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ORGANISATION OF DATA FOR DISPLAY 

(71) We, EMI LIMITED, a British 
company of Blyth Road, Hayes, Middlesex, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 

5 the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates to apparatus 
for displaying a representation of data repre-

10 sentative of a quantity measured for a body 
under examination. The invention may be 
used, for example, with diagnostic X-ray 
apparatus of the type known as Computerised 
Axial Tomography (CAT) scanners. 

15 Apparatus of that type, examples of which 
are described in British Patent Specification 
No. 1,283,915, uses radiographic techniques 
to produce representations of the absorption 
of penetrating radiation in one or more cross-

20 sections of the body of a patient The absorp-
tion is represented by absorption coefficients 
of individual elements of a matrix of elements 
nationally delineated in each such cross-
section. 

25 In British Patent Application No. 30712/74 
(Serial No. 1,505,653) there is described 
apparatus, for displaying such data, which can 
hold and display individually such representa-
tions for a plurality of such cross-sections, 

30 typically eight That apparatus is also capable 
of interpolating between corresponding matrix 
elements of adjacent cross-sections to provide 
data representative of further cross-sections 
intermediate to those actually examined. 

35 A further development of that display 
apparatus, described in British Patent applica-
tion No. 2264/76 (Serial No. 1,540,099), uses 
such interpolation to provide data representa-
tive of cross-sections, not actually examined, 

40 which are inclined to the examined cross-
sections. Both of these arrangements include 
a store such as a disc store, holding the 
measured data and allowing the data to be 
derived for different cross-sections for com-

45 bination as required. 
In certain circumstances, however, it may 

be desired to display a "shadowgram" X-ray 
picture, Le. a conventional form of X-ray 

picture showing in shadow form all parts of 
the body absorbing X-rays in a chosen direc- 50 
tion of viewing. 

It is an object of this invention to provide 
an arrangement capable of deriving shadow-
gram pictures at a desired orientation in the 
body. 55 

According to the invention there is pro-
vided an apparatus for processing, for display, 
values of a quantity, for example X-ray absorp-
tion, measured in a region of the body of a 
patient, the apparatus including: storage 60 
means for receiving data signals representing 
the measured values for respective elemental 
areas of a plurality of cross-sectional slices of 
the body, each data signal being identified by 
the co-ordinates of the respective element in 65 
the body according to a first co-ordinate 
system; transformation means for transforming 
the co-ordinates for the data signals to the 
co-ordinates for the same elements according 
to a second co-ordinate system^ in two dimen- 70 
sions orthogonal to a selected direction in the 
body; and means for summing, for the plurality 
of slices, data signals which are identified by 
substantially the same co-ordinates in the 
second system, to provide a representation 75 
which is the sum of the individual slices 
viewed in the selected direction. 

In order that the invention may be clearly 
understood and readily carried into effect an 
example thereof will now be described with 80 
reference to the drawings filed with the pro-
visional specification of which, 

Figure 1 illustrates the nature of a required 
shadowgram in terms of CAT cross-sections 
for a body, 85 

Figure 2 shows in block diagrammatic form 
a circuit for implementing the invention, 

Figure 3 illustrates the relationship of dimen-
sions in the CAT cross-sections. 

Figures 4 and 5 illustrates the nature of the 90 
required co-ordinate transformation, and 

Figures 6 to 10 show in greater detail some 
blocks of the circuit of Figure 2. 

In principle a shadowgram is obtained by 
adding together the absorptions of all elements, 95 
for each of a number of lines passing in a 
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chosen direction through the measured slices. 
The situation is illustrated in simplified form, 
in Figure 1. Five slices, representing the 
absorption for corresponding cross-sections of 

5 the txxly of a patient, are shown. These may 
be derived by any suitable CAT technique 
such as that o£ the said British Patent No. 
1,283,915 or, for example, British Patent No. 
1,430,089. In this simplified example each dice 

10 is considered to be a matrix rf 7 x 7 elements 
which elements E l to E7 extend as shown, 

and die other six elements orthogonal to each 
of E l to E7 extend perpendicular to the paper. 
I t should be understood that in practice slices 

15 have larger number of elements. If it is desired 
to obtain a shadowgram such as 1 looking in 
the direction shown at 2 then each element 
such as 3, of the shadowgram, can be evaluated 
by taking the sum of elements such as E l of 

20 slices SI to S5. The shadowgram will also 
extend by six further elements perpendicular 
to the paper. Thus if the absorption of a slice 

8 

element is AE then 

81 82 SS S4 86 
A3=AEI +AEI "I" Agi 4" AEI+AEI 

25 Similarly a shadowgram 4 looking in the 
direction 5 inclined at angle 6 to direction 2 
will have an absorption for an element 6 
given by 

SI 82 S3 S< 86 
A, — AE2+AE3 + Aeh+AES + ABO 

30 The total absorption for each shadowgram 
element may be divided by the total number 
of CAT elements used, to restrict the total 
dynamic range. 

If the chosen direction of viewing for the 
35 shadowgram is such that a typical viewing line 

does not pass through corresponding points of 
the elements in all the slices then the elements 
contributions have to be weighted in propor-
tion to their distances from the line for calcu-

40 lating the total absorption. This technique is 
well known and is used in the calculation of 
a CAT slice from edge readings for example 
as in British Patent No. 1,283,915. Such 
weighting will only be necessary when the 

45 spatial resolution at right angles to the-CAT 
slice planes becomes comparabfe to the resolu-
tion within the planes. In a typical embodi-
ment however it is acceptable to take, in every 
dice, the absorption for that element whose 

50 centre is nearest to the viewing line. 
I t may be noted that a shadowgram con-

structed as described hereinbefore appears to 
become increasingly transparent with increas-
ing number of slices. This is quite different to 

55 the effect of superimposing film transparencies 
where the picture continues to become denser 
as more slices are added. 

A practical implementation of such a dis-

play processes data from, say, eight tomo-
graphic slices. A typical slice consists of 60 
89,600 elements (320x 280), so that eight 
slices contain 716,800 elements. An eight-bit 
grey scale is associated with each element 
giving a total of 5.7 M bits of information 
to be handled. 65 

Data for the eight (or more) slices are pro-
vided by the X-ray apparatus and are stored 
in a video disc recorder such as that described 
in the aforementioned applications Nos. 
30712/74 (Serial No. 1,505,653) and 2264/76 70 
(Serial No. 1,540,099). A suitable system is 
shown in block diagrammatic form in Figure 2. 

A video disc recorder 7 provides data to 
two semiconductor stores 8 and 9 via an 
analogue to digital (A/D) converter 10 and 75 
an adder 11. Stores 8 and 9 are provided with 
recirculating paths via switches 12 and the 
outputs of one store or the other can be fed 
via a switch 13 through a digital to analogue 
(D/A) converter 14 to a display monitor 15. 80 
The arrangement is such that, when one store 
is providing data for display, the other is being 
upi-dated with new data from disc store 7. 
The data for one slice are read into store at 
appropriate locations. The data for further 85 
slices are then arranged to overlie previous 
data in a manner which gives the required 
shadowgram. 

Towards the edges of the shadowgram the 
sum will be far less then the full eight slices. 90 
The data may be normalised to the number 
(J elements summed to overcome this. Usually, 
however, this effect will only be for unimport-
ant data at the picture edge and can be 
ignored. A similar error is given by shadow- 95 
grams which do not pass through all eight 
slices and are sums of less than eight ele-
ments. This effects all shadowgram elements. 
Normalisation can also be used for this case. 
Normalisation can be achieved by a switched 100 
potential divider before converter 10. Alterna-
tively it may be effected in stores 8, 9. Pro-
vided stores 8, 9 have sufficient storage depth, 
windowing prior to display gives an effect that 
reduces the need for normalisation. 105 

For summing the slice data a memory con-
trol 16 causes the data to be read out from 
appropriate locations of store 8 or 9 to- be 
recirculated and added to the incoming data 
at 11. The required angle 6 is input by an HO 
operator at a control unit 17. This causes a 
transformation on addresses for the incoming 
data from an address selector 19 to provide 
unit 16 with proper addresses from which 
to read out existing data and replace the data 115 
summed at 11. 

Co-ordinate transformation has previously 
been described for computer displays for rota-
tion of three-dimensional display images and 
such techniques could be adapted to the 120 
present purpose. However, there will be des-
cribed in greater detail a co-ordinate trans-
formation particularly applicable to the cross-
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section to shadowgram progressing of this 
invention. 

The form of co-ordinate transformation 
required can be seen with respect to Figure 3 

5 for the five slices of Figure 1. Considering 
slice S3 it can be seen that this slice, and 
each element of it, is effectively shortened 
by a factor Cos 3 in projection on the plane 
of the required shadowgram. Other slices, in 

10 addition to shortening by the factor Cos <9 
also suffer shifts. For example all addresses 
for slice SI are shifted to the right by 2d 
sine 6. The required co-ordinate transforma-
tion must then achieve the same shortening 

15 and shift. The situation can be considered in 
more general terms as shown in Figure 4, 
where co-ordinates x', z ' of a point are found 
from known co-ordinates x„ z„ Co-ordinate 
Vi is perpendicular to the paper as in Figure 

20 l a n d 3. 

Assuming 6 to be positive as shown 

x ' = x t CosS+Zi Sin9 
z ' = z i CO90—%i Sin9 

and 
25 y ' = y i 

The process of updating is, on this basis, 
analysed into a sequence of distinct steps as 
follows: 

1) The address within a slice is generated 
30 (this is effectively xa of Figure 4). 

2) This address and the dice number (zx 
of Figure 4) in conjunction with 8 are 
used to compute the new address for 
the semiconductor store (x' of Figure 4) 

35 3) The information contained in the newly 
computed address is read out, added to 
the information from the slice and 
written back in. In the case of the first 
slice in an updating sequence, any exist-

40 ing information is discarded. 
4) When the last slice has been written in, 

the semiconductor store is switched to 
the display while the second store is 
switched to the input for updating. 

45 The description so far has been limited to 
altering the viewing angle by rotating the slice 
array about a vertical (y) axis through the 
centre of the array. Rotation about a horizontal 
(x) axis through the centre of the array and 

50 parallel to the cross-section planes is equally 
possible and gives the impression of "tumb-
ling". Rotation about a horizontal axis through 
the centre of the array perpendicular to the 
tomogram planes is possible but the same 

55 effect can be achieved by rotation of die dis-
play or even by head movement on the part 
of a viewer. 

Figure 5 shows in three dimensional view 
the co-ordinate transformation for rotation <j> 

60 about the x-axis from x, y, z, to x u y t i z t . 

Thus 
x t = x 

y i = y Cos k/j—z Sin <j> 
and 

z t = z Cos </>+y Sin 65 

Now assuming this x l s yl5 z u to be the 
pre-transformation co-ordinates of Figure 4 
the total axis rotation from x, y, z to x ' , y ' , z ' , 
can be given as 

x '=xCos<0+zSin '0Cos^4-ysin>0Sin <j> 7 q 

y'—y Cos <f>—z Sin $ 

and 

z ' = z C o s i 9 C o s ^ + y Cos 9 sin <£—x Sin 0 

In this transformation y' define the 
viewing plane for the desired shadowgram x ' 75 
being defined as the line scan direction for 
the display and y ' the field scan direction. The 
z ' axis defines the direction of viewing and 
therefore does not require transformation. 

Figure 6 to 10 show in more detail some 80 
of die circuit blocks of Figure 2. For the 
purposes of these a CAT slice consisting of a 
square array of 256x256 picture elements is 
assumed for eight such slices in all. These 
parameters may, of course, be changed if 85 
desired. 

Figure 6 illustrates the address generator 
19 which generates x, y, and z co-ordinates by 
counting, at 20, picture elements, (PEL's) as 
indicated by a clock generator 21, at 22, lines 90 
using the disc store synchronisation and, at 
23, slices using the disc store field synchronisa-
tion. Code converter 24 in the z co-ordinate 
generator changes the slice number into a 
distance in units of one PEL, assuming, in 95 
this example, a slice spacing of six PEL's. 
Thus eight slices occupy a distance equivalent 
to forty two PEL's so that z is a five bit 
number, plus sign. Subtracter 25 subtracts 
predetermined numbers to properly dimension 100 
the co-ordinates. 

Figure 7 shows in simplified form the gen-
eration of <9 (and <£)' in operator control unit 
17. Potentiometers 26 generate the variables 
operating, via A / D converters such as 27, look 105 
up takes 28 and 29 for cosine and sine respec-
tively. Alternatively the potentiometers them-
selves can be arranged to provide the desired 
functions. 

Figures 8 and 9 illustrate possible arrange- \ 10 
ments for co-ordinate transformation for x ' 
and y ' respectively using multipliers 30, adders 
31 and subtracters 32. The distinction between 
slow and fast units allows an efficient opera-
tion using low cost units where possible but H 5 
is not fundamental to the operation of the 
circuits. 

Figure 10 shows in more detail a possible 
organisation of semiconductor stores 8 and 9. 
TTie incoming data is for CAT cross-sections 120 
having co-ordinates in x and y. The data is 
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first transformed from x to x ' in line buffer 
stores 33 and 34 which are random, access 
stores each holding one line of the incoming 
data. The data can thus be applied to or with-

5 drawn from any location on the line according 
to the address supplied to the store simultane-
ously with the signal. The incoming data are 
of course in sequence of x as supplied by the 
video disc store 7. They are however read 

10 into x' locations as determined by the x ' 
addresses supplied by co-ordinate transforma-
tion unit 18, as discussed hereinbefore. Thus, 
in the figure, buffer store 33 receives the in-
coming data and x ' addresses. When this is 

15 done the data may be read out in response 
to the x addresses direct from the disc store 
7 (or the circuits controlling that store) and 
their sequence will be the co-ordinate trans-
formed one. Thus in Figure 10 buffer store 

20 34 is transmitting data to the next part of the 
circuit in response to the x addresses. 

The y to y ' transformation is carried out 
in main stores 35 and 36 which can be slow 
random access memories (RAMs) programmed 

25 to operate in sequential manner to accept each 
line from a buffer store in sequence (in 
response to the x addresses which, since that 
co-ordinate has been transformed, may be 
used from this point). In the practical arrange-

30 ment adder 11 is situated immediately before 
stores 35 and 36 to recirculate the already-
stored data, not prior to all storage as in the 
simplified Figure 2. The y-transformation is 
achieved in a manner similar to the x trans-

35 formation. Although the data are applied in 
sequence within each line, they are put to 
their appropriate y-locations not in the 
sequence in which they arrive but "randomly" 
i.e. as determined by the y ' addresses from 

40 transformation unit 18. Thus in Figure 10, 
main store receives a lines from the buffer 
stores and "randomly" stores them in response 
to y ' (and x) addresses. Once stored, and 
therefore transformed, the data can be read 

45 out to the CRT in display sequence as deter-
mined by the x and y addresses. Thus in 
Figure 10 main store 36 is supplying a set of 
totally transformed pictures summed to a 
shadowgram to the CRT in response to x and 

50 y addresses. 

In this practical embodiment the switching 
from one store to the other for output .or up-
dating, is at one eighth of the T.V. field rate 
although that rate can be varied. Furthermore 

55 a latch is provided to properly relate the y' 
addresses to the line sync of the display whidi 
must be maintained if the display is to be 
properly controlled. The line buffer stores are, 
of course, switched at the T.V. line rate. 

60 Windowing in real time of the shadowgraph 
display would be possible as described in die 
aforementioned British Patent No. 1,283,915 
since the signal is available in digital form. 
However windowing is restricted in practice 

65 because of the limited dynamic range of the 

disc recorder. By using two tracks on the disc 
for each slice, die full dynamic range can be 
stored. Two A / D converters are then necessary 
and the semi-conductor stores have to be 
bigger. Additional stations on the disc recorder 70 
may be used to supply data for display allow-
ing the elimination of one of the semi-con-
ductor stores, or to halving the updatine time. 

Although die invention is primarily intended 
for the processing of cross-sectional X-ray data 75 
from CAT apparatus to give X-ray shadow-
grams, it will be realised that it may have 
wider application. In general it may tie used 
to process any data derived as two dimen-
sional representations of a quantity in cross- 80 
sections of a patient, to provide shadowgram 
equivalent pictures of the distribution of the 
relevant quantity. That is to say pictures 
which represent the sum total of the quantity 
in the direction of viewing. 35 

WHAT WE CLAIM IS: — 
1. An apparatus for processing, for display, 

values of a quantity, for example X-ray 
absorption, measured in a region of the body 
of a patient, the apparatus including: storage 90 
means for receiving data signals representing 
the measured values for respective elemental 
areas of a plurality of cross-sectional slices of 
the body, each data signal being identified by 
the co-ordinates of the respective element in 95 
the body according to a first co-ordinate sys-
tem; transformation means for transforming 
the co-ordinates for the data signals to the 
co-ordinates for the same elements according 
to a second co-ordinate system, in two dimen- 100 
sions orthogonal to a selected direction in the 
body; and means for summing, for the plurality 
of slices, data signals which are identified by 
substantially the same co-ordinates in the 
second system, to provide a representation 105 
which is tihe sum of the individual slices viewed 
in the selected direction. 

2. An apparatus according to claim 1 includ-
ing second storage means in which the data 
signals are stored at locations corresponding 110 
to the second co-ordinates of the respective 
elements. 

3. An apparatus according to claim 2 in 
which the means for summing include means 
for withdrawing from the second storage means 115 
data signals already stored in a location corres-
ponding to the second co-ordinates of a new 
data signal, means for adding the signal with-
drawn to the new data signal and means for 
applying the resulting sum to the second stor- 120 
age means in the same location. 

4. An apparatus according to either of 
claims 2 or 3 including buffer storage means, 
means for applying the data signals to the 
buffer storage means in a sequence corres- 125 
ponding to the respective first co-ordinates, 
means for deriving die data signals therefrom 
in a sequence corresponding to one of the 
respective second co-ordinates and means for 
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applying the data to the second storage means 
at locations corresponding to both of the 
respective second co-ordinates. 

5. An apparatus according to any preceding 
5 claim adapted to receive the data signals for 

the respective slices in the form of television 
standard signals, including an address gener-
ator for generating addresses for the data 
signals, in the first co-ordinate system using 

10 the television synchronisation signals. 
6. An apparatus according to any preceding 

claim including means for normalising the 
summed data signals according to the number 
of individual data signals contributing thereto. 

15 7. An apparatus, for processing, for display, 
values of a quantity measured in the body of 
a patient, substantially as herein described 
with reference to the drawings filed with the 
provisional specification. 

20 8. A medical radiographic apparatus 
arranged to provide representations of absorp-
tion of X-radiation in cross-sectional slices of 
the body of a patient, including a processing 
apparatus according to any of the preceding 

25 claims. 
9. A method of processing, for display, data 

signals representing values of a quantity, for 
example X-ray absorption, in elements of each 
of a plurality of cross-sectional slices of the 

30 body of a patient, the method including sum-
ming data signals for all elements which lie 
along substantially the same line through the 
body in a selected direction to provide ele-

ments of a representation of the body, in 
terms of the measured quantity, which is a 35 
superimposition of the individual slices viewed 
in the selected direction. 

10. A method according to claim 9, in 
which the data signals are originally identified 
according to a three dimensional co-ordinate 40 
system in the body, including transforming 
the co-ordinates for the data signals to a two 
dimensional system orthogonal to the selected 
direction and summing all data signals which 
have the same co-ordinates. 45 

11. A method according to claim 10 includ-
ing normalising each summed data signal 
according to the number of data signals form-
ing the sum. 

12. A method according to any of claims 50 
9—11 in which the data signals summed are 
those for elements which lie within a pre-
determined distance of a line in the selected 
direction and their contributions to the sum 
are weighted according to the distance of their 55 
centres from the line. 

13. A method of processing, for display, 
data signals representing values of a quantity 
in the body of a patient, substantially as herein 
described with reference to the drawings filed 60 
with the provisional specification, 

R. G. MARSH, 
Chartered Patent Agent, 

Agent for the Applicants. 
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