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According to a further aspect of the inven- company of Blyth Road, Hayes,
Middlesex.,  tion there is provided a method of displaying do hereby
declare the invention, for which  a representation of body sections
obtained,  50 we pray that a patent may be granted to  for example, from
diagnostic X-ray equip- 5   us, and the method by which it is to be  ment,
the method including the steps of performed, to be particularly described
in  storing data signals representing the absorp- and by the following
statement: -          tion  coefficients  of  elements  of  two- The
present invention relates to apparatus  dimensional  spaced  arrays  of
elements  55 for displaying a representation of body sec-  notionally
delineated in respective spaced 10  tions for use, for example, in
diagnostic  cross-sections of the body, weighting data for X-ray apparatus
and it relates especially to  corresponding elements of said first
mentioned the . display of representations interpolated  arrays according
to  predetermined  inter- between those derived directly from the said
polating functions to deriva data signals re-  60 apparatus.
presenting  coefficients  for  corresponding elements  of another  array
of elements 15     It  has been  disclosed, for example in  notionally
delineated in another cross-section British Patent Specification No.
1283915,  of said body and displaying a representation that it is possible
by radiographic techniques  either of said first mentioned body sections or
65 to produce representations which denote the  said other body sections.
absorption (or transmission) co-efficients of    In order that the
invention may be clearly 20   each of the elements of a two-dimensional
understood and readily carried into effect array of elements notionally
delineated in a  examples thereof will now be described with. cross-section
of a body. In the event that  reference to the accompanying drawings of  70
two or more such representations are available  which:- in respect of
spaced cross-sections of the    Figure 1 represents schematically two re-
25  body, it has now  been discovered that a  presentations relating to
spaced portions of further representation, indicative of a selected  the
body and, in broken outline, a representa- part of the body between said
cross-sections   tion of part of the body between the two   75 can be
produced.                          portions. According to a first aspect of
the inven-    Figure 2 illustrates the manner of organis- 30  tion there is
provided apparatus, for display-  ing' absorption data relating to several
such ing respective  representations  of body . portions on a video disc,.
sections for use, for example, in diagnostic    Figure 3 shows in block
diagrammatic  80 X-ray equipment, the apparatus including  form  a circuit
incorporating the invention storage means for storing data signals repre-
and, 35  senting the absorption coefficients of elements    Figure 4 shows
a weighting circuit suitable of two-dimensional spaced arrays of elements
for use with the circuitof Figure 3. notionally delineated in respective
spaced    Referring to Figure 1, the representation   85 cross-sections  of
the  body,  means  for  relating to the first of said portions is indi-
weighting data for corresponding elements of  cated by the reference
numeral 1. The various 40  said arrays according to predetermined inter-
elements are indicated by meshes, although polating functions to derive
data signals re-  for convenience the elements are shown on a presenting
coefficients  for  corresponding much  larger scale than  they assume  in
90 elements  of  another  array  of elements  practice. The representation
of the second notionally delineated in another cross-section  portion
of'the body is shown at 2. The two 45  of said body and means for
displaying a  representations will be considered  to be representation
either of said first mentioned adjacent although they are not necessarily
body sections or said other body section.  contiguous. Corresponding
elements in the   95   
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2 two representations 1 and 2 are shown at 3  sentation as a television
type field but with and 4 respectively, and the perpendicular  320  active
lines as opposed to the television distance measured between the two repre-
display used which has 280 active lines. For  60 sentations is x+y. If it
is desired to produce    the purpose of corresponding  with the latter 5  a
representation of that part of the  body    the first and last twenty lines
of the repre- which lies between the portions indicated by    sentation may
be discarded or the required representations 1 and 2 and located at a
280 lines may be derived from the available distance x  from represention 1
and y from     320 lines by any suitable means. The com- representation 2,
then the value of the absorp-     plete representation is also repeated to
give a 10   tion coefficients of each element of the new        television
picture, having two identical fields, representation can be interpolated in
the    which is completely compatible with the dis- following manner.
play. The element 5 in the new representation,        The pictures, each
being for one repre- which corresponds in position to the elements,
sentation, are stored on two circumferential 15  3 and 4 in representations
1 and 2, is      tracks, one for each field, of a video disc allocated a
coefficient by means of the        store. The store used in this example
has following formula:-                     sixteen tracks, each with its
own recording and reproducing head, in each of two zones   75 which have
independent input/output [err]                         channels. A suitable
store having such a specification is the PPL 104-1-2 video store
manufactured by Process Peripherals where [err] and [err] represent the
absorption  Ltd. The arrangement of the data on the 20   coefficients of
the mesh elements 3 and 4    disc is shown in Figure 2 on which for clarity
only eight tracks are shown, four for [err]
each of two recording head units 6 and 7. The tracks relating to the heads
of unit 6 are for two representations [err] and [err] and  85 those
relating to unit 7 are for intervening representations [err] and [err]. In
general data are weighting factors.                             for [err]
and [err] are stored on one The position of the interploated represen-  set
of tracks and for intervening slices [err], 25  tation between the
representations 1 and 2      [err] and [err] on the other. The positions
90 can be smoothly adjusted by varying the         of tracks relating to
field F1 of each picture ratio between x and y can also be continued
are shown by chain dotted lines and those through either of the
representations, provided    for the other field F2 by dashes lines. that a
representation is available on either   The data are applied to their
respective 30     side of the representation in question. The    tracks, as
will be explained hereinafter, and  95 position of the interpolated
representation can    may be withdrawn as required via either or be coupled
mechanically to a position control   both of the independent output
channels of knob so that it can be made to apparently       head unit 6 and
head unit 7. It will be change its position in the direction at right
appreciated that, since these head units do angles to the representations.
correspond to independent channels and In a practical embodiment of the
inven-     because of the interlaced nature of the track tion the apparatus
is arranged to provide a     allocations, data for adjacent slices may be
single new representation substantially at the    withdrawn simultaneously
for interpolation as mid position between each pair of the
described hereinbefore. It will be understood 40   original
representations. In the notation given  also that after each revolution of
the disc    105 hereinbefore, that means that x=y so that        the
picture being derived may be repeated the new representation is given by
elements   or changed as desired. which have absorption coefficients such
as      The circuit is shown in block diagrammatic [err]. It will be
understood, how-            form in Figure 3. The data for each repre- 45
ever, that other such relationships may be   sentation is supplied by a
processing com-  110 used to apportion the absorption data.
puter 8, which may be as described in the In this example the X-ray
apparatus         aforesaid Patent Application, under the obtains data for
up to eight different planar    control of a control computer 9 which
deter- slices through the body thus providing after     mines the required
action is known manner suitable processing by methods such as that
according to input instructions from an   115 



disclosed in co-pending Application No.          operater at control panel
20. The data appear 19528/73 etc., (Serial No. 1471531) eight    at the
processing computer at a rate incom- representations, R1 to R8, for
display. An    patible with the television rate and are to be interpolated
representation is provided       applied to the disc store in units of one
line between each of these derived representa-     of the picture. The
control computer 9 applies   120 tions.
the data via a gate 10 to a shift register 11. The X-ray apparatus provides
each repre-   It will be understood that the parameters    3
1,505,653                                         3 of the operation are
known in advance by the   operators control panel 20. Circuit 15 is  65
computer 9 which merely requires information   arranged to pass a single
picture on either from processing computer 8 to indicate the   of its
inputs from head units 6 and 7 or to completion of each line and field of
the   combine two outputs provided by those units 5   representation.
simultaneously according to the relationship As mentioned hereinbefore, the
data are  given hereinbefore. By this means any of 70 applied in units of
one line. The data are  the derived representations or interpolated
initially stored in shift register 11 until the   values between  them  may
be  displayed. disc store, indicated by the broken outline at
Alternatively, by changing tracks on the video 10   12, indicates that the
start location of the   disc at an appropriate rate, the circuit can
respective field is available. All complete  display adjacent slices in the
sequence of 75 lines in register 11 are then recorded via  their positions
in the body e.g. gates 13 and 14. Up to eight complete lines can, in this
example, be provided by the                [err] 15   processing in one
revolution of the disc and               - this  is  therefore  the
maximum   storage                  2           2 required of the shift
register 11. Any partial lines stored in shift register 11 at that time
etc. are  discarded  and  re-supplied  later  by   In  this manner an
effective  movement 20  computer 8 for reasons which will become   through
the body, can be provided at the dis-  80 clear. The data from  shift
register 11 are   play, emphasising features which are con- applied to the
input/output channel of head  tinuous through all the examined slices. unit
6 or 7 by gate 14, in response to         Circuit 15 may if desired take
the form commands from control 9, according to the   shown in Figure 4. In
that circuit the picture 25  particular  representation  being  generated.
data  derived  from  the  disc  store  are   85 This is according to the
scheme outlined in   multiplied in multipliers 16 and 17 by the relation to
Figure 2. The disc store 12 is  factors x/(x+y) and y/(x+y) respectively in
instructed to apply the data to the track of  response to operator
instructions via control field F1 for that picture. At the same time
computer 9. They are then added in a summer 30  gate 13, in response to
control 9, recirculates   18 before being displayed. It will be under-  90
these lines to register 11 via gate 10 from   stood that the factors
x/(x+y) and y/(x+y) which they are again applied to the disc   may be
generated as required or a suitable store at the corresponding locations of
field  number for expected requirements may be F2 of the same picture. On
the second   retained, for example in read-only-memory 35  occasion they
are not recirculated by gate 13  (ROM) 19, for withdrawal as requested by
95 and the computer 8 is instructed to recom-  computer 9. The two factors
are, of course, mence supplying data at the start of the   complementary.
In the extreme the factors next complete line. This data is in turn   may
have the value [err] or 1 and 0; as in the recorded when the location for
the start of  circuit of the practical embodiment described 40  that line
is available and the cycle repeated   hereinbefore.
100 until the two identical fields of the entire picture are recorded. It
will be understood    WHAT WE CLAIM  IS: - that, if desired, only one of
these identical  1. Apparatus, for displaying respective re- fields need be
recorded and the other could  presentations of body sections for use, for
45  be  generated,  with  appropriate  delays,  example, in diagnostic
X-ray equipment, the immediately before display.                  apparatus
including storage means for storing  105 This sequence is repeated for the
pictures  data signals representing the absorption co- efficients of
elements of two-dimensional of each of the constructed representations 



until each is in store. It will be noted that  spaced   arrays  of
elements  notionally 50   the thirty two tracks of the disc store can
delineated in respective spaced cross-sections of the body, means for
weighting data for  110 hold sixteen such pictures. This facility is
corresponding  elements  of  said arrays accord- used to store a second
eight pictures of the same  representations. These  are  however  ing to
predetermined interpolating functions modified by the computer 8 according
to  to derive data signals representing coefficients 55  various
parameters, such as for example the   for cprresponding elements of another
array of elements notionally delineated in another  115 application of a
"window" of maximum and  cross-section of said body and means for dis-
minimum  levels, in  response  to  operate  playing a representation either
of said first controls  after  viewing  of  the  original  mentioned body
sections or said other body pictures.
section. 60     For display a picture may be provided by    2. An apparatus
according to Claim  1  120 the disc store and applied to a television
wherein said storage means is divided into standard display 21 via a gate
circuit 15.  zones each having an independent input/ Display 21, which may
be a conventional  output channel and  including  means for video monitor
is situated together with the  applying the data signals for adjacent pairs
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3 of the operation are known in advance by the   operators control panel
20. Circuit 15 is  65 computer 9 which merely requires information
arranged to pass a single picture on either from  processing computer 8 to
indicate the   of its inputs from head units 6 and 7 or to completion of
each line and field of the   combine two outputs provided by those units 5
representation.                               simultaneously according to
the relationship As mentioned hereinbefore, the data are   given
hereinbefore. By this means any of   70 applied in units of one line. The
data are  the derived representations or interpolated initially stored in
shift register 11 until the values between  them  may  be  displayed. disc
store, indicated by the broken outline at  Alternatively, by changing
tracks on the video 10   12, indicates that the start location of the
disc at an appropriate rate, the circuit can respective field is available.
All complete   display adjacent slices in the sequence of   75 lines in
register 11 are then recorded via their positions in the body e.g. gates 13
and 14. Up to eight complete lines can, in this example, be provided by the
[err] 15   processing in one revolution of the disc and this  is  therefore
the  maximum storage                     2           2 required of the
shift register 11. Any partial lines stored in shift register 11 at that
time   etc. are  discarded  and  re-supplied  later  by   In  this  manner
an  effective movement 20   computer 8 for reasons which will become
through the body, can be provided at the dis-   80 clear. The data from
shift register 11 are   play, emphasising features which are con- applied
to the input/output channel of head   tinuous through all the examined
slices. unit 6 or 7 by gate 14, in response to          Circuit 15 may if
desired take the form commands from  control 9, according to the   shown in
Figure 4. In that circuit the picture 25  particular  representation  being
generated.  data  derived  from    the  disc  store  are   85 This is
according to the scheme outlined in   multiplied in multipliers 16 and 17
by the relation to Figure 2. The disc store 12 is  factors x/(x+y) and
y/(x+y) respectively in instructed to apply the data to the track of
response to operator instructions via control field F1 for that picture. At
the same time   computer 9. They are then added in a summer 30  gate 13, in
response to control 9, recirculates   18 before being displayed. It will be
under-   90 these lines to register 11 via gate 10 from    stood that the
factors x/(x+y) and y/(x+y) which they are again applied to the disc   may
be generated as required or a suitable store at the corresponding locations
of field   number for expected requirements may be F2 of the same picture.
On the second   retained, for example in read-only-memory 35  occasion they
are not recirculated by gate 13   (ROM) 19, for withdrawal as requested by
95 and the computer 8 is instructed to recom-   computer 9. The two factors
are, of course, mence supplying data at the start of the   complementary.
In the extreme the factors next complete line. This data is in turn   may
have the value [err] or 1 and 0; as in the 



recorded when the location for the start of  circuit of the practical
embodiment described 40  that line is available and the cycle repeated
hereinbefore.                                100 until the two identical
fields of the entire picture are recorded. It will be understood     WHAT
WE CLAIM  IS: - that, if desired, only one of these identical   1.
Apparatus, for displaying respective re- fields need be recorded and the
other could   presentations of body sections for use, for 45  be
generated,  with  appropriate  delays,  example, in diagnostic X-ray
equipment, the immediately before display.                   apparatus
including storage means for storing  105 data signals representing the
absorption co- This sequence is repeated for the pictures efficients of
elements of two-dimensional of each of the constructed representations
spaced arrays  of  elements    notionally until each is in store. It will
be noted that  delineated in respective spaced cross-sections 50  the
thirty two tracks of the disc store can    of the body, means for weighting
data for  110 hold sixteen such pictures. This facility is corresponding
elements of said arrays accord- used to store a second eight pictures of
the ing to predetermined interpolating functions same  representations.
These  are  however  to derive data signals representing coefficients
modified by the computer 8 according to for corresponding elements of
another array 55  various parameters, such as for example the  of elements
notionally delineated in another  115 application of a "window  of maximum
and  cross-section of said body and means for dis- minimum  levels, in
response  to  operate  playing a representation either of said first
controls  after  viewing  of  the  original  mentioned body sections or
said other body pictures.                                     section. 60
For display a picture may be provided by      2. An apparatus according to
Claim  1  120 the disc store and applied to a television   wherein said
storage means is divided into standard display 21 via a gate circuit 15.
zones each having an independent input/ Display 21, which may be a
conventional  output channel and  including  means for video monitor is
situated together with the applying the data signals for adjacent pairs
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4 of said first mentioned arrays in different  representing  the absorption
coefficients of ones of said zones.                 .    elements of
two-dimensional spaced arrays of 3. An apparatus according to either of the
elements notionally delineated in respective preceding claims wherein said
storage means  spaced cross-sections of the'body, weighting   25 5  is a
video disc store.                          data for corresponding elements
of said, first 4. An apparatus according to any of the   mentioned arrays
according to predetermined preceding claims wherein said other array is
interpolating functions to derive data signals situated substantially
midway between two of  representing  coefficients. for  corresponding said
first mentioned arrays.                  elements  of  another  array  of
elements  30 An apparatus according to any of the   notionally delineated
in another cross-section preceding claims arranged to  display  the said of
said body and displaying a representation representations in a sequence
related to their  either of said first mentioned body sections position in
the body.                         or said other body sections. 6. An
apparatus for displaying a repre-        8. A method of displaying a
representation   35 15   sentation of body sections substantially  as  of
body sections substantially as herein des- herein described with reference
to the accom-   cribed with reference to the accompanying panying drawings.
drawings. 7. A method, of displaying a representation of body sections
obtained, for example, from                  A. B. LOGAN, 20   diagnostic
X-ray  equipment,  the  method                Chartered Patent Agent.
including the steps of storing data signals Printed for Her Majesty s
Stationery Office, by the Courier Press, Leamington Spa, 1978 Published by
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    


