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GIBBONS (54) IMPROVEMENTS IN OR RELATING TO RADIOGRAPHY (71)   We, EMI
LIMITED, a British  responsive to said radiation, arranged on the company
of Blyth Road, Hayes Middlesex,  opposite side of said body part to said do
hereby declare the invention, for which  source and each disposed to
receive radiation we pray that a patent may be granted to us,  emergent
from the body along a respective 5   d      the method by which it is to be
per-  path, through said plane of interest, means 50 formed, to be
particularly described in and  for rotating the source and detector devices
by  the following statement: -.           around the body part and about a
common The present invention relates to radio-  axis perpendicular to the
plane of the swath graphy and it relates especially to techniques  at a
steady speed and through a common 10 f  obtaining information indicative of
the  predetermined angle, and means for deriving 55 presence or absence of
anomalies in the  from each of said detector devices during interior of a
body, despite the presence of  said rotation a plurality of distinguishable
o er material in the body.               signals indicative of the
absorption suffered n the Specification of British Patent No.  by said
radiation on traversing a respective 15 1, 3,915 there is described and
claimed a   group of paths through the body part.  60 method of, and
apparatus for, examining a  In order that the invention may be clearly body
by means of radiation such as X- or [err]-  understood and readily carried
into effect, radiation.The useof the method or apparatus  the same will now
be described, by way permits the calculation of the transmission   of
example only, with reference to the 20 or  sorption coefficients of
substantially all  accompanying drawings, of which:-  65 elements in an at
least two dimensional,    Figure 1 illustrates, partly in a plan notional
matrix of elements defined in the  section and partly in block schematic
form, body  being examined. This is achieved by   apparatus in  accordance
with one example causing radiation to pass through the body   of the
invention, 25 alon a plurality of discrete paths of cross-    Figure 2
shows a section on lines II-II of 70 sectional dimensions similar to those
of said  Figure 1, elements, said paths being oriented to pass    Figure 3
illustrates waveforms explanatory through   respective combinations of the
of the operation of the apparatus shown in elements in said notional
matrix. The overall  Figure 1, 30 absorption of radiation along each of the
Figures 4 (a) and 4 (b) show, in perspective 75 discrete  paths is detected
and sufficient paths  view and cross-sectional form respectively, are
to enable the calculation .of the  a calibration device suitable for use
with absorption or transmission  coefficients of  the apparatus shown in
Figure 1, and substantially all elements in said notional    Figure 5 shows
an alternative form of the 35 matrix.
invention.                             80 The present invention has the aim
of pro-    Referring now to the drawings, and more viding an improved
arrangement for the  particularly to Figures 1 and 2, a body :1 same urpose
to be investigated is mounted in an arrange- According to the invention
there is pro-  ment shown generally at 2 so that it can be 40 vided
apparatus for examining part of a body  illuminated by a fan-shaped swath 3
of 85 by means  of penetrating radiation, such as  penetrative radiation,
such as X- or y- X- or [err]-radiation, including a source of a  radiation,
derived from a source 4. substantially planar, sectoral shaped swath    The
arrangement 2, in this example, com- of said radiation arranged on one side
of  prises an enclosure of which the outer walls 45 the body part, a
plurality of detector devices,  5 are formed of the material known by the
90   



2 Registered  Trade  Mark  "Perspex"  or    referring again to Figure 1
each integrator another suitable material. The arrangement    10 is
arranged to feed a respective bistable is provided with a central aperture
in which    circuit 11 which is such that it provides the body I is
situated, the aperture being  an output pulse when the input signal thereto
5 surrounded by a tubular, flexible wall    reaches zero potential from a
more positive 70 formed, for example, of rubber. The enclo-   potential.
The output pulses from  all the sure between the walls 5, 6 is filled with
circuits II pass on the one hand through a water as indicated by the
horizontal shading  common OR gate 11a, and on the other lines. Water can
be pumped into or out of   hand as path identity signals to a store 12 10
said enclosure by means of a pump 24 whi  associated with a computer (not
shown).    75 is reversible in its operation and which com-  An oscillator
13 is arranged to generate municates with said enclosure by means of  a
regularly occurring pulses at a rapid rate and pipe 23 and with a water
reservoir ( ot  these are applied to an AND gate 14. The shown) via a pipe
25, a closure valve  25a   gate 14 is enabled at time [err] by  the same 15
and a removeable pipe 25b.  Water is pum   control signal as was  used to
apply the 80 out of said enclosure to allow the tubular all  negative
potential to the integrator 10, the 6 to expand outwardly so that the body
1   control signal being applied to a terminal can be inserted therein and
then water  is  15, and is arranged to pass the pulses pumped into said
enclosure to cause the   generated by oscillator 13 to a counter 16 20 wall
6 to fit snugly around the part  of   continuously from the  time [err] to
the time 85 body 1 which is to be investigated. In  order   when the last
of the integrators indicates zero that the body 1 and the flexible wall 6
may   potential. remain stationary whilst the remainder   of   The counter
16 is a multistage binary the enclosure is rotated, a rotary water seal
counter having sufficient capacity for count- 25 7 is provided in the
arrangement 2 The   ing the number of pulses which would be 90 fan shaped
swath 3 passes through  the   generated by oscillator 13 during the period
arrangement 2 as shown in Figure 2  nd it  from [err] to the maximum
possible time taken will be appreciated that the snug fit between   for one
of the integrators 10 to indicate the flexible wall 6 and the body 1 must
be   zero potential i.e., in the case of zero 30 maintained at least over
the area  rough   absorption of the radiation along a given 95 which the
beam passes.                    path. Having passed through the body 1, the
Each stage of counter 16 is connected, via fan shaped swath 3 is incident
upon a   a respective AND gate 17, as a decay time plurality of radially
extending collimators 8   input to the store 12 and the gates 17 are 35 and
the field of view of each collimator  all simultaneously enabled when a
pulse 100 defines a respective, discrete path of  radia-   derived from any
one (or more) of the bist- tion through the body 1. In one   example,  able
circuits 11 passes through the OR gate 160 such collimators are used. In
order that  11a. The store 12 thus receives both path the overall degree of
absorption of radiation   identity and decay time information and the 40
along each discrete path can be monitored,  computer is arranged to
correlate this infor- 105 each collimator 8 communicates with a   mation to
provide a figure representing the respective radiation detector 9 which may
absorption (or transmission) of said radia- take one of several forms to be
described  tion along each path. These figures are then hereinafter.
converted into logarithmic values and pro- 45   Each detector 9 feeds a
respective inte-  cessed, for example in the manner described 110 grator
circuit 10 and the arrangemnt is such  in the aforementioned Patent
Specification, that (referring to Figure 3) each integrator  to provide a
representation or a visual record receives signals from its respective
radiation   or display of the absorption (or transmission) detector for a
given exposure period [err]. At  coefficients of substantially all the
elements 50 time [err], a negative voltage is applied in  in a
two-dimensional notional matrix of 115 parallel to all the integrators  10
causing   elements defined in the body 1. them  each  to  discharge
towards zero    In this example, the fan shaped swath is potential. The
time taken for the charge held  substantially planar, but it could
alternatively in a given integrator to reach   zero potential  be caused to
have a greater thickness dimen- 55 will clearly be determined by th amount
of  sion so as to permit a three dimensional 120 charge accumulated up to
[err] thus if, for  notional matrix of elements defined in the example a
first detector accumulated charge  body 1 to be investigated. corresponding
to a potential [err] and a second  In operation, the source 4, the part of 



detector accumulated a lesser amount of  arrangement 2 outside the water
seal 7, 60 charge corresponding to a potential [err], the  together with
the pump 24, pipes 23 and 25  125 integrator associated with the  first
detector  and the valve 25a, from which pipe 25b is would reach zero
potential in time [err]  then detached, the collimators 8 and the whereas
the integrator associated with the   detectors 9 are orbited, about the
centre 0 second detector would reach zero potential  of the arrangement 2,
relative to the body 1 65 in the lesser time [err]. Accordingly,  in order
to expose the body I to radiation  130    1,430,089
3 from   plurality of different directions. For  detectors of this kind is
dark current and the this  urpose  the  aforementioned  com-  detectors
require cooling to reduce this ponen   are mounted on a turntable 31
phenomenon. If however, the temperature of which  as an aperture therein
correspond-  the array of detectors is established, a higher 5  ing to he
diameter of the water seal 7, the  dark current can be tolerated since it
is con- 70 turntabe being driven by means of an   sistent and can be
allowed for by suitably electric motor 27 via a suitable drive
programming the computer. mechanism  28 which may comprise, for
Example 2 example, a toothed gear wheel adapted to     Photomissive diodes
together with a wave- 10  co-op  te with gear teeth provided around  length
converter phosphor. The diode could 75 the periphery of the turntable 31.
It is pre-  comprise, for example, respective separate ferable in some
circumstances, especially  photodiodes for each collimator; a similar when
the human torso is examined, that  number of diodes in a common vacuum the
aforementioned components be rotated   enclosure; channel multiplier
diodes; small 15 at a rapid rate in order that the irradiation
photomultipliers or gas-filled photomultiplier 80 of the torso can be
completed sufficiently  photocells. rapidly  at the time available for
movement    There are practical limitations on attain- of internal  organs
of the body (which move-  able sizes of photoemissive diodes, but this ment
could cause degradation of the resolu-  disadvantage can be alleviated to
some extent 20 tion of the apparatus) is limited. In these  by utilising
reflecting optical systems.  85 circumstances, it is preferable for the
afore-           Example 3 mentioned   components to be rotated con-    An
X-(or [err]-) ray sensitive vidicon. Grazing tinuously rather than
step-wise (as described  incidence reflecting optical elements made in some
embodiments of the apparatus  from  such metals as electroless plated 25
described  in  the aforementioned  Patent  titanium or aluminium have made
it possible 90 Specificat n). Because of this continuous  to obtain good
quality X-ray images without rotation, each  exposure time effectively
using pinhole optics. A difficulty arises how- correspon s to the time
taken for the afore-  ever in that an image demagnefication of mentionents
to rotate through a   about 30:1 is required. 30  small angle, and in order
to reduce or                    Example 4                 95 avoid
confusion of detail produced by the  A fibre-optic vidicon fed by
respective relative movement between the source and  fibre optic light
guides from respective wave- detectors and the body, the computer can
length  converter  phosphors  for  each be programmed to take account of
this.    collimator. 35   To evaluate zero for each detector 9
Example 5                 100 during operation   of the apparatus, a
shutter    A tube of the type known by the Regis- (not shown) may be
provided between the  tered Trade Mark "Digicon" and a wave- source 4
the arrangement 2. This shutter  length converter phosphor. The "Digicon"
is is rotated   that it intermittently interrupts   a vacuum  tube
containing a semitrans- 40 the radiation during each exposure time and
parent photoemissive cathode of the inside 105 the zero reading obtained
when  the beam   of the end window, a series of accelerating of radiation
is interrupted is subtracted from   and focusing electrodes and a linear
array the calculated absorption (or transmission)  of silicon p-n junction
diodes on the window coefficient. The shutter drive mechanism   at the
other end. A solenoidal focus field is 45 must be synchronised with the
mechanism   used to direct and focus electrons emitted 110 for rotating the
aforementioned components  from  the photocathode. The diodes are of the
apparatus so as to enable a zero to  reverse biassed and, when struck by
elec- be evaluat  during each exposure time.   trons, the phenomenon of
electron bombard- It is possible, as previously mentioned, to   ment
induced conductivity causes them to 



50 utilise one  of several arrangements as the   conduct. The conduction
current is about 115 detectors 9  and these arrangements are set  [err] or
[err] times greater than the bom- out below.
barding current and thus the tube is capable Example 1                  of
detecting single photoelectrons. For this Silicon photodetectors togetherer
with  an   application, the Digicon requires a fibre 55 associated
wavelength converter phosphor,  optic end window communicating with the 120
such as a  Csl crystal, for converting the   photocathode  and  fibre optic
coupling penetrative radiation into optical radiation.  between the Digicon
and respective wave- The silicon photodetectors can take the  length
converter crystals for each collimator. form, for example, of p-n junction
photo-               Example 6 60 diodes, p-i-nsilicon photodiodes, silicon
Photographic film. A  full size medical 125 avalanche photodiodes, silicon
photofets,  X-ray plate is moved mechanically beneath silicon planar
junction phototransistors or  the body in a direction perpendicular to the
silicon photo-integrated circuits, a respective   plane of the fan-shaped
beam 3. Thus a detector being provided for each collimator.  series of
lines corresponding to the trans- 65   A  problem  which arises with photo-
mitted radiation would be unprinted as a 130    4
1,430,089 number of dots at each exposure angle. After   calibration curve
for each component of the developing the lines are scanned   with a
detecting means 'being applied to the com- microdensitometer.
puter for  comparison  with  the  stored In any of the above examples, it
can be   characteristic response curve. After the com- 5 advantageous, in
order to avoid   spaces   parison has been effected, the computer has 70
between adjacent detectors, to   construct the   a store of calibration
error information which collimators so that adjacent path overlap to   can
be used automatically to weight the some extent. Alternatively, however,
the   signals derived from  respective detecting gaps may be covered by
arranging  that, in a   means. 10 full 360[err] sweep around the body, the
paths   The "Perspex" wall 5 of the arrange- 75 not scanned on one half
revolution are   ment 2 need not be of the shape shown in scanned during
the next half revolution.   Figure 1. For example the walls through It is
desirable, in any of  the  foregoing   which the beam 3 passed need not be
arcuate; arrangements, that the individual  components  they may be planar
or shaped to provide a 15 of the detecting means should initially be
constant attenuation to radiation throughout 80 calibrated and then
re-calibrated  before each   the arrangement 2 when the body 1 is new body
is examined thereby. To this end,  replaced by water. Moreover, the
material a suitable arrangement has been  found to be   used to construct
these walls need not be as follows.                               "Perspex"
for example PVC or other suit- 20   One of the individual components (such
as  able plastics material could be used.   85 for example the extreme left
hand collimator    In the apparatus described with reference 8 and detector
9 shown in Figure 1) is cali-  to Figure 1, the discharge rate of the
integra- brated comprehensively by insertion of a   tors 10 is arranged to
be linear, and for this wedge of continuously variable thickness  reason
the binary numbers fed into the store 25 (and hence absorbing power)
between the   12 from the counter 16 have to be converted 90 source 4 and
the collimator 8, and  the output  into logarithmic values in order that
the signals fed from counter 16 to the computer   overall absorption
suffered by radiation tra- are noted. Thus the compu r is provided
versing the body along a path can be ex- with a characteristic respons
curve for the   pressed as the sum of the absorptions of the 30 detecting
means. Of course the   wedge could  elements of the matrix which are
disposed 95 be inserted between the source  4 and all the   along said
path. detecting  means to  enable  an  average     An alternative
arrangement is to cause the characteristic response curve to be calculated,
integrators to discharge in accordance with a if desired. Once having
provided the com-  logarithmic law. When the charge held in 35 puter with a
characteristic     response curve,  an integrator has decayed to a
threshold  100 it is only necessary, during  re-calibration,  level, the
corresponding bistable circuit 11 is to provide relatively crude
information to the  arranged to feed a pulse via "OR" gate 11a computer,
for example an  indication of the  to the "AND" gates 17. The operation
from responses of the detecting means to minimum   this point is the same
as that described with 40 and maximum amounts of    radition would
reference to Figure 1 except, of course, that 105 



be sufficient. However in this example the  the logarithmic conversion has
already taken responses of the detecting  means under two   place so that
it is unnecessary for the mem- intermediate conditions,  as  well as under
bers fed into store 12 from the counter 16 the two extreme conditions  are
measured. A   to be so converted. 45 sectoral shaped calibration  member
18, made  The threshold level referred to in the last 110 up of four layers
as shown   in Figures 4(a)  preceding paragraph can be selected to suit and
4(b) is used, the thinnest   layer 19 being  individual applications and if
a human torso adapted to transmit substantially all radia-  is being
examined, the threshold may be tion incident thereon, the  next thicker
layer  made such that an absorption level giving 50 20 being adapted to
absorb the radiation   rise to a charge, in an integrator, which  115 to
some extent, the layer 21 being adapted   decays to the threshold level in
a given time to absorb the radiation t a greater extent   is allocated a
value of zero. Correspond- and the thickest layer 22 being adapted to
ingly, absorption levels giving rise to changes absorb substantially all
the radiation incident  which decay to the threshold level in times 55
thereon. In addition to,or   instead of being  less than  are designated
positive (since 120 of different thicknesses the layers may be of  greater
absorption has occurred) whereas different materials. In operation, the
calibra-  absorption levels giving rise to charges which tion member 18 is
lowered step-wise into  decay to the threshold level in times greater the
path of the fan-shaped  swath 3, so that  than t' are designated negative.
60 the amount of radiation passed through each    It will  be appreciated
that in practice it 125 layer of member 18 is  monitored by each  is
convenient for a patient to lie supine with detecting means and   the
output signals  the required part of his torso inside the derived from the
detecting means are pro-  tubular, flexible wall 6. This can be achieved
cessed as described with reference to Figure  by arranging the apparatus
with its axis of 65 1, the process terminating  in a rough re-  rotation
horizontal and by placing suitable  130    1,430,089
5 couches or  the like on either side of the   media may be used and, in
particular if the apparatus, the couches being adapted to   body being
examined is not a human body,  40 support, respectively, the upper part and
the   other liquids of different densities might be lower part of the
patient's body.           preferable to water. In general it is desirable 5
In a modification of the invention which   to choose the liquid medium such
that its is shown in  part in Figure 5, the rotary   absorption to the
radiation being used is water seal used in the apparatus shown in  similar
to the average absorption of said  45 Figure 1 is dispensed with since the
water  radiation by the body being examined. enclosure is designed to
remain stationary    The apparatus described hereinbefore is 10  while the
source and detectors orbit around   substantially identical to that
described in it. In the   apparatus shown in plan and part  application
23064[err], from which this applica- cross-sectional view in Figure 5, a
cylindrical  tion was divided. (Serial No. 1430088).  50 outer wall 29 of
"Perspex" (Registered Trade  WHAT WE CLAIM  IS: - Mark) or  other suitable
material is formed   1. Apparatus for examining part of a 5  with annular
end flanges (not shown). Extend-  body by means of penetrating radiation,
ing between  the inner peripheries of the two   such as X- or -[err]-
radiation, including a annular flanges is a tubular, flexible inner  source
of a substantially planar, sectoral  55 wall 30 formed, for example, of
rubber. The   shaped swath of said radiation arranged on X-ray source and
detectors (not shown) are   one side of the body part, a plurality of 20
mounted  on  a turntable member 31 which   detector devices, responsive to
said radia- is annular  and rotates around the cylindrical  tion, arranged
on the opposite side of said wall 29; the axis of rotation of the turntable
body part to said source and each disposed  60 being coincident with the
longitudinal axis  to receive radiation emergent from the body of the
cylindrical wall 29. The operation   along a respective path, through said
plane 25  of the apparatus is identical to that of Figure   of interest,
means for rotating the source and I but since the water enclosure does not
detector devices around the body part and rotate, the need for the rotating
water seal  about a common axis perpendicular to the  65 is avoided. Also,
it is possible to provide   plane of the swath at a steady speed and a
permanent connection between a water  through a common predetermined angle,
and 30  pump   such as 24 (Figure 1) and a water  means for deriving from
each of said detector reservoir  , avoiding the need for a valve such
devices during said rotation a plurality of 



as 25a and a removeable pipe such as 25b   distinguishable  signals
indicative  of the 70 (Figure 1).                                absorption
suffered by said radiation on tra- Although in the foregoing description
versing a respective group of paths through 35  reference   has been made
to the use of water  the body part. to surround the part of the body being
examined, it is stressed that the invention is          A. B. LOGAN, not
limited to the use of water. Other liquid        Chartered Patent Agent.
Printed for Her Majesty's Stationery Office, by Croydon Printing Company
Limited, Croydon, Surrey, 1976. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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5 couches or the like on either side of the   media may be used and, in
particular if the apparatus, the couches being adapted to   body being
examined is not a human body,  40 support, respectively, the upper part and
the   other liquids of different densities might be lower part of the
patient's body.           preferable to water. In general it is desirable 5
In a modification of the invention which   to choose the liquid medium such
that its is shown in part in Figure 5, the rotary   absorption to the
radiation being used is water seal used in the apparatus shown in  similar
to the average absorption of said  45 Figure 1 is dispensed with since the
water  radiation by the body being examined. enclosure is designed to
remain stationary   The apparatus described hereinbefore is 10  while the
source and detectors orbit around   substantially identical to that
described in it. In the apparatus shown in plan and part  application
23064[err], from which this applica- cross-sectional view in Figure 5, a
cylindrical  tion was divided. (Serial No. 1430088).  50 Outer wall 29 of
"Perspex" (Registered Trade  WHAT WE CLAIM  IS: - Mark) or other suitable
material is formed    1. Apparatus for examining part of a 15  With annular
end flanges (not shown). Extend-   body by means of penetrating radiation,
ing between the inner peripheries of the two   such as X- or y- radiation,
including a annular flanges is a tubular, flexible inner  source of a
substantially planar, sectoral  55 wall 30 formed, for example, of rubber.
The   shaped swath of said radiation arranged on X- ray source and
detectors (not shown) are   one side of the body part, a plurality of 20
mounted on a turntable member 31 which   detector devices, responsive to
said radia- is annular and rotates around the cylindrical  tion, arranged
on the opposite side of said all 29; the axis of rotation of the turntable
body part to said source and each disposed  60 being coincident with the
longitudinal axis  to receive radiation emergent from the body of the
cylindrical wall 29. The operation   along a respective path, through said
plane 25  of the apparatus is identical to that of Figure   of interest,
means for rotating the source and 1 but since the water enclosure does not
detector devices around the body part and rotate, the need for the rotating
water seal  about a common axis perpendicular to the  65 is avoided. Also,
it is possible to provide   plane of the swath at a steady speed and a
permanent connection between a water  through a common predetermined angle,
and 30  pump such as 24 (Figure 1) and a water   means for deriving from
each of said detector reservoir, avoiding the need for a valve such
devices during said rotation a plurality of as 25a and a removeable pipe
such as 25b   distinguishable  signals indicative of the 70 (Figure 1).
absorption suffered by said radiation on tra- Although  in the foregoing
description   versing a respective group of paths through 35  reference has
been made to the use of water  the body part. to surround the part of the
body being examined, it is stressed that the invention is         A. B.
LOGAN, not limited to the use of water. Other liquid       Chartered Patent
Agent. Printed for Her Majesty's Stationery Office, by Croydon Printing
Company Limited, Croydon, Surrey, 1976. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


