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path- V\’hose 50 ‘periphery 7 of the turntabile 1. The gear wheel 6a is journalled in a fixed main frame 50
-of the apparatus, not shown, and the turntable is further supported by two undnven
'gear wheels 6b and 6c also journalled in the main frame.
*The body -3 ‘remains-fixed while the turntable 1 rotates about it A two part ring
' member 8, and '8, is fitred around the region of the body 3 to:be examined and the :
55 ring is-secured to- a- patient supporting structure which comprises a two .part bed, one 55
part on-either side of the|turntable so as to hold the paticat securely in’ position such -
that the exploring radiatipn can traverse the region of interest. Only one part’ of the
supporting structure 9- is shown in-the drawing for the sake of clarity. Disposed around
' the’ patient ‘in ‘the region |of interest and' trapped: in position by :the ring 8;, 8, is a
60 _ ‘material 10, for exaniple Water in 4 bag, which abisorbs the radlauon to an extent similar 60
. "to body tissue. Thé mater ial 10 helps to exchide air from. thie reglon around the body
and also assists in the accommodation of patients of drifermg sxzes, since the apparatus
treats the entire content of the ring 8;, 8 as being abody. -
The tumtable 1 carties two -compensating members 11’ and 12’ fixed ‘thereto.
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-etc. ( Ser | aland reference 32 is the initial processor also described. Absorption data derived from
L N : the scanner 31 are transferred via thc initial processor 32 to a data store 33 for storage 50
o in the form of parallel sets.
o For the purpose of construction of the representatnon of linear absorpnon for the
o o region examined, the data signals are withdrawn, parallel set by parallel set, from store
C 33 and processed by a convolution processor 34. Forms which this processor may take
55. - are indicated and described in detail in the specifications of British Patents 1,471,531 55
: and 1,471,532 to achieve the result described hereinbefore. As each parallel set is :
- processed the so-transformed data signals are stored in a manner also described the
said specifications, in a storage means shown at 35 in Figure 3.
: _ Following the invention a dltferencmg circuit 36 withdraws the stored data held
60 in store 35 for each parallel set in turn, and forms first and higher order differences of 60
- the data ‘values. of the set, transferring them to a difference store 37. The details of
this differencing will :be more -fully explained subsequently. In ‘'a manper”also to be
explained more fully, the difference values stored in store 37 are withdrawn for each
parallel set in turn by an mtergrator cxrcult 38. 'I'lus circuit performs a funcuonal-,
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and 1,471,532 to achieve the result described herei nbefore.
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differ -aphd,' if}desired,] simlar}pefined di £ es of higher order
are 25| A= stpred, they arje forned|{in the dlfference store 37 in
‘| ocati pnkOdet ek faatdd by t he 1251 The chafac¥@ of| t he
ntegralikd intlerpol atf on perfqrmed by fhe intedragd5 cifcuit 38 fon such
di fferpncgs wj now di scusded for a pimpse axanple. [hqg@gupﬁose t he
transf orf'@d data of & paralleli'set as W thdrawg- f thge store 3 to
consi st | el yj of 30 five values [prr eﬁ?%g r espe %ively to the
nagnitu%% . D,0/1,0,0. Th e&BZ al yes relate
to equi Spaced v%luez the set r amet e Accofding to|the
expresblo s gilven herfei nbeforg¢ it wll seen trﬁﬁ? Sthe| first orlder
di fferfenkbs arje giver] b -2/25 _ 15/25
7 . 325 |
1-8 -2/25 .| 18/25
19 1/25 R
. 2h= o - '
: 2-0 fz=1 -2 -2/25 19/25
2 . -1/2s5
v 2.2 -2/e5 | 18/25
gi | ~3/e5 _
€ =2/25 . 15/25
Sh/e= R I s
2-5 -/ -5/25




35 [err]

35 [err] [err] and [err]=0 5 1, 515, 307
5 TA ORI-G-NA a » i a I NA—CERFENA _. S A DO CON ECO\]_
PARAMETER FUNCTI ON FI RST SECOND; SECOND TRUCTED STRUCTED ORDER
ORDER - BER . FIRST FUNCTI DI FFERENCE DI FFERENCE DI-FFERENCE ORDER
VALUES DI H NCE [err] [err] O  [err]=0 -0 00.1
0.2 - 0 0.3 0._ 4 ' ’
0 0.5, N 0. - L _ 0.0.6 .
1/ 25 6  00.7 i 1,515,307 R ' . 1625
0.8 | ' 1725 | ~ 1/25 0:9 o’
2/25 1.0 [err]=0 | 7{43“_1 fCONT“_!_#_’ée) _: 3/25 1.1
325 1.2 - [ser. . loereimar] oRn ORIGIRAL - |sugbivioep.| RECON: > ?%
2512535 |araherie(Funcrion| FiRST | secono” Seconn, - Ls RYCTED |S o |
15725°1.7  p ) . | oROER - | 0ROER  |orDERS! 23 Fix |Foncrion
-2/ 25, - 18/P5 1.9 \oirrERENCE | DIFFERENCE |DIFFERENCE | ORDER | VALUES 325
2h= 2.0  [erf]=1 . -2/45 " \onFrereMEFES 2.1
-1/25 2.2 - T _ =235 _ = —3—
3/ 25 2/ 25 15/R545h/ 2ﬂ: f.6_ Alk 1 Ak- .Ak/g* AP ¢/,5)15 307
6 e ' ' ' -'Ap ; .
2.6 | I N 7 2 10/25
27 | o R : ~4/25 R
28 » : - | 125 | é/25
2:9 | : : -3/25 | -
30 £<0 | | 1 4 125 | | s
24 - ; D 7 S
32 1 1 /25 | 1/25 |
33 | s =_ =lfes |
34 N o | 1/25 . | o
36 - ' ' : 0 :
37 _ o
3-8 . o _ 1] o
39 ‘ : - '
| 40 | £=0 0 0
and the second order diherences are given .by
_ aomt
. A22.='_'2
5 _ o and As?=1 : : S | 5
As mentioned 'herein_bkf.ore higher order diﬁ'erénc‘es may be similarly derived and
- interpolated values may be formed from many combinations of such differences other °
than first order differences only. In this example, however, formation of interpolated

. values from only the second -order differences will be described according to the pre- -~
10 ferred embodiment of the invention.. . B 10
~ The initial function is rebuilt from intermediate values of r from the second = -
order differences alone{ Therefore, in order to. provide the necessary interpolated values,
these differences are subdivided into z equal values, where = - :

i

n




7 48 E 1 (CONTI NUED) SET ORI G NAL ORI G NAL ORI G NAL SUBDI VI DED

RECON- RECON- PARAMETER FUNCTI ON  FI RST SECOND SECOND
STRUCTED STRUCTED ORDER ORDER ORBER—H-RST——FUNCTI-ON DI FFERENCE
DI FFERENCE DI FERENCE ORDER VALUES [err] 2.6 .
1/ 25 | . 10/ 25 2.7 -4/ 25 2.8 .
1/25"._ 6/25 2.9 ' ' :
-3/ 25 30 [err]=0 _ _ 1 1/ 25+~
3/25 3.2. " ' 1/ 25
1/ 25 3.8 -1/ 25 3. 4 1,515,307 7

’ 128 875 is the value of the spacing of thQ increased number of function values to e si. 0
3.6 number of such values. Since second order differences are uséd, each m?» 8

0 4h= 4. O difference is ﬂ.,&f obf th;&rreﬁpondmg orngmal difference if the recoftructed funcuon 0 and the

second orde‘r’t fop iead plennta ue of thirtyrpy fofriy d g
o AT AR

d rl andrabl SiDRhiaE B ks | meéeshmr atloh Q&TWAIRED % gHerstl nat i ons’ of
such di fferwaﬂabksr tb‘hhﬂgmﬁcdmamoffthdmanm:dlemuc&feimnmasemf&ry In this exanple,

a7 onoc S R R R B R SR Ly e 100

enbodi ment el by Q. whcre eich value of A,* is equal to-a value of A%,%
10 The i ni tltallouldu:nolnmqoé thae p undicates the pf* idiffeencronl itmtse fmi u:elsmdf T f r omt he

second_ or defelugaad doe R eIplEg ofre The yalug o ghde t
- necesdary |ngﬁb° the aé;&“ ’éna’r'f?mwélugéosggr'é‘ vf&ed | o n equal

val ues, where Iisagr values7of 4,2 a more closely spaced set of first order d:tferenceslA.,Q 15,307 -

7is the veﬁrwnsg'ﬁctqdmﬂspamogthgfdaDMWenmoeased nunber of function values to
t he signal nunmber of such. valu cg,second order differences are used,
each subdi vided difference.is: F"é‘r r|-> f the corresponding original

di ff erence THe doibs@udtie: onthisIsetCdf Q" fisudahitvied By & Surinidig addisar stagting frolnn a PO act i cal

exanpl e n rfﬁxﬂ\lggi:@ha of/ Al-iie whith isigerotay admovinopasiions| apmatytithetoof g/ OShe nunber of
A

alnterpolatéﬁl RN E! len 5 wll
R efixhaﬁ&;‘gﬁfﬁgrg(@ s ﬁéﬁgfm ﬁ%ﬁ?ggw thus as

“be given t
shownzgn Tglue atlthé valugfof t:hsotnbwd dﬂttfli,e,r eh@vﬂsbefmehab&se newdhh@uaorudted rel 2%ion to

sval f tiyectienoeomprises anyip mmfr sely spaged (yplugs ¢ hwll b
\éip:]g?ngd HERE et aml‘"fgWI"T‘g“E? éﬁ‘é;gﬁi‘?“ﬁ‘b?“d‘e?w BTE%% E%aced \émet ofe

second order dionbfing GBS 1 Wik Fldire 1 it canIRQEn [MKaOY val@Chf tﬁehﬁfcﬁbuh&l ng in this
exanpl3e fi vesh printdaetwesyahesdi and figmay@bw bamerredcamtely 2ained. Assuming 30
x to be 0.4, on the scale of r given, the respectxve value would be ¢(, a=3/5 for the ‘
0,0,1,0,0, funcnon of the table.
: The reconstruction can also be based on a series of running additions based on
: third or higher order differences. In general reconstruction from m’th order differences '
35 requires m such recurrent additions. However a single recurrent addition from first I
: order differences will give a discontinuous reconstructed function.
As mentioned herejnbefore, the integration may be based on such running addition
using combinations of such differences, including the first order differences. A further-
- example will be given to illustrate that alternative approach and furthermore, to more
40 properly indicate the nature of the process invoived, the relationships used will bs 40
explained in terms of finely divided steps approximating to continuous integration.
The function generated by the integration will be represented as before by ¢(r), and
the equal spacing betwen original function values f will be denoted by A.

In the range of r lying between
45'- - 1 q 3
) _--h_an -~h ’
- ) : 2 2 _ *

the function ¢(r), denoted in this r_aqgé by .p;-(r), is defined according to

o w ot
g =t / _alfdt + ;{r/ [ Jofatat
- Where « is the difference between a value of the set variable r and the least value of r

* in the range and ¢ and 1’ are sxmnlarly variables on the scale of r.

3 5 o :
50 In the range -2—'h to -S-h the definition is correspondingly ' 50



r associated with one of the original second order differences. The
subdi vi ded di fferences have been indicated by [err] where each val ue of

[ er r ] +s—egtat—te—a—valve—et—fer+}—t—shoul d be understood that p indicates
the [err] difference in the set froman initial value and does not directly
relate to.# Walue of r. The value.of [err] could be taken 15 * to be.the
zero val ud.&,) r=0, however it is nore conveni ent to-set [err] at the first
15 non- zer¥ -.Iue at r= 0.6 in this exanple. Using the values of [err] a -
nor e cIoser spaced set of first order differences. [err] are constructed by
the reverse o8 the relation given above 1i51%307[ err] 20 The construdtion
of this set ©F [err] s achreved by a rynning ad |t|on starting from 20-en -
initial value-of [err] whicch at E I} ion, nanely that of r=
0.5 in this exanple. Si mlarl §?%ﬂi@eﬁ/f\?fl€y£?§tc§}fferences are used to
construct a new nore closely. spacied sét of fuhbti on values [err](r) by a
simlar running addition froma zgro starting.25 . val ue at the valbre f_
r associ ated V\ntha{ltbrnr]he ringe witl fo b thedufinititmain likaehangewet ¥ ‘constructed 2
function conprises an incr eaged nGrrber of nore closely spaced val ues
correspondi ngly runni ng snoothly larmng the origj aI val ues, though not .

necessarily passing through t?ﬁg\ ?}' rnag,j’ gzjtidwth F| gure 1it can be
ccura

seen that a value of the functd¢ sh poi nt b between val ues
[err] and [err] may now be nore er obfar ned. Assuni ng 30 x to be
0.4, on the scal e 1ohoild §¢ dRerstodd 'jtm&mémmmb&ﬁmhlj datved @rachieve= 3/ 5
for the 0,0, 15 0, O,thef desiced jinserpaidtion. sigliler. expriessionscruayrbs tdeived jas &rﬁo ngo bé
based on a series ssfrera} H'I:g o | fOveRHen Ramely) 1) Achiers @ smggth n der

di fferences. In génefgpky E&ﬂ&'s‘i&rs fid Hif Ot anfi[sEOAT Torlidd diHeRbRdes GHilf aGd B8 GRtGes 35

requires msuch reived st if #6durictiris the 000 funaiioss angédein nieopevioasixamapleli t i on
fromfirst 3% order Itfplioveinghateas from| thetylewplas’ﬂmsswmtnuous reconstruct el

function. As nentioned hereinbefore, the i gration may be based on such
runni ng addition using conbinations of, fferences, including the
first order differences. A further -exanpl eZWihfI be given to illustrate that
al ternative approach and further fore, to re 40, properly indicate the
nature of the process involved, the r L( ' s:hr_ps used will be 40

explained in terms of finely d| v| ded stepszappr @Xi nat | ng to conti nuous

integration. The function generated by the i nt eqm:tr on will be represented

as before by [err](r), and the equal % ng 'bet W original function

values f will be denoted by h n the' ngQ on r, 13 ng between 1 3 45
| 45 '

-h and -h 2 2 the
function [err](r), m@eﬁmmn fgﬁer"ﬁ!\ﬂfgeﬂtﬁyd{‘err](r) i s defined according
to [err] Wiere uis the differe ice between a value of the set variable r
and the | eastgvalue of r in the | range ap ﬁ)md t' are simlarly vari ablues
on the scale of r. 3 . 5 50" An the range[err] h to[err] .

the definition is correspondi ngl.y "
8

1
, i ¢(—'h)=“‘"
: 2
$(2h) =—,
4
1
| (—h)=——
' 2

A 1

20 - " p(3) = Y 20

7.
$(—h) =0.
2




8 1, 515, 307
8

[err] [err] 5 7 and in the range [err]-h to [err]h the definition in
| i ke character is It should be understood—that—theseexpressi ons have been
arbitrarily derived to achieve 5 the desired interpolation ..

simlar expressions may be derived according to the 5 general
of the invention, nanmely to achieve a snooth interpolation by rg¢é
addition. In these expressions the first and second order differe
have the val ues given above if the function is the 0,0,1,0,0, function as

used 9n the previous exanple 18515307 Lt follous in that—dase fromthe
t hree expressj.ons. giyen that 10 [err] [err] [err] [err]
[err] and SUEASLB%?TF[QJI&/I’]:S, its -appriopri aye values of h and u 1 15 -
[err](-h) =0, . - .. =—had—h _ 15 2 [err](h) [err]
3 12 . 2[err](2h) =[&r] 5% 1 [err](-h) =[err] 20

[err]€3h) & alue of is zero. Figure 4 gives the plot of the function over the ttfd 7 [err] =0 9
1, 51-574307.‘,‘5,1[%5%%2&?” e oo har one Foesiom YeplLioait b ooy iG] agarct 0 4h the val ue
of [err] (rf)oplﬁtbl’e=$i!$iabmdmﬁﬁ@emfghwmm@mﬂfi?@fp%tI?EO‘%%F{GNP?{n ovér the total
range 0 t oW Oul puries p PRIY RS Al E a snmooth curve
S o G T R
does not prereedithidees gbr. Of @heChitiefihand theGechrique [ofi the rivemioe slloas pabie | yi ng bet ween

t hermi0 Thusrompiete raspopse mp ithgt Ligher ftreaaenmsqm@uefmash@fqmv@hm%'g@ &8ds t¥® snooth the
basi ¢ dat Fﬁcgﬁhﬂgﬁégﬁkﬁ peryed thag fhrc B0 PRppaPles &%), AU MG M e system to
statistical T dsbtis (ak Goted, kb TetiRarsksbpertthl o oot Shci@0 hdditlon,t €ChNI que
referred trmhalab@m dominuoubintdghadion)shithiat theuitkgtalian tieckrodyexemplé givdne | nventi on

all obs a ﬁ?@ﬂ% as mm:f%gmﬁ%vé i é@ﬁéﬁ%’e respopdingly ghp diferetighdienci Bs to true

i mage i nf JPHALT BREEH Frence Ao FASAS et hod. It will be observed

-t hat._-t he two exanpl es given for 4 he-gane

in which = is taken to be an integer as before. First order integrals such as

4
L dt
/#

o
©20 . thus become replaced by single summations of the character ' 20 -

U
A

>

[1]

and in the same kind of way the second order integral

u tA2 ' ,'
/./A—z-'-dtdt
o 0

becomes the double summation

u 2
: 4
> (= 4 B
: _ 0 0
taking n. At'=h. :
In general an integral of the kth order becomes replaced by a summation of the
same order in which the quantity summed is a kth order difference divided by n*.
The integrator circuit 38 has thus first of all to perform the appropriate division with .
30 respect to z as in the first example. The similarity between this approach and that of 30
the first example will be apparent but it must be stressed that they represent different
and alternative methods according to the invention.
The function derived above and plotted in Figure 4 and the function derived in
the first example are both examples of interpolated functions of an original 0,0,1,0,0
35 function, which may be called a ‘stab’ function. It will be apparent that any more 35
~complex function composed of discrete values may be considered as a sum of a number
“of stab functions of respective different amplitudes.. Correspondingly the interpolation
of a more complex function may be achieved by the combination of a plurality of :
functions such as Figure 4, each corresponding to one of those stab functions and with

40 an appropriate peak amplitude. 40



initial

function give simlar results.
integrator 38 operates on a basis of

as stated, the
rat her than

In practice,
recurrent addition,

conti I's in the second exanpl e given
15 are formed as runnlng sunnatlons in finite steps. Correspondi ngly
the differ ial dt 15 has-to be: replaced by the finite difference [err]
which is ¢ n so that n. [err] h in which n:is taken to be an integer as
before. Fi order integrals such as [err] 20 thus become replaced by

singl e sunitiiti ons of the character

the same ki nd ¥f way the second. otder .i nL883681 [err] becones the doubl o

20 [err] and in-

sumation [err] 25
25 taking n. [eérr] flknibf semadenid
repl aced by a summtfvré#@ﬁnlii
kt h order diff.eren

first of all to per )

as in the first exaapd ewongh emnzn?

erwnl the Jog ca‘gla

30 the first exanpl
represent dlffoerentfor
function derived

e

the first exanple amambmmh¢sxaﬂph
0, 0, 1, 0, 0 smopth form thet geleast ies
be apparent that, any nore
val ues may be considered as .a.surn

ori gi nal
It will

respective different - anplltudes

nmore conpl ex function may be achi

functions such as Figure 4, each|
functions and with 40
40 10

10 In practice, however any nore
by a running summation as descri
functions. As a further exanple
0,0,1,2,2, respectively will be
met hod of the second exanple 5
interpolation function [err](r)
Figure 5.1n the figure the plot

*!w&ﬁsﬁh@Wﬁﬁt bﬂ

p—

" In practice, however any more complex_function s interpolated directly by a
ritied hley QiDALIAS

068 25 ta RGmbidationodE b ol

'~"ax : m ex
iRl # 19 Showd forlil} uon asd &ﬁtﬁﬁ&i& tgm,
dnﬂmmmﬂmfdwmm oamhh@mdmmhatﬂsﬁ

Acpardigls
Uﬁ%b th Zﬁo‘? 0” 13- he
ih Qhd aaedeﬂ:bved In

ol
erssanily pass itigough Itlatrgdaxﬁmmwues fbst sfumena
e #¥®mnay be called a ' stab': function.
35 conpl ex function conposed of dlscrete
of a nunber.-of stab functions of
Cor r espondi ngl'y the interpolation of a
eved by the conbination of a plurality of
correspondlng to one .of those stab

oo

an approprlate peak anplitude.

1, 515, 307

fconplex function'is interpolated directly
bed above and not as a conbination of stab
a fun havi-ng values [err] and [err] of
nterpol ated irn n=10 steps per span by the

using the three expressions given. The
 hus obtained is 5 shown plotted in
s shown for illustration as a continuous

curve through the derived

cal cul ated val ues given in the last colum of the table.
val ue corresponding to a value of r

address is the value used in the

val ues but .as used the function has the

Accordi ngly the
nmost appropriate to a matrix store

for that address. It
10 the

i nterpol ation 10

will be seen that although passi
gi ven set val ues,
curve of the |nterpolat|on does
val ues, but assunes a

I
l
l
I
i
|
l
!
{
|

t hese val ues belng denoted by X's in the figure,

ng through the first and | ast of
t he

inot necessarily pass t'hrough the renaining

s



snooth formthat at least lies close to them 11
1,515, 307 11 TABLE 2 [err] [err] r
—Ferr] 0 - 0 0 0.1
0 00 0.2 0
0 0.3 - 00.4 0
0 0.5 0 0 : 0 0. 6-_'@“
0 . 005 0.005 0 7 0o
.005. 0.020 0.8 O, _ 0 . 005 0. 045
09 1 0 180307 - 0. 08010
005 \/ 0. 125 1. 1. 0 005
0.180 1 2 0 - . TABLE ébs . 0.245 1.3
0 —6p5 ——6-32—+4 0
005 b e s apladd 25342 | 1 030, 45|, 2% 005
0.500 1.6 k 1“kli0lTo lio |k |2 102]2 '502- P02 é(r) 0.6 1.7
0-1 ~ F| 9 67118 - 1
0 ' 0-81l9 o1 - 0
0.9 2 0. 1 o | 0. ]L ' 0 o |9 1.0
0.1 - 0 _ T 7.3 0.1
0o 3.2’1 2 2.33 0.1 g 0
1.3 2.4 03 o a l) 0. 0 1.4 2.5
1 oj]1 04 0 1.5 2.6l0 0.1
- .005 1]595 @57 0l0 0.1 , 0 -005
1.680 2.8 06 o2 1 005 -1 @8051 755 2.9
0.1 07 0 - 905 %0@3 3 ) 0-020°1 . 1
-1 98 Gops |1.815 3 19931 0. 1904
-.005 1.90 03 0 0 o1, 005| 0 -.005 1.955
3.3 D1 gos T 58%_3 4
0.1 17 0 . 006 * 0B5OP5 3.5 D0+180 0. 1
+-.005 2}000 H2 0 -005 b 0-245 .
1-3 0 005 0:320
14 0 - 005 0405
, 1-5 710 <005 0-500
1-6 01 0 06
1-7 o1 0 07
7-8 104 0 0-8
7-9 07| o 09
2 ! o1} 0 0 1-0
2+ ol o 1+
2:2 01 0 1-2
23 ol o 13
24 0-1 0 !1-4
25 1 01 0 s
26 o1 - | —-005|1-595
27 0-1 -.005) 1680
28 o+ =.005|1-755
.29 o1} - --005|1-820
3 2 0 -1 | --005| 1-875
3 0-1 ~~005| 1-920
. 32 01 ~-005| 1-955
o 33 0:1 -.005| 1-985
34 o1| -+005| 1-995
35 ol - lo1] --005| 2-000
¢ 3.7 0 2
: 3-8 o 2
- 39| o | 2
4 2 1o 2

In Table 2 the final cqiﬁnin, giving values of the interpolation function ¢(r), is

formed according to a technique which may be illustrated with reference to the range -

 r=05twr=15 corresponding to the range #=0 to #=1. For convenience :



7 0 2. 38

3.

0 2 3.9 0

5 4 . _ givi

interpolation function [err](r), is formed according to a techni que which

may be illustrated with reference to the range r=0.5 to r=1.5 correspondi ng
to the r -u= 0-to u =1. For conveni ence 12 :

1, 515, 307 _ ; 12 Jerr] i s denoted by

[err], an [err] with n having the value 10, so that in fact a has the

value 0.01. I is evident that [err] = 1}5e5307 5 - and t hat 12
correspondrngry i NP .

5 [err]=[err] It follows that the_Ligakﬂﬁﬁqganh{ference [err]= T[err] 10
and that the second order differenag.
10 [err] More particularly it follow?,qhag [ega] 15 Thi s o

recurrence fornmula together with the formul a
15 [err] is used to construct the.fi uﬁn of Table 2 on the basrshgf

runni ng summation. At the outset; that |s to say for u =0, it is grven
that [err] [err] !ﬁh n having the value iO so that in fact « has the value 0.01. It is evident that
20 [err] The final colum of Table 2 thg s%g%glds up in accordance wth the

details of Table 3. TABLE 3 [err] [err]
1,515,307 3 .- and that correspondingly | 131t is to be noted that % he-

val ue of [err] having been obtarned&by- “2; e wi t h respect to nin the
first place, as mentioned, the val ue [ePr] pearing in the top of the

third col um of Talﬁdlhwﬂhnamﬁbtaordueuiﬂ‘uedem nply by the shift of one digit .
place in the register, if ais in binaBy=deydtal form Thereafter the third

colum is byslt sghelyab °°9W%‘*3’? gUmetion, and a running summati Onfues

sufficies to construct t theAs5_jourth colum giving the va

of [err]. The step-by-step integration of the invention is thus
acconpl i shed in t @a‘f'%ﬁlaﬁtltrf‘ﬂl"‘r' h#tion to Table 2 by utilising two

accunul at ors. _ i Aﬁﬁz—(W+Da+ia
‘ : % Su+ AS 2
15 _This recurrence formujha together with the recurrence formula : : 15 .

Sut1=8u+ Asu

is used to construct the finnl column of Table 2 on the basis of nmnmg summation.
At the outset, that is tg say for u=0, it is given that

so'= 0,
1

20 AISO = _z-a’ : . . -. 20

A*S, =a.

The final column of _ Tabld 2 thus builds up in accordance with the details of Table 3.

- TABLE 3

u s, Asy | Sy

0o Loa | 0

et | dottot=3a | 0+2a=2a | .
2 2 2%=2¢« -

2 | « §d+o(=§o<- .’.a(+:.¥_?d=zo<

3 o __g-o(-r_-o(_:éza(_ 20(+i -59-

4o | Zwtot = 2 | 2t + Lot =8




The procedure given above using first and second order differences may be
adapted to avoid the one-digit shift at the commencenent of Table 2 so as
to form 10 t he val ue -
10 1 .2 The adapted procedure, which is set out in Table 4 works entirely

[ [ AN but

~very slightly fromthat calculated in accordance with Table 3. In
~-the.interpolation function, given in the colum 15 - headed S,
formul ated at m d-points of the subspans in a manner sinilar to the’ 15 :
first -d&anpl e above. The val ues d8515:807r] in Table 3 are replacel by val ues
decr'eased by tlhg:@wmhtﬂatihewﬂe@ﬁmvuam'aamhk@bm, $iibesged] € 4 under the
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integration form[err] 14 1

1,515,307 ) P 14 A greater neasure of
accuracy of interpolation. Wi t h i rrproved snoot hi ng of statistical

f1 uct uat i onEherrdgptideprocedures which isysetaun) r?!bb|4ng)rk§nnﬁrH21nmndeld§9f @escr i bed a

component PR B s Sl S e R o s
i dentijsal Sfegtan '@y h% %5mts 1 ¢he s§bs§drl§ et LG thes kth span,
for all k ffomse exﬁuptdﬂaboieh@hd: hlmdofcnsdein Table 3 are epidckdbyevabues desredafl | ned, the

sunmat i on citheeSpinds to the continuous integration expressed 5 by [err]
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necessari | yasp%‘%‘ L% eat
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so that they are repeated a nuntga X £t igres at Ieast qual to the nunber of

recurrent addjt ua,.. pr-ocegses—psed . :
S| A's . S
— " : ;
7 | 0t = _
| . _ _ .'a-f;o(=o(
2 At =2m | |
- T | K2 = Fot
3 | |2xFx=3« |
) « | T 3« A3k = b
: < [ Bt et =t |

The manner of mterpolanon used to illustrate the invention may be termed
25 quadranc, since the highest order, component of. variation present in.the interpolation 25
function in such illustration is that due to second order integration, namely that corres-
ponding to the contmuous mtegranon form




15 Thus if a function is to reliably start at and return to zero it
can, for an interpolation 15 using second order differe ces, be preceded
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- modifying the sa1d signgls in response to other sngnals relating to other paths of the
50 same set to form further signals suitable for combination to provide the said repre- 50
' sentation, means for forhnng difference signals representing differences of the further _
signals of the respective| set extending to order m, wheére m is at least two, means for
providing interpolated difference signals and combining the interpolated difference
“signals by a process of fecurrént addition to provide interpolated further signals of the -
55 same form as the further signals but corresponding to paths mterpolated between the 55 -
closer to each other than the paths of the respective set, storage means having a plurality
of locations associated with a plurality of predetermined points in a field notionally
delineated in the said fegion and means for allocating to each of said locations the
further signal or interpplated further signal associated with the path whose centreline.
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14 A grea measure of accuracy of interpolation with inproved snoot hing
of stati st | fluctuations nay be achi eved by superposing on the process
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sentation, means for forming difference signals representing differences of the further
signals of the respective set extending to order m, where m is at least two, means for
providing interpolated difference signals and combining the interpolated difference
signals by a process of recurrent addition to provide interpolated further signals of the -
55 same form as the further signals but corresponding to paths interpolated between the S5

closer to each other than the paths of the respective set, storage means having a plurality

of locations associated with a plurality of predetermined points in a field notionally

delineated in the said region and means for allocating to each of said locations the

further signal or interpolated further signal associated with the path whose centreline .
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acconpanyi ng draw ngs. 45 6. An apparatus for constructing a
representation of the distribution of absorption 45 in a substantially

} : ; idi data signals
representing the absorption of the radiation along a plurality of paths in
t he plane of t.he said region, the paths constituting a plurality of 'y of
spaced. paths, nmeans for nodifying the said signals in response to o{he
signals relating to other paths of the 50 same set to form further
signals suitable for conmbination to provide the said repre- 50
sentatiog, means for fornlng d|ffqggp§9 signal s.representing dif{serences of
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1, 515, 307 15 passes

“within a predet erm ned di stance of the poi nt associated with that |ocation.
7. An apparat us -for constructing a represéntation of the distribution of
absorption in a planar region of a body substantially as herein described
with reference to the acconpanyi ng drawi ngs. A B. LOGAN, Chartered Patent
Agent. Printed for Her Majesty's Stationery Ofice by the Courier Press,
Leam ngton Spa, 1978. Published by the Patent O fice, 25 Southanpton

Bui | di ngs, London, WC2A 1AY, from which copi es my be obt ai ned.
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