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the procedure Company of Blyth Road, Hayes, Middlesex, to be followed
although it does not describe do hereby declare the invention, for which  a
convenient arrangement for applying we pray that a patent may begranted to
us, them  Furthermore it does not clearly and the method by which it is to
be per- describe the production of data for inclined 50 formed, to be
particularly described in and  planes through the body although the possi-
by the following statement:-          bility of obtaining such data is
mentioned. The present invention relates to apparatus   It is an object of
the present invention to for processing data for representations of provide
an improved data organisation 10 body sections derived from, for example,
arrangement capable of convenient produc- 55 diagnostic X-ray apparatus for
subsequent tion of data for inclined body sections. display.
According to the invention there is pro- Apparatus has been  described, for
vided a display processing apparatus, for example in British Patent
Specification No. cooperating with X-ray apparatus providing 15  1283915,
using radiographic techniques to  data signals representing the
distribution of 60 produce representations of the absorption to attenuation
of X-radiation in each of a plur- penetrating radiation of one or more
cross- ality of substantially parallel spaced planar sections of  the body
of a patient. The sections of a body, the data signals for each absorption
is represented by absorption section forming a frame of one or more 20
coefficients of individual elements of a mat- fields of scanned lines; the
display proces- 65 rix of elements notionally delineated in each sing
apparatus including storage means for such cross section.
storing the data signals of each frame, means In British Patent Application
No. 30712/ for deriving from  the storage means data 74 (Serial No.
1505653) there is described signals forming a composite frame, of one or 25
apparatus for processing and displaying such more fields of the scanned
lines, which  70 data which can hold and display individually  approximates
to a representation of the dis- such representations for a plurality of
such tribution of the attenuation of the radiation cross sections,
typically eight. That appara-  in a further section intersecting at least
some tus is also capable of interpolating between of the first mentioned
sections, said compo- 30  corresponding matrix elements of adjacent site
frame being formed from lines or parts 75 cross-sections to provide data
representative of lines relating to parts of the body in the of further
cross-sections intermediate those intersected first mentioned sections and
actually examined.                      within a predetermined distance of
the plane United States Patent No. 3499146 dis- of the further section, and
switch control 35  closes a laminographic X-ray apparatus means, responsive
to one or both of line or 80 which provides X-ray data relating to frame
frequency sawtooth waveforms, pro- desired planes of a body. The method and
viding switching pulses each suitable for apparatus described therein are
significantly causing the means for deriving to derive different from those
of the said British data from successive frames of intersected 40  Patent.
There is however disclosed in the sections in sequence.              85
said United States Patent a method of pro-   In order that the invention
may be clearly cessing  data relating to a plurality of understood and
readily carried, into effect examined parallel planes to construct data
examples thereof will now be described with for other planes orthogonal to
those reference to the drawings filed with the pro- 45  examined. United
States  Patent No. visional specification of which:-      90    
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2 Figure -1 illustrates a sequence of oper-   or field frequency.
Alternatively it may be a ation of the invention;
suitable combination of these, or may be Figure 2 illustrates the manner of
organis-  independently derived. ing data, representing a plurality of
spaced  The pictures derived from  the X-ray 5 cross sections of a body, on
a video disc;  apparatus are, in one example, stored on  70 Figure 3 shows
in block diagrammatic  two circumferential tracks of a video disc form a
circuit for operating the video disc of   store. Typically the store has
thirty two Figure 2;                                 tracks, each with its
own recording and Figure 4 illustrates the disposition of  reproducing
head, in each of two zones 10 examined cross-sections in a body;
which have independent input/output chan- 75 Figure 5 is an example of a
circuit suitable   nels. The arrangement of the data on the for use with
the invention; and           disc is shown in Figure 2, on which for clar-
Figure 6 shows the nature of output pulses  ity only eight tracks are
shown, four for each provided by the circuit of Figure 5.     of two
recording head units 1 und 2. The 15   In a typical embodiment the X-ray
tracks relating to the heads of unit 1 are for  80 apparatus, with which
the present invention   two representations R1 and R3 and ghose is intended
to cooperate, provides a repre-  relating to unit 2 are for intervening
repre- sentation, for each derived cross-section of a   sentations R2 and
R4. In general data for patient's body, as a television type field of  R1,
R3, R5 and R7 are stored on one set of 20 320 active lines from which a 280
line field  tracks and for intervening slices R2, R4, R6  85 for television
display may be derived by any   and R8 on the other. The positions of
tracks suitable means. The respresentations are  relating to field F1 of
each picture are shown also repeated to derive a further field  from   by
chain dotted lines and those for the other each, with half line sync shift.
The two fields  field F2 by dashed lines. 25 are then combined, in normal
interlaced     The data are applied to their respective  90 manner, for
display.                     tracks, as will be explained hereinafter, and
It will be understood that the cross-  may be withdrawn as required via
either or sections for which the representations are  both of the
independent output channels of derived are normally parallel to each other.
head unit 1 or head unit 2. It will be 30 However it may be desired, for
diagnostic  appreciated that, since these head units cor-  95 purposes or
for radiotherapy following  respond  to  independent channels and
diagnosis, to display cross-sections which  because of the interlaced
nature of the track are not parallel to those derived. In the  allocations,
data  for  adjacent repre- arrangement of the present invention such
sentations may be withdrawn simultane- 35 cross-sections are synthesised
from  the  ously. This is convenient either to allow  100 already available
parallel cross-sections by  reach switching between adjacent repre- taking
appropriate strips, for example tele-  sentations or to allow interpolation
between vision lines, from each 'parallel' representa-  them to provide
further representations for tion.
cross-sections at intermediate positions in 40   Gating signals for
switching between adj-  the body. It will be understood that the track  105
acent representations are generated, in this  being read by either head
unit may be example, by sawtooth waveforms. Two  changed as desired.
waveforms are provided, of television line    A suitable circuit for use
with a disc store and frame frequencies, and the display is  of the type
described is shown in Figure 3. 45 switched from one 'parallel'
representation  The data for each representation is supplied  110 to
another as each sawtooth passes a pre-  by a processing computer 3, which
may be as determined threshold level.              described in the
aforesaid British Patent The situation is shown in Figure 1 for one
Specification No. 1283915 or alternatively such waveform of voltage
increasing with  as, described in British Patent Application 50 time from
left to right. A falling sawtooth  No. 19528/73 (Serial No. 1471531) under
115 may of course be used if desired. Initially the  the control of a
control unit 4 which deter- representation being displayed is that label-
mines the required action in known manner led R1 but at the point labelled
S1 a switch  according to input instructions from  an is made to
representation R2 as the present  operator at a control panel 12. The data
55 threshold is crossed. Other further switches  appear at the processing
computer at a rate  120 are made, as shown until finally, after the
incompatible with the television rate and are switch labelled S7,
representation R8 is  to be applied to the disc store in units of one being
displayed. If the television fields for  line of the picture. The control
unit 4 applies 



each representation are being run through  the data via a gate 5 to a shift
register 6. It 60 simultaneously the switching will represent a  will be
understood that the parameters of  125 change from one to another at
correspond-  the operation are known in advance by the ing points in the
fields. Suitable choice of the  unit 4 which merely requires information
sawtooth waveform decides the actual posi-  from processing computer 3 to
indicate the tions on the fields of the changeover points. completion of
each line and field of the 65 As mentioned the waveform may be at line
representation. Unit 4 can therefore be pro-  130    grammed in any
suitable manner to initiate monitor is situated  together with  the the
required action in response to predeter- operator's control panel 12.
Circuit 10 is mined input signals from an operator or the arranged to pass
a single picture on either of other circuit elements.
its inputs from head units 1 and 2 or to com- 5     As mentioned
hereinbefore, the data are bine two outputs provided by those units  70
applied in units of one line. The data are simultaneously to provide data
for interpo- initially stored in shift register 6 until the lated
representations as desired. disc store, indicated by the broken outline at
The arrangement described in relation to 7, indicates by a suitable control
pulse that Figures 2 and 3 is substantially the same as 10   the start
location of the first stored line, ini- that disclosed and claimed in
British Patent  75 tially the start of the respective field is avail-
application  No. 30712/74  (Serial No. able. All complete lines in register
6 are 1505653). That application also describes a then recorded via gates 8
and 9. Up to eight suitable circuit for the gate circuit, shown at complete
lines can, in this example, by pro- 10 in Figure 3, to allow the provision
of 15   vided by the processing in one revolution of representations at
positions intermediate to  80 the disc and this is, therefore, the maximum
the measured cross-sections. It should be storage required by the shift
register 6. Any understood in relation to the present inven- partial lines
stored in shift register 6 when tion that the 'parallel' representations,
from that revolution is completed are discarded which diagonal
representations are to be 20   and resupplied later by computer 3 for
derived, may in practice include such inter-  85 reasons which will become
clear. The data polated representations. from the shift register 6 are
applied to the   The present invention is intended to pro- input/output
channel of heal unit 1 or 2 by vide data for representations which may be
gate 9, in response to control pulses from  termed 'diagonal' since they
relate to cross 25   control unit 4, according to the particular sections
in the body which are not in planes  90 representation  being generated.
This is parallel to those actually examined by the according to the scheme
outlined in relation X-ray apparatus. To achieve this the deriva- to Figure
2. The disc store 7 is instructed to tion of data from disc store 7
commences apply the data to the track of field F1 for from  the track
holding the data for one 30   thav picture. At the same time gate 8, in
representation and switches in sequence,  95 response to control pulses
from control unit and in the course of one field, to tracks for 4,
recirculates these lines to register 6 via other representations. The
orientation of gate 5 from which they are again applied to the 'diagonal'
representation depends, of the disc store at the corresponding locations
course, on the rate and timing of that switch- 35   of field F2 of the same
picture. On the sec- ing. It will also be apparent that a better  100 ond
passage they are not recirculated by approximation of a true 'diagonal'
repre- gate 8 and the computer 3 is instructed to sentation is obtained if
interpolated repre- recommence supplying data at the start of sentations
are used. the next complete line. This data is in turn   For better
understanding of the invention 40   recorded when the location for the
start of the operation will be described first in terms  105 that line is
available and the cycle repeated of a diagonal slice which is merely
inclined until the two identical fields mf one entire from the vertical. It
is assumed that eight picture are recorded. It will be understood cross
sections were examined for a patient that, if desired, only one of these
fields need lying horizontally on his back. Each cross 45   be recorded,
and the other could be gener- section is then vertical and top to bottom
110 ated, with appropriate delays, immediately represents front to back of
the patient. The before display.                           sequence of
cross sections thus take posi- This sequence is repeated for the pictures
tions which are horizontally displaced. This of each of a series of
constructed repre- is illustrated in Figure 4 in which a body 13 



50   sentations of absorption until each is in is intersected by cross
sections for the repre-  115 store. It will be noted that the thirty two
sentations R1 to R8, shown as broken lines. tracks of the disc store of
this example can The desired diagonal cross-section is indi- hold sixteen
such pictures. This facility is cated by D1 in solid line and is also in a
used to store a second eight pictures of the plane perpendicular to the
paper. 55   same representations. These are, however,   It will be apparent
that, if the display of 120 modified by the computer 3 according to  the
cross-sections is such that the front of various parameters, such as for
example the  the patient is at the top of the picture, the application of a
'window' of maximum and  'diagonal' representation D1 can be pro- minimum
levels, in response to operator vided by the topmost lines of R1 and 60
controls 12 after viewing the original pic- progressively lower lines from
R2, R3  125 tures.                                    ...R8. For this
purpose head unit 1 reads For display a picture may be provided by  from
track 1 of the disc, i.e. field f1 of repre- the disc store and  applied
via gate circuit 10  sentation R1, for one eighth of the total field to a
standard television display 11. Display  time, head 2 from field F1 of R2
for the 65   11, which may be a conventional video  second eighth, and head
1 from field F1 of  130    4                                1,540,099
4 R3 for the third eighth. This continuses until tilted from front-to-back
and from left to a first field has been built up from F1 for all right both
frame  and  line  sawtooth representations and then continues with F2
waveforms are required with two pulse cir- fields for all representations
in the same cuits such as that of Figure 5. The output 5  manner before
being repeated.           pulses of these two circuits are then com-  70
The switching from one track to another is bined in an analogue AND gate to
change in this example in response to a respective tracks along each line
as in the side-to-side one of a sequence of eight pulses provided case but
providing also a relative displace- by a series of Schmidt triggers from a
frame ment of the tracks chosen as the position in 10 frequency sawtooth
waveform.             the frame changes.                       75 A
suitable arrangement is shown in Figure   In a practical arrangement in
which circuit 5. The frame sawtooth is supplied to a plur- timing is
provided by, for example, a 4MHz ality of Schmidt triggers 14, one for each
clock, the track selection pulses may be pro- level at which a change of
track is required. vided by suitable digital processing of the 15  Each
Schmidt trigger 14 cooperates with a clock pulses.
80 respective potentiometer 15 from which the   WHAT WE CLAIM IS:- desired
level is set. The outputs of the   1. A display processing apparatus, for
Schmidt triggers are provided in pairs to cooperating with X-ray apparatus
providing bistable circuits 16 such that each trigger data signals
representing the distribution of 20  circuit 14 provides a pulse when its
level is attenuation of X-radiation in each of a plur-  85 exceeded and
simultaneously terminates the ality of substantially parallel spaced planar
pulse of the preceding trigger circuit. The sections of a body, the data
signals for each sequence of pulses provided by this circuit is section
forming a frame f one or more fields shown in Figure 6. The pulses are
supplied of scanned lines; the display processing 25  to control unit 4
which causes head units 1 apparatus including storage means for stor-  90
or 2 and gate circuit 10 to supply the appro- ing the data signals of each
frame, means for priate data.                            deriving from the
storage means data signals If the 'diagonal' is required to be obtained
forming a composite frame, of one or more from less than the full eight
representations fields of scanned lines, which approximates 30 the
amplitude of the frame frequency saw- to a representation of the
distribution of the   95 tooth can be altered accordingly or alerna-
attenuation of the radiation in a further sec- tively the level control
potentiometers can tion intersecting at least some of the first be
adjusted. The sawtooth may also be D.C. mentioned sections, said composite
frame shifted to alter the relative position of the being formed from lines
or parts of lines :35 'diagonal'  representation.  As  noted relating to
parts of the body in the interse-   100 hereinbefore, the sawtooth waveform
may cted first mentioned sections and within a be of opposite polarity in
which case the predetermined distance of the plane of the 'diagonal'
representation would be oppo- further section, and switch control means,
sitely disposed.                        responsive to one or both of line
or frame 



40   For very shallow diagonals, close to the frequency sawtooth waveforms,
providing   105 horizontal, the number of lines in the frame switching
pulses each suitable for causing may be much reduced compared with the the
means for deriving to derive data from vertical picture. In the extreme of
a horizon- successive frames of intersected sections in tal slice there
are, in the absence of interpo- sequence. 45 lation, only eight independent
lines in such a   2. A   display  processing  apparatus   110 frame. Even
using a typical degree of inter- according to claim 1 in which the switch
con- polation fifteen lines is a probable figure. trol means is responsive
to a frame fre- However even such restricted frames at a quency sawtooth
waveform  to cause the desired inclination offer useful information means
for deriving to derive one or more 50 for diagnostic purposes.
lines of successive frames of intersected sec-   115 It will be understood
that, if interpolated tions in sequence. representations are used, more
than eight   3. A   display  processing  apparatus levels may be required.
according to claim 1 in which the switch con- For other dispositions of the
'diagonal' trol means is responsive to a line frequency 55 representation
a  similar  technique  is sawtooth waveform to cause the means for   120
applied. For example, if the 'diagonal' is to deriving to assemble each
line of the compo- be level from front-to-back of the patient site frame
from parts of the corresponding but tilted from right to.left, a line
frequency lines of successive frames of intersected sec- sawtooth waveform
is substituted. In this tions. 60 case the output pulses are used to switch
the   4. A   display  processing  apparatus   125 heads 1 and 2 through
each track of the according to any preceding claim in which relevant field
in succession in the course of the switch control means includes at least
each line. Other considerations are as one sequence of threshold means each
of described hereinbefore.                 which is arranged to  provide an
output 65   For slanting 'diagonal' representations, signal when a
respective level of one of said   130    1,540,099
4 R3 for the third eighth. This continuses until tilted from front-to-back
and from left to a first field has been built up from F1 for all right both
frame  and line sawtooth representations and then continues with F2
waveforms are required with two pulse cir- fields for all representations
in the same cuits such as that of Figure 5. The output 5  manner before
being repeated.              pulses of these two circuits are then com-
70 The switching from one track to another is bined in an analogue AND gate
to change in this example in response to a respective tracks along each
line as in the side-to-side one of a sequence of eight pulses provided case
but providing also a relative displace- by a series of Schmidt triggers
from a frame ment of the tracks chosen as the position in 10  frequency
sawtooth waveform                    the frame changes. A suitable
arrangement is shown in Figure   In a practical arrangement in which
circuit 5. The frame sawtooth is supplied to a plur- timing is provided by,
for example, a 4MHz ality of Schmidt triggers 14, one for each clock, the
track selection pulses may be pro- level at which a change of track is
required. vided by suitable digital processing of the   80 15  Each Schmidt
trigger 14 cooperates with a clock pulses. respective potentiometer 15 from
which the    WHAT WE CLAIM IS:- desired level is set. The outputs of the
1. A display processing apparatus, for Schmidt triggers are provided in
pairs to cooperating with X-ray apparatus providing bistable circuits 16
such that each trigger data signals representing, the distribution of 20
circuit 14 provides a pulse when its level is attenuation of X-radiation in
each of a plur-   85 exceeded and simultaneously terminates the ality of
substantially parallel spaced planar pulse of the preceding trigger
circuit. The sections of a body, the data signals for each sequence of
pulses provided by this circuit is section forming a frame f one or more
fields shown in Figure 6. The pulses are supplied of scanned lines; the
display processing 25  to control unit 4 which causes head units 1
apparatus including storage means for stor-   90 or 2 and gate circuit 10
to supply the appro- ing the data signals of each frame, means for priate
data.                              deriving from the storage  means data
signals If the 'diagonal' is required to be obtained forming a composite
frame, of one or more from less than the full eight representations fields
of scanned lines, which approximates 



30  the amplitude of the frame frequency saw- to a representation of the
distribution of the   95 tooth can be altered accordingly or alerna-
attenuation of the radiation in a further sec- tively the level control
potentiometers can tion intersecting at least some of the first be
adjusted. The sawtooth may also be D.C. mentioned sections, said composite
frame shifted to alter the relative position of the being formed from lines
or parts of lines 35 'diagonal'  representation.   As   noted relating to
parts of the body in the interse-   100 hereinbefore, the sawtooth waveform
may cted first mentioned sections and within a be of opposite polarity in
which case the predetermined distance of the plane of the 'diagonal'
representation would be oppo- further section, and switch control means,
sitely disposed.                          responsive to one or both of line
or frame 40    For very shallow diagonals, close to the frequency sawtooth
waveforms, providing   105 horizontal, the number of lines in the frame
switching pulses each suitable for causing may be much reduced compared
with the the means for deriving to derive data from vertical picture. In
the extreme of a horizon- successive frames of intersected sections in tal
slice there are, in the absence of interpo- sequence. 45 lation, only eight
independent lines in such a   2. A   display  processing  apparatus   110
frame. Even using a typical degree of inter- according to claim 1 in which
the switch con- polation fifteen lines is a probable figure. trol means is
responsive to a frame fre- However even such restricted frames at a quency
sawtooth waveform  to cause the desired inclination offer useful
information  means for deriving to derive one or more 50   for diagnostic
purposes.                   lines of successive frames of intersected sec-
115 It will be understood that, if interpolated  tions in sequence.
representations are used, more than eight   3. A   display  processing
apparatus levels may be required.                   according to claim 1 in
which the switch con- For other dispositions of the 'diagonal' trol means
is responsive to a line frequency 55 representation  a  similar  technique
is sawtooth waveform to cause the means for   120 applied. For example, if
the 'diagonal' is to deriving to assemble each line of the compo- be level
from front-to-back of the patient site frame from parts of the
corresponding but tilted from right to left, a line frequency lines of
successive frames of intersected sec- sawtooth waveform is substituted. In
this tions. 60 case the output pulses are used to switch the   4. A
display  processing  apparatus   125 heads 1 and 2 through each track of
the  according to any preceding claim in which relevant field in succession
in the course of the switch control means includes at least each line.
Other considerations are as one sequence of threshold means each of
described hereinbefore.                   which is arranged to provide an
output 65   For slanting 'diagonal' representations. signal when a
respective level of one of said   130    5
1,540,099                                           5 sawtooth waveforms is
exceeded.              according to either of claims 4 or 5 in which  10 5.
A   display  processing   apparatus  the threshold means are Schmidt
triggers. according to claim 4 including bistable cir-    7. A display
processing apparatus sub- cuits arranged  to  cooperate  with  said
stantially as herein described with reference 5   threshold means to cause
the output signal  to the drawings filed with the provisional from one
threshold means to cancel the out-  specification.
15 put signal of an adjacent threshold means                  R. G. MARSH
having a lower threshold level.                        Chartered Patent
Agent 6. A   display  processing   apparatus              Agent for the
Applicants Printed for Her Majesty's Stationery Office, by Croydon
PrintingCompany Limited, Croydon, Surrey, 1978. Published by The Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from which copies may
be obtained.    


