection
translucent ring carrying radial engraved  plates may be used if desired;
any con- lines. The lines can interrupt a light path  figuration of source
12 capable of achiev- between a light source and photocell in a  ing the
scanning of the X-ray fan 16 being 65  unit 23 mounted on frame 9, so that
the  suitable for use with the invention.  130    1,558,062
4 As mentioned hereinbefore,  time base  will be discussed hereafter. One
fan 16 generator 30 provides the scanning sawtooth is central to the
arrangement and is repre- voltage in conventional manner and to pro-
sented by the solid line at 16c. The curva- vide the desired scanning
relationship this  ture of the lines given by 16a and 16c inter- 5
sawtooth is to be maintained in a correct  Figure 4 arises because r does
not vary  70 phase with the rotation. The. exact relation-  linearly With 8
there being a sinusoidal re- ship used is determined by the pulses from
lationship between them. It will be under- 



photocell unit 23. Since the pulses are also  stood that eacsuch line is
really a plurality supplied to integrators 18, the integration  of points,
one for each detector, and that 10  times are retained in the desired
relationship  between each lies, in this example, two other 75 with the
scanning of X-ray fan 16 to pro   equally spaced l6d- provided by the
inter-' vide the required effective beam paths.     vening integration
intervals. Figure 4 shows It has been mentioned that processing,  all of
the individual points for the seven suitable for use with' X-ray apparatus
of  beam paths from  31a  to 31b, incident on 15  the type described, such
as that disclosed in  detector l3. The area of the diagram  of 80 said
Application No. 19528/73 (Serial No.  Figure 4 enclosed by these loci will
be re- 1471531). operates preferably  on  dad  ferred to hereinafter as a
"patch", it being representing the absorption along a plurality  understood
that each such "patch" is in fact of sets of parallel beam paths in the
plane  a matrix of points representing the position 20  of examination. The
present invention pro-  in r and [err] of the individual beam  paths  85
vides such data while allowing correction  provided by one lateral scan of
the X-ray of relative sensitivity differences between  source 10.
individual X-ray detectors used.        The description so far has
disregarded the Figure 3 illustrates the scanning arrange- rotational
motion. The effect of a coritinu-' 25  ment in simplified form;
disregarding the  ous rotational motion, during a source scan, 90
rotational motion of rotary member 6. Three  on a patch is to distort it,
in this example fans of X-rays 16a and b as in Figure 1  as shown by the
broken lines. Those lines and a further central fan 16c, are shown  show
the shape of 'a' tyica patch as emanating from target 15 and impinging on
achieved in practice and  which will be as- 30  detectors 13. It will be
seen that each beam,  sumed hereinafter. All other considerations  95 as
defined by the position of its centreline,  relating to the patch are as
described. It can be described uniquely by  values of r  should be
understood that although the and [err] where r is the perpendicular
distance  shape of the patch indicated by broken lines from the centreline
to the rotational axis 7  is correct, its displacement relative to the 35
and [err] is the angle between that perpendicu-  non-rotational patch is
determined by the 100 lar and an arbitrary x direction. It will be
arbitrary choice of a zero position for the understood that a set of
parallel beam paths  rotational motion. In this example of Figure is a set
having different values of r and the  4 the  rotational origin is set at
the centre same value of [err]. A plurality of such sets is  of the patch
so that the new patch is dis- 40  to be provided at different values of 6
as  placed equally on opposite sides of the ori- 105 required by the
processing referred to here-  ginal one. In this example the lateral scan
inbefore.              '                  of the source point and the
rotation of the As mentioned, the integrator timing  in  source have been
shown to be in the same this example is such that as the point of
direction (anticlockwise as shown in Figure 45 origin of the X-rays is
scanned from one end  3). It should however be understood that 110 to the
other of target 15 seven integration the lateral source scan and rotational
motion intervals occur, giving outputs representing  may, if desired, be in
opposite directions so seven-beam paths for each detector. Thus  as to
cause distortion in the opposite sense detector. 13, in Figure 3 gives data
for beam  to that shown in Figure 4. Provided the 50  paths whose
centrelines are equiangularly  relative timings are correct such opposite
115 spaced between 3a and 31b.                motion can readily be
arranged to provide Figure 4 shows a graph representing the  the same
effective relationships. position of beam centrelines in terms of [err]
The  timing  relationship  between  the and r for one lateral scan of fan
16.  In, lateral scan of the X-y source and the 55' r/[err] diagrams such
as Figure 4, for the sake  rotational motion is, in accordance with the 120
of clarity points representing beam  paths   invention, aranged to satify
two conditions. will be identified by the reference numbers  These can be
seen in Figure which shows used in Figure 1 or 3 to identify either the  at
an arbitrary position in the [err]/[err] dia- beam paths themselves or the
detectors ex-  gram  the beam  paths examined by some 60  amining them; The
two chain dotted lines  of the detectors 13, 13 etc. for six succes- 125
are the loci of points representing the beams  sive lateral scan positions.
All of die inte- of fans 16a to 16b. Although it has been   gration
intervals  are indicated by respec- said that seven such fans are required
from  thee symbols which will be explained herein- a seven position scan,
one extreme fan may  after, for thrre such scans and some posi- 65  be
omitted by virtue of an overlap  Which  tions for three more scans. At the
start of 130    5                                          1,558,062 one
scan the first seven detectors, 3, to  ing close to them but displaced as
described 13, provide data for the points indicated. hereinbefore. In that
alternative arrangement The scan starting from those points will be  even
beam path reading would be the sum labelled herein as the 'first scan'
although  of several readings for the identical path ob- 5  it is to be
considered typical of all and not  tained by several different detectors.
70 necessarily from a starting position. It will   In consideration of the
relationships of be understood that data may already have  the present
example it will be seen that if a 



been provided for other such positions start  further integration interval
before flyback ing to the left of the 'first scan' in. Figure 5.  had been
provided for the 'first scan' in- 10 In the course of, in this example, six
dicated by dots, data would have been pro- 75 integration intervals
detector 13[err] provides  vided unnecessarily for positions later to be
data for paths whose centrelines are in-  provided by the sixth scan,
indicated. by dicated by the dots on the arrowed line. The  vertical
crosses. The first patch is therefore other detectors provide data for the
posi-  terminated at the point shown to provide 15  tions indicated by the
other dots, moving  complete and  unduplicated data. If de- 80 through the
same stens of r and [err] as 13. sired it could, be arranged to include
this For reasons to be explained hereinafter the  duplicated reading for
the purposes of, for sixth position is, in this example, the last  examples
a check on the relative sensitivi- of the patch and flyback then follows to
ties of the two detectors. 20  take detector 13, to the position at the
start    Although the description so far has as- 85 of the 'second scan'
indicated by an open  sumed that each. position on the diagram circle. The
other detectors flyback to cor-  represents a single. beam  path, in
practice responding positions. It will be seen that  the detectors are
closely spaced.so that such these are at the same values of r as at the
beam paths would be relatively narrow. In 25  start of the 'first scan' and
are close to,  the practical arrangement. therefore the data  90 but
displaced in [err] from, the second integral-  for several positions at
constant r are com- tion positions of the, 'first scan'. Thus de-  bined to
give composite beam  paths each tector l3, is now closer to a position pre-
combining data from several detectors. This viously occupied by 13[err] and
detector l3[err] has  is illustrated at the lower part of Figure 30  now
entered the diagram to be close to an  5 where, data between the. chain
dotted lines  95 earlier position of 13,. In the course of the  are
combined for each constant r row to next lateral scan the detectors now
provide  provide a constant [err] column representing data for beam  path
positions on the path  a set of parallel beam paths each one of indicated
by the open circles.               which is associated with combined data
from, 35    In successive lateral scans therefore de-  in this example, six
detectors. The [err] posi- 100 tector 13, follows the arrowed line, with
tions of these beams paths will be taken at flyback indicated by the
arrowed broken  their midpoints which are considered to be line, while the
detectors provide successive  midway, between the, chain dotted lines.
patches  having beam  path positions in-   Large numbers of detectors may,
of course, 40  dicated by respectively diagonal crosses for  be combined as
desired. It will be seen that 105 the, 'third scan', triangles for the
fourth  the output signal for each beam path will scan, inverted triangles
for the fifth scan  be the combination of the. output signals and vertical
crosses for the sixth scan.    from a different distribution of detectors
Patches forfurther scans will of course be  from different lateral scans
thus distributing 45  provided  but have not  been  shown  in  in
successive output signals any errors due 110 Figure 5.
to sensitivity differences in the detectors. In The relationship, of the
flyback time of  view of the problems associated with pro- the  source spot
to the orbital motion is  viding collimators able to 'see' different chosen
to, obtain a suitable displacement  positions of the source spot in its
scan, 50  of successive patches which in this example  further sensitivity
differences, for a detector/ 115 z               ensures an even
distribution of beam path  collimator combination may be introduced
positions in the diagram, as may be seen  dependent on the, X-ray source
spot position in the lower part of Figure 5 in a region for  for any beam
path. The differing distribu- which al1 patch points are shown. The rela-
tions of detectors in the combinations re- 55  tionship also provides that
beam  path posi-  ferred to ensures that such further sensitivity 120 tions
lie in substantially vertical columns  differences are also distributed
through data in the diagram to provide sets at constant  for each set of
parallel paths so that errors [err] which could be the data set for
parallel  introduced thereby are reduced. beam paths referred to
hereinbefore. The    As mentioned hereinbefore the paucity of 60  even
distribution and vertical columns are  data for beam path positions to the
left of 125 the two conditions referred to hereinbefore.  the diagram of
Figure 5 is due to the fact However in an alternative example it could
that earlier source scan data have not been be arranged so that the flyback
caused the   shown in the Figure. However, it will be beam  paths to
overlie paths previously  seen that at the top of the Figure the data 65
scanned by other detectors instead of be-  for the extreme detectors of the
array give 130    1,558,062                                      6 gaps
caused by the nature of the overlap. detectors have been shown equidistant
from The same will be true of detectors at the  the axis, the distribution
can also be ad- other extreme. Since these gaps fill in less  justed by
making these distances unequal. important regions at the extreme of the
The invention has been described in terms 5 body the composite paths for
those regions  of an arrangement employing a complete 70 may be provided
from reduced data without  360[err] rotation of member 6. Although this
significant error to central regions. Alterna-  results in the same beam
paths being ex- 



tively the geometry may be arranged so that  amined from opposite
directions this may the missing data are for regions external to  be
desirable as scattering the radiation 10  the body in which case they may
be used  tends to be different for180[err] displaced de- 75 merely to
provide correction in the con  tector positions and errors caused thereby
volution processing or omitted entirely if  are thus reduced. If desired,
however desired.                .               scanning over a smaller
angular range may In the arrangement assumed for Figure  be employed,
providing sufficient parallel 15  5 the integration intervals have been
timed  sets for the processing used are obtained.  80 so that the
successive beam path positions    It will be understood that the ratios of
of a scan have the same distribution in r  the lateral scanning and
rotational move- as the detectors. Further intermediate posi-  ments and
the integration intervals are fixed tions may be provided, however, and in
one  for any particular example of the apparatus, 20  example these may be
at the points indicated  as design parameters; although means for 85 by
asterisks for the first scan of detector 13[err].  adjusting them may be
provided if desired. Although other such positions have not been
Consequently the data provided by the de- shown:for clarity it will be seen
that they  tectors will be for a predetermined sequence would provide beam
path positions inter-  of.beam paths. Similarly the combination 25  mediate
in r to those shown but in similar  of data to provide the aforementioned
com- 90 even distribution. In the example shown the  posite beam path will
be in a known pre- flyback is delayed to provide a last position
determined manner. A suitable circuit is at the extreme lower right
asterisk and is  illustrated in block diagrammatic form  in speeded up to
commence the second scan  Figure 6. 30  as shown.
The photocell unit 23 provides a series of 95 It will be seen that such
intermediate path  pulses at the same timing as the data signals positions
are also intermediate in [err] thus pro-  and these are therefore used to
clock the log viding a slight deviation in [err] in the final  converted
signals at 20 in Figure 1 into a parallel sets of data. However such devia
random access memory (RAM) store 32 in 35  tion is small compared with the
range of  predetermined locations in the correct se- 100 [err] covered by
the combination of data re-  quence. The locations are determined by ferred
to hereinbefore and may be disre-  an address selector 33 which requires
the garded. Preferably the deviation is arranged  clock pulses from the
photocell unit. Each to be at relatively high spatial frequency  data
signal is added to any data already in 40  as in the illustrated
arrangement and does  its respective location so that the multiple 105 not
take the form of a low frequency drift.  signals for each composite beam
path are Although, as has been mentioned, the  properly accumulated. For
the reasons given combination of data distributes sensitivity  it is known,
for each beam path, how many differences, thus reducing errors, the oppor-
signals have contributed to the data. Thus 45  tunity provided by the
provision of data for  the total signals can be equalised suitably 110
closely spaced beam paths by different detec-  as they are read out in sets
at constant [err] tors may be taken to correct for such sen-  for
processing in processing circuits 34 for sitivity differences by relative
adjustment of  example; as described in the said British respective
amplifier gains. Preferably. how-  Application  No. 19528/73  (Serial No.
50  ever, such adjustment should not be effected  1471531). Circuits 34
request the data in    115 from single data values but from estimated
sequence by sending suitable pulses to ad- sensitivities accumulated over a
number of  dress selector 33 to initiate the prearrranged data values and
constantly updated.     output sequences. It will be understood that
Considering Figure 5 it will be readily ap- the transfer. of information in
response to 55   parent that the same desirable distribution  suitable
clock pulses is well known, for ex- 120 of beam path positions can be
obtained if  ample, in the computer art and that the the source spot scan
and rotational motion  circuits illustrated here in black form may are in
apposite senses. Clearly certain rela-  take any form desired by the
designer of tionships will be changed so that if for  detailed circuits
provided they assemble data 60 example, the rotation is in the direction of
signals in the correct sequences  described l25 positive [err], the source
scans will be in the  hereinbefore. direction of negative [err] and the
flyback the    In practice that processing requires data reverse. However
the essential, distribution  for a set of parallel beam paths substan- can
be arranged to be the same. It should  tially equally distributed  across
the body also be noted that although the source and  section being
examined. As will be seen  13    7
1,558,062                                          7 from the curved form
of the patches, for  posite electrical signals, each  of which example in
Figure 4, the sets obtained ac-  relates to a composite beam path passing
cording to the present invention are not so  through said part of the
region, for process- 65 equally distributed. Consequently  correc-  ing to
derive a representation of absorption 5 tion should be made for the error.
To this  of the radiation in said region. end, the data for sets of
parallel beam paths    2. Radiographic apparatus according to are read out
of the RAM  stores from the  claim  1 wherein said means causing said 



predetermined location and are then sub-  repeated shifts is arranged such
that for 70 ject to interpolation to provide further sets  each detector
device at least some of the 10  of data applicable to notional beam paths
mutually inclined beam  paths for which which are properly equally
distributed. The  radiation is detected are substantially par- data for
these notional sets are those used  allel to at least one of the mutually
inclined in the processing referred to. It will be un-  beam paths for
which radiation is detected  75 derstood that any suitable form of
interpola-  by the other detector devices during the 15  tion may be used
to provide the equally dis-  same shift. tributed data.
3. Radiographic apparatus according to It should be understood that the
condi-  either of the preceding claims wherein said tion, referred to
hereinbefore, that data are  means causing said repeated shifts is ar- 80
evenly distributed in [err] for each value of r,  ranged such that for each
detector device 20  is a convenience which allows ready com-  each of the
mutually inclined beam paths bination as desired. The distribution need
for which radiation is detected during one not, however, be uniform
provided suitable  of said shifts is substantially parallel to allowance is
made for the actual distribution  beam paths for which radiation is
detected  85 in the processing.                        by detector devices,
which may include the 25                                            same
detector device, during others of said WHAT WE CLAIM  IS: -
shifts. 1. Radiographic apparatus comprising:    4. Radiographic apparatus
according to means defining a patient position; a source  any of the
preceding claims wherein said  90 of a substantialy planar, fan-shaped
spread  means for causing said repeated shifts is 30  of X-radiation; means
supporting  said  arranged so that the angular displacements source so that
said radiation propagates  between successive beam paths relating to a
through a region of said patient position  detector device during a shift
are of the same along a plurality of diverging beam paths;  sense as the
angular motion of the sup- 95 detecting means, also supported by said
porting means. 35  supporting means, including a plurality of    5. The
radiographic apparatus accord- detector devices each adapted to detect  ing
to any of the preceding claims wherein radiation emergent from said region
along  the said scanning means and the said means a respective one of said
beam paths; scan-  for causing repeated shifts are arranged so 100 ning
means for moving said supporting  that the beam paths for which the
detector 40  means and with it said source and said de-  devices receive
emergent radiation during tecting means, angularly, around said patient
each one of said shifts intersect a part of position causing said source to
project said  said region which overlaps at least one part radiation
through said region along further  intersected by the corresponding beam
paths 105 beam  paths and  causing said  detecting  during another shift.
45  means to detect radiation emergent from     6. Radiographic apparatus
according to said region along said further beam paths,  any of the
preceding claims wherein the eat detector device producing distinguish-
means for combining is arranged to com- able electrical signals relating to
a plurality  bine electrical signals relating to a plurality 110 of beam
paths during movement of said sup-  of substantially  coincident beam
paths 50  port through a substantial angle; means  through the said region.
causing the source of said spread of radia-    7. Radiographic apparatus
according to tion to repeatedly shift with respect to said  any of the
preceding claims including pro- detecting means during said angular move-
cessing means arranged to process the said 115 ment through said
substantial angle so that  electrical signals or further signals derived 55
each detector device detects sequentially,  therefrom to derive a
representation of the during each shift, radiation emerging from
distribution of absorption of the radiation in said region along several
mutually inclined  said region. substantially co-planar beam  paths, and
8. Radiographic apparatus substantially 120 means for combining electrical
signals pro-  as herein described with reference to the 60  duced by
different detector devices for beam   accompanying drawings. paths which
can pass through substantially             A. B. LOGAN, the same part of
the region to provide corn-       Chartered Patent, Agents, Printed for Her
Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1979.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.    7
1,558,062 from the curved. form  of the patches. for  posite electrical
signals, each  of which example in Figure 4. the sets obtained ac-  relates
to a composite beam path passing cording to the present invention are not
so  through said part of the region, for process- 65 equally  distributed.
Consequently correc-  ing to derive a representation of absorption 5  tion
should be made for the error. To this  of the radiation in said region.
end, the data for sets of parallel beam paths    2. Radiographic apparatus
according to are read out of the RAM  stores from the  claim  1 wherein
said means causing said 



predetermined location and are then sub-  repeated shifts is arranged such
that for 70 ject to interpolation to provide further sets  each detector
device at least some of the 10  of data applicable to notional beam paths
mutually inclined beam  paths for which which are properly equally
distributed. The  radiation is detected are substantially par- data for
these notional sets are those used  allel to at least one of the mutually
inclined in the processing referred to. It will be un-  beam paths for
which radiation is detected 75 derstood that any suitable form of
interpola-  by the other detector devices during the 15  tion may be used
to provide the equally dis-  same shift. tributed data.
3. Radiographic apparatus according to It should be understood that the
condi-  either of the preceding claims wherein said tion, referred to
hereinbefore, that data are  means causing said repeated shifts is ar- 80
evenly distributed in [err] for each value of r.  ranged such that for each
detector device 20  is a convenience which allows ready com-  each of the
mutually inclined beam paths bination as desired. The distribution need
for which radiation is detected during one not, however, be uniform
provided suitable  of said shifts is substantially parallel to allowance is
made for the actual distribution  beam paths for which radiation is
detected  85 in the processing.                        by detector devices,
which may include the 25                                            same
detector device, during others of said WHAT WE CLAIM  IS: -
shifts. 1. Radiographic apparatus comprising:    4. Radiographic apparatus
according to means defining a patient position; a source  any of the
preceding claims wherein said  90 of a substantialy planar, fan-shaped
spread  means for causing said repeated shifts is 30  of X-radiation;
means  supporting  said  arranged so that the angular displacements source
so that said radiation propagates  between successive beam paths relating
to a through a region of said patient position  detector device during a
shift are of the same along a plurality of diverging beam paths;  sense as
the angular motion of the sup- 95 detecting means, also supported by said
porting means. 35  supporting means, including a plurality of    S. The
radiographic apparatus accord- detector devices each adapted to detect  ing
to any of the preceding claims wherein radiation emergent from said region
along  the said scanning means and the said means a respective one of said
beam paths; scan-  for causing repeated shifts are arranged so 100 ning
means for moving said supporting  that the beam paths for which the
detector 40  means and with it said source and said de-  devices receive
emergent radiation during tecting means, angularly, around said patient
each one of said shifts intersect a part of position causing said source to
project said  said region which overlaps at least one part radiation
through said region along further  intersected by the corresponding beam
paths 105 beam  paths and  causing said  detecting  during another shift.
45  means to detect radiation emergent from      6. Radiographic apparatus
according to said region along said further beam paths,  any of the
preceding claims wherein the each detector device producing distinguish-
means for combining is arranged to com- able electrical signals relating to
a plurality  bine electrical signals relating to a plurality 110 of beam
paths during movement of said sup-  of substantially  coincident beam
paths 50  port through a substantial angle; means  through the said region.
causing the source of said spread of radia-    7. Radiographic apparatus
according to tion to repeatedly shift with respect to said  any of the
preceding claims including pro- detecting means during said angular move-
cessing means arranged to process the said 115 ment through said
substantial angle so that  electrical signals or further signals derived 55
each detector device detects sequentially,  therefrom to derive a
representation of the during each shift, radiation emerging from
distribution of absorption of the radiation in said region along several
mutually inclined  said region. substantially co-planar beam  paths, and
8. Radiographic apparatus substantially 120 means for combining electrical
signals pro-  as herein described with reference to the 60  duced by
different detector devices for beam   accompanying drawings. paths which
can pass through substantially             A. B. LOGAN, the same part of
the region to provide com-       Chartered Patent Agents, Printed for Her
Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1979.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
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