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tween each channel is geometrically increased. Thus for example using 26
channels with a [err] progression This invention concerns a digital
correlator or  between channels Information can be obtained from
structurator in which a mathematical operation is car-  the equivalent of a
delay interval of 8192 in a linear rined out between non-delayed and
delayed data. Such   c   correlator e.g. G.B. 1,290,336. The correlator of
G.B. a correlator may perform an auto or cross correlation  2,115,192 B
relies on correlating a signal, at geomet- function.
rically Increasing delays, to obtain the maximum infor- In a typical
digital correlator an input signal is  mation for a given number of
channels. However divided into successive sample intervals. Digital num-
Information is still available from the non-correlated bers representative
of the signal during each sample  10  delays. Such uncollected Information
becomes more interval are clocked serially through the correlator for
Important at low counting rates. G.B. 2,115,192 B also correlation. A
series of digital numbers Is docked   applies the principle of increasing
delays to a mesas- along an M-stage shift register to form a delayed sig-
urenent of the structure function. nal. Anon-delayed series of digital
numbers Is applied  Another correlator Is described in European to one
Input of M different multipliers. The other input  15   Patent 0,186,987 B
(formerly European application of these multipliers is taken from
successive stages of  Number 85 308,943); it extends the data collected the
shift register. Each multiplier thus operates on a  from a correlator or
structurator such as taught by different delay. The output of each
multiplier Is    G.B. 2,115,192 A, without the increases In equipment
accumulated In one of M different counters providing  channels thatwould be
involved if the linearcorrelator M different channels. At the end of an
experimental  20   of G.B. 1.290,336 were merely extended. In European run
the collective content of the counters represents  Patent 0,186,987 B
(formerly GB application No U.K. the correlation function of the Input
signal or signals.  84 31837) both the sample time interval and delay This
correlator may be termeed a linear correlator   time increase In successive
channels. because the delay between successive channels           A further
correlator is described in US patent Increases linearly.
25   4,404,645. This correlator comprises a plurality of The correlator may
perform an auto correlation   channel with a uniform sample time and a
uniform oracross corrrelation on data. Foran autocorrelation  delay time
between adjacent channels. An additional the input signal Is replicated
into two Identical signals;  and variable time delay is placed In the delay
signal on signal is delayed and multiplied by the other non-  path to
provide correlation coefficient values at larger delayed signal. For a
cross correlator a first signal Is  30   delay times. Additionally the
sample time for all chan- delayed and multiplied with second, but non
delayed,  nels may be changed. The effect of this is to allow signal.
sequentional processing of a large number of corre- Digital signal
processing enables highly accurate  lation coefficients by a much smaller
number of cor- mathematical operations to be carried out on signals.
relation channels. Due to recent advances in logic speed, complicated   35
According to this invention the performance of processing can be carried
out in real time. Also adv-  prior art correlators is improved by making
the sample ances in the statistical theories of some events have  time
interval and the delay value In each channel simplified the processing of
some functions. One     independent of one another and of those in other
example of this is in laserlightscattering experiments,  channels.
particularly in weak scattering events.        40       According to this
invention a digital processor Detailed investigation into the properties of
light  comprdies scattering led to the development of a single clipped
means for receiving a signal which varies In digital correlator described
In U.K. Patent Sped-   timeaforming aninput signal, fication No. 1,290,336.
This correlator allowed the       meansfor sampling the input signal and
provi- processing of signals representing the arrival of      dingaseries
ofdigitalnumbers input suessive ample single photons on a sensitive
detector. From this a  dime intervals (Tm); whole range of work has been
made possible, for           a plurality (M) of channels each having
example, laser light scattering where the light scat-           a delay for
delaying a series of digital tered by a suspension of particles in a liquid
can be  numbers by a delay value (a) to provide a delayed sig- processed to
give particle diffusion co-eff icents.  50   naid an In the above linear
digital correlator a correlation        arithmetic sectin for receiving at
one function Is accumulated from information obtained in  input a digital
signal and at another Input the delayed successive channels. Increasing the
number of        signaland sample channels allows further Information to be
anaccumulatorforreceivingtheoutput obtained but results in Increased
equipment costs.  55   of the arithmetic section One solution to the
problem of collecting Information     the channels collectively providing a
required from many sample Intervals is described in G.B.      mathematical
operation; 2,115,192 B. In this specification the time delay be- 2    
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Outputfrom each photomultipllers 2,3 is astream adjustable means (19) for
independently controlling  of pulses representing detection of photons in a
light the sample time interval (Tm) and delay value (cm)  flux. These
pulses have a random distribution of am- within and between each channel
(41.M) and,        plitude and charge. The function of each derandom-
reconfigurable digital signal processing means (19,   s   iser 2, 3 Is to
take the output of the photomultipiler, or 11, 12, 15, 16, 13) in each
channel (4m) for sampling  any other similar signal, and procedure a pulse
of the Input signal (SI, S2) to provide a sample time  uniform height and
with for each photon detected. interval (Tm) and a delay value (cm) that
are indepen-  Two such consecutive pulses will have a minimum dent of one
another and of other channels (41m), the  separation set by the dead times
of the derandomis- value of Tm and cm In each channel (4m) being   lo  era
2, 3. Additionally each pulse Is synchronised to a adjustable Independently
to suit experimental condi-  basic system dock 9. This allows the
subsequent pro- tions.                                             cessing
to be unambiguous. The result is a train of The arithmetic section may
include a multiplying  pulses of varying spacing In time as shown for
section so the processor becomes a correlator, or a  example In Figure
4(a). difference squarer when the processor becomes a   15   Outputs from
the derandomisers 2,3 are taken to structurator.
each channel 41 to 4m of the correlator. A readout cir- The plurality of
channels may be provided by a  cult 5 receives data from each channel and
feeds sig- plurality of channels operating simultaneously, or by  nals to a
controlling logic system, e.g. a digital multiplexing with at least one
channel operated suc-  computer 6, to a CRT display 7, and a recording unit
cessively at different values of sample time and delay   20  such as a disc
or tape store 8. The system clock 9 pro- values C(tau).
vides a fundamental frequency for all elements of the The values of delay
time cm and or sample time  correlator, typically the frequency Is about
100 MHz. interval Tm may be set in successive channels In any   As an
alternative to photomultiplier PM1, PM2, required manner, e.g. arithmetic
or geometric.     avalanche photo diodes APD may be used and oper- The
input signal may be a stream of pulses of  25  ated In the gelger mode.
varying time separation, e.g. from the output of a pho-  The correlator
layout of Figure 1 is common to ton detector. Alternatively it may be a
time varying  many correlators. The correlator of the present Inven-
amplitude analogue signal.                         tion is distinguished by
the construction, function and The number of channels In a correlator is
defined  interrelation of each channel as shown in Figure 2. as M where M
Is an Integer, the small letter m repre-  8o  Output from the first
derandomiser 2 is fed into a sents any one of the Integers 1 to M.
counter 11 which counts the number of pulses The arithmetic section may
comprise a multibit  received In each sample time. The count number is
multiplier which multiplies two multibit numbers   fed via a latch 12 Into
a delayed sample store 13. Simi- received in a sample time. Alternatively
it may corn-  larly the output of the second derandomiser 3 Is fed prise a
progressive adder which provides a multipll-  35  through a switch 14 Into
a counter 15. The switch 14 cation by a succession of additions withing a
sample  also has an Input from the first derandomiser 2 and time.
can be set to receive signals from the second deran- Each channel may have
a sample time dock giv-   domiser 3 when a cross correlation is required,
or set Ing two oupute of equal frequency but different phase;  to receive
signals from the first derandomiser 2 when the frequency and phase being
adjustable and Inde-  40  an auto correlation Is required. The counter 15
output pendent.                                           is fed through a
latch 16 Into a Immediate Input 10 of The invention will now be described
by way of   a multiplier 17. A second, delayed, Input DD to the example
only with reference to the accompanying    multiplier 17 is from the
delayed sample store 13. The drawings of which:-
output from the multiplier 17 is to an accumulator 18. Figure 1 is a block
diagram of a correlatoit 45  which accumulates the successive multiplier
outputs Figure 2 is a diagram of a channel of the cor-  during an
experimental run. The collective outputs of relator of Figure 1;
all the accumulators 18 represents the correlation Figure 3 Is an
alternative to Figure 2;        function of an Input signal and pass into
the read out Figures 4 to 11 are graphs useful in understand-  circuit 5
(Figure 1). Ing the present Invention.                 50      As shown
outputs from both counters 11, 15, The correlator 1 of Figure 1 is shown to
be cor-  latches 12, 16, and store 13 are 8-bit numbers; the relating two
signals SI, S2 formed by e.g. light flux  multipliers output are 16-bits
numbers; and the from light scattering experiments. The light is deteo-
accumulator output 32-bit numbers. ted by photomultipliers PMI, PM2 and fed
into deran-   The correlator system clock 9 provides timing domisers 2, 3.
For most light experiments only a   6s   pulses to a sample time generator
19. This produces single light flux is received and an autocorrelation  two
outputs dock signal, STC I and STC2, which function Is to be calculated. In
this case only one  clock the counters 11, 15, latches 12, 16 delayed
photomultiplier PMI is used.                       sample store 13 and
accumulator 18. Figures 4(b), (c) 3    
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relation of STCI, STC2 respectively.  values selected depend on the nature
of the exper- Both STC1 and STC2 have the same frequency but     Iment
being conducted and the accuracy of corre- STC2 is delayed on STC1 by Tm x
(N+F); where N Is  lation required. Some of the effects of varying Tm and
an integer and F is a variable fraction of Tm from zero  (cm) are explained
below. to just less than unity. The effect of STC1 applied to   5  Figures
5(a), (b) helps explain the values of delay the counter 11 latch 12 and
delay store 13 is to sample  v. Figure 5(a) shows two equal time periods of
length the Incoming signal, Figure 4(a), and form a series of  Tm separated
by a time delay sm. The value of Tm is digital numbers each number
representing the num-  the sample time In channel m and varies with each
ber of photons received in a sample period Tm. The  channel in accordance
with the frequency of its counter 11 counts the number of pulses received
be-  io  sample time generator outputs STC1, STC2. The tween docking pulses
STC1. On receipt of an STC1   value of cm is equal to Tx(N+F) and can be
varied in pulse the added count is passed into the latch 12 and  each
channel as required. A measure of how much then Into the delay store 13
before the next STCI  useful Information Is gathered during a correlation
pulse. The sample period Tm in channel m is set by  measurement can be
obtained by considering the the frequency of STCI and can be set at a
different  15  concept of tau space. Fig 5b shows the coverage in value in
each channel.                            tau space of any m channel. The
coverage In each Whilst the counter 11ls receiving pulses as above  channel
v c(m) equals twice Tm, and the position of the counter15 is also receiving
pulsesfromthederan-  such coverage Is sm. domiser 2 or 3, In sample periods
set by the STC2     GB 84 31,837 introduces the terms a, P to des- pulses.
However, since the start of STC2 is delayed   20  cribe different sample
times and delays in each chan- on STCI the series of digital numbers from
latch 16  nel. In that specification:- are delayed on those first written
into the delay store         T(m) = aT(n-')  (1) 13 by a delay time Tm(M+
F).                                  T(m) = ai(m-).T(1)  (2) The delay
store 13 is a FIFO, first In-firstout, regi-  where alpha, al is an integer
or non integer with alpha ster. Numbers are docked In by STC1 and docked
out  25  (W1) rounded to the nearest integer. by STC2. This means that the
numbers docked into               c(m) = 3 .T(m)  (3) the muiliplier 17
from the delay store 13, are delayed  where beta, P is an Integer. data DD,
which are multiplied with non-delayed, i.e.  In other words ca and p are
constant and related immediate dat ID, from the latch 16. Output from the
by multiplier 17 is thus a series of numbers formed by  3o              _
(a + 1) multiplication of delayed and non-delayed data num-
(a- 1) bers. Before STC2 begins the outputs of store 13 at   Another
characteristic to be considered is the latch 1 6 are zero.
amount of overlap in tau space in adjacent channels, Operation of a
correlator to calculate an auto cor-  this may be termed an overlap factor
OF. relation function will now be described. The calcu-  35      OF = [P +
I - a(J3 - 1)1 /2 lation of a cross correlation function is similar except
Figure 6Is a graph of alpha against beta showing lines that two input
signals of different origin are used.  of constantOF. The dotted line shows
a zero OF; mov- The switch 14 Is set to connect the derandomiser  Ing
towards the origin gives Increasing overlap and 2 both counters 11, 15.
Light from a scattering exper-  away from the origin decreasing overlap.
Moving to iment, e.g. velocity and turbulence measurements in  40  the
right Indicates Increasing channels to cover the a wind tunnel, are
directed at the photomultiplier PM1.  same tau space and moving upwards
Indicates fewer The result Is a stream of pulses from the derandom-
channels to coverthe same tau space. Both alpha and iser 2 as in Figure
4(a). In the channel of Figure 2 the  beta are independent of channel
number In this case. train of pulses is divided Into sample times Tm set by
Using these values of alpha, beta, tau space, and the STC1 and STC2 docks,
and the numberof pulses  45  overlap factor the earlier correlators may be
received in each sample time is counted in both coun-  examined. ters 11,
15. Delayed data DD from the delay store 13  Figure 7 shows the cover In
tau space of GB and non-delayed data ID from the latch 16 are multip-
1,290,336 for a total of 49 channels. The tau coverage lied In the
multiplied 17, and result in a series of digital  Is represented by
horizontal bars with an associated numbers that are accumulated in
accumulator 18. At  6o  channel number; the vertical separation is merely
to the end of an experimental run the contents of each  distinguish between
channels. The value of alpha Is accumulator 18 are read out and normalised.
The col-  1 and that of beta is m the channel number. This is lective
normalised value from each channel is the  achieved by passing a signal
into a serial delay and auto correlation function for the Input signal S1.
taking the output of sucessive stages to one input of To form a
structurator the multiplier 17 of Figure   w   multipliers. Non delayed
signals go direct to a second 2 is replaced by a difference squarer
circuit.    Input of the multipliers. As mentioned above the values of
sample time       The overlap shown in Figure 7 could be reduced Tm and
delay m are variable in each channel. The   by keeping alpha = I and making
beta = (2 x m) - 1. 4    
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values would give zero overlap as shown In Fig-  as such; Instead a fast
adder 211s employed. As bef- urn 8 and may be achieved by the circuit of
Figure 2.  ore for auto correlation the output of a derandomiser This would
Involve making the sample time Tm the   2 Is fed Into a counter 11 to
provide numbers in a same In each channel an Increasing the delay in each
sample time Tm set by the STC1. From the counter 11 channel by varying the
separation between STCI and   5   8-bit numbers pass through a latch 12 and
Into a STC2. Such an arrangement needs only 24 channels   delayed sample
store 13 both clocked by STCI. Out- to cover the same tau space as 49
channels In the  put from the delay 13 Is timed by STC2 as In Figure
arrangement of Figure 7. The correlatorof the present  2. Delayed signals
DD pass to one terminal of the invention Is multibit and can therefore
correlate mul-  adder 21. tibit Input streams whereas GB 1,290,336 only
oper-  lo  Signals from the derandomiser 2, or 3, are fed to ates on a
single bit values.                       a latch 22 Outputfrom this latch
22 I to both the adder GB 2,115,192 describes a correlator having a   21
and to the readout circult 5 Figure 1. The adder 21 variable time delay,
tau, between channel. Figure 10  has a sum output to the latch and a carry
output to a shows the coverage of tau space by 14 channels for  counter 23.
Output from this counter 23 forms the the Illustrate embodiment. There are
considerable  15  upper 24-bit number that combines with output from gaps
particularly above the seventh channel. The  the latch 22 forming the !ower
8-bit number of a 32-bit values of alpha = 1 and beta = 1.414 (mi-I) are
calcu-  number representing the channel correlation coeffi- lated and
practical values then implemented as des-  cdent. cribed. The patent also
briefly describes a system    This combination of adder 21 latch 22 and
where alpha = 1.414 and beta = 2. This gives a tau   20  counter 23
performs a multiplication on pulses space coverage as shown In Figure 11,
with consider-  received in each sample time Tm. This means the able
overlap in adjacent channels.                 components have to be fast
enough to act on pulses Eu 35308943.1 describes a system in which the
spaced typically 50 nanosecs apart. For example If sample time Increases In
successive channels. The  the delayed data is 4 and the none delayed data
is 3 value of alpha = 2 and beta = 3 gives a tau space   25  then: firstly
the value 4 will appear at the adder from coverage shown in Figure 9(b)
with no overlap in adja-  the delay 13. Each of the three separately
received cent channels. Examination of Figure 6 shows this to  pulses to
latch 22 will clock the value 4 round the be position marked Don the zero
overlap curve. From  adder 21 and latch 22 loop three times resulting in a
this curve the values of alpha = 3 and beta = 2 Indl-  final output of 12.
cated at B also give zero overlap. This Is shown Is Fig-  30  An advantage
of the Figure 3 system is the ure 9(c).
reduced number of components. In some cases this Positions marked C and A
of Figure 8 are shown  reduces the cost. The combination of adder 21 latch
in Figures 9(a) and 9(d) respectively. These indicate  22 and counter 23
forms an accumulator and can be the effect of varying the overlap factor by
adjustment  used to form the accumulator 18 of Figure 2. In this of a, and
i3, for constant a, P correlators.  35  case the latch 22 is clocked by STC
2 Instead of a All the examples of tau space coverage In Figures
derandomiser output 7,8,9, 1 0, 11 can be achieved by the system of Figure
The correlator of Figure 1 Is decribed as a 2. The value of alpha Is varied
by selecting the fre-  multichannel correlator. However the channel shown
quency of STC1, STC2 for each channel Indepen-     In Figures 2,3 can be
used to form single channel cor- >    dantiy. The value of beta Is varied
by selecting the   40  relators. A correlation can be performed on a signal
required delay between STC1, STC2 for each chan-   with one set of alpha
and beta values, and then nel independantly. The only limit to the
variation of  repeated withdifferentalpha,betavaluestocoverthe alpha and
beta is they will be an integer of the system  required tau space. This may
be termed multiplexing clock frequency. However, this can be made suffi-
and Is useful on steady signals or those that change ciently high to give
very small incremental changes to  45  only slowly. the values of alpha and
beta. Thus the particular cal-  Alternatively a two channel correlator may
be culations obtainable by the prior art correlators are  used, one channel
kept with set values of T(m), '(m), obtainable from the present correlator.
and the other channel multiplexed with different T(m), Additionally the
present correlator is capable of  c(m) values. This could be useful for
example where calculating correlation functions over tau space   5o   a
spike Is expected In a correlation function. Theset coverage not possible
with the prior art correlators.  channel provides a background reading
value and the The present correlator is flexible, i.e. it can be set to
variable channel moved around in tau space until the operate as any one of
the prior art correlators and  spike Is detected. also in new ways by
varying the frequency of and delay between STCI and STC 2.
65 Figure 3 is an alternative to the system of Figure  ClaIms 2. Many
components are the same and are given like reference numerals. In Figure 3
there is no multiplier  1. A digital processor comprising 5    
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(PMI,PM2) for receiving a signal which     11. The correlator of claim 2
wherein each chan- varies in time forming an Input signal (S1, S2),   nel
has a sample tirne clock with two outputs (STCI, means (2, 3) for sampling
the input signal (S1,  STC2) of Identical frequency but different phase,
the S2) and providing a series of digital numbers In suc-  frequency
determining the sample time (Tm) and the cessive sample time intervals
(Tm);            5   phase different determining the delay (cm). a
plurality (M) of channels (4 m) each having a delay (13) for delaying a
series of digital numbers by a delay value (rm) to provide a delayed
signal,    Patentansprfche an arithmetic section (17, or 21, 22, 23) for
receiving at one Input a digital signal and at another  10  1. Digitaler
Prozessor mit input the delayed signal and
Einrichtungen (PM1,PM2) zum Empfangen el- an accumulator (18, or21, 22,23)
for receiving  nes zeitverAnderlichen, ein Elngangssignal (SI, S2) the
output of the arithmetic section,              bildenden Signals, the
channels (41-m) collectively providing a       Einrichtungen (2, 3) zum
Abtasten des Ein- required mathematical operation;              i5
gangssignals (S1, S2) und zum Bereitstellen elner characterised by
Folge von digitalen Ziffern in aufeinanderfoigenden adjustable means (19)
for independently controlling  Abtastzeitintervallen (Tm), the sample time
interval (Tm) and delay value (sm)       mehreren (M) Kanalen (4i.,), von
denen Jeder within and between each channel (41.m and,         sine
Verz8gerung (13) aufweist, um sine Folge von reconfigurable digital signal
processing means (19,  20   Eingangszlffern um einen Verzfgerungswert (,m)
zu 11, 12, 15, 16, 13) in each channel (4m) for sampling  verzogern, um sin
verzdgertes Signal bereltzustel- the input signal (S1, S2) to provide a
sample time  len, interval (Tm) and a delay value (sm) that are indepen-
elnem Arithmetikberelch (17 oder 21, 22, 23) dent of one another and of
other channels (41i.), the  zum Empbangen sines digitalen Signals an einem
Ein- value of Tm and sm in each channel (4m) being   25  gang und
desverzagerten Signals an oinem anderen adjustable independently to suit
experimental condi-  Eingang, und tions.
elnem Akkumulator (18 odor 21, 22, 23) zum 2. The processorof claim I
wherein the arithmetic  Empfangen der Ausgabe des Arithmetikbereichs,
section (17) Is a multiplying section whereby the pro-   wobel die Kanale
(41-m) in ihrer Gesamtheit el- cessor is a correlator.
30   ne ben~lgte mathematische Operation bereitstellen, 3. The processor of
claim I wherein the arithmetic  gekennzelchnet durch section (17) is a
difference squarer section whereby  sinstellbare Einrichtungen (19) zum
unabhangigen the processor is a structurator.                    Steuern
des Abtastzeltintervalls (Tm) und des Verzo- 4. The correlator of claim 2
wherein the input sig-  gerungswertb (cm) innerhalb der und zwischen den
nal (S1, S2) Is a stream of pulses of varying timesepa-  35  elnzelnen
Kanalen (41.M) und ration whereby the correlator forms a correlation of a
rekonfigurierbare Digitalsignal-Verarbeitungseinrich- digital signal.
tungen (19, 11, 12, 15, 16, 13) In Jedem Kanal (4m) 5. The correlator of
claim I wherein the Input sig-  zum Abtasten des Eingangssignals (81, S2),
um sin nal (S1, S2) Is an analogue signal with a time varying
Abtastzeitintervall (Tm) und einen Verzigerungswert amplitude whereby the
correlator forms a correlation   40  (cm) bereitzustellen, die voneinander
und von ande- of an analogue signal.                             ren
Kanalen (41-M) unabhangig sind, wobei der Wert 6. The correlator of claim 2
wherein the plurality  von Tm und cm in jedem Kanal unabhangig eingestellt
of channels (4m) is provided by a plurality of similar  werden kann, um auf
experimentelle Bedingungen zu channels operating simultaneously on data.
passen. 7. The correlator of claim 2 wherein the plurality  45  2.
Prozessor nach Anspruch 1, wobel der Arith- (M) of channels (41-) is
provided by at leastone chan-  metikbereich (17) sin Multiplizierberelch
Ist, wodurch nel (4m) with means fortime multiplexing said channel  der
Prozessor sin Korrelator ist. to cover the required values of tau space.
3. Prozessor nach Anspruch 1, wobei der Arith- 8. The correlator of claim 7
wherein one channel  metikbereich (17) ein DIfferenzquadriererberelch Ist,
Is set to one value of sampe time and delay value tau,  so   wodurch der
Prozessor sin Strukturlerer ist. and another channel is time multiplexed to
cover a     4. Korrelator nach Anspruch 2, bei dem das Emn- range of sample
time (Tm) and delay time (sm).     gangsslgnal (S1, S2) sin Impulastrom mit
veranderli- 9. The correlatorof claim 2 whereIn the arithmetic  chen
Zeltabstinden ist, wodurch der Korrelator die section includes a multi-bit
multiplier (17).      Korrelation sines digitalen Signals bildet. 10. The
correlator of claim 2 wherein the arithme-  55  5. Korrelator nach Anspruch
1, bel dem das Eln- tic section includes a fast adder (21, 22, 23) for mul-
gangssignal (S1, S2) ein Analogsignal mitzefflilch ver- tiplying delayed
data with non-delayed data by     anderlicher Amplitude Ist, so daB der
Korrelator sine repeated additions within each sample time.
Korrelation elnes analogen Signals blidet. 6    
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11111111111111 means (PMI ,PM2) for receiving a signarwhich      11. The
correlator of claim 2 wherein each chan- varies in time forming an Input
signal (SI, S2),    nel has a sample time clock with two outputs (STCI,
means (2, 3) for sampling the Input signal (SI,  STC2) of identical
frequency but different phase, the S2) and providing a series of digital
numbers in suc-  frequency determining the sample time (Tm) and the cessive
sample time intervals (Tm);            5   phase different determining the
delay (.m). a plurality (M) of channels (41.M) each having a delay (13) for
delaying a series of digital numbers by a delay value (,sm) to provide a
delayed signal,    Patentanspriiche an arithmetic section (17, or 21, 22,
23) for receiving at one input a digital signal and at another  io  1.
Digitaler Prozessor mit input the delayed signal and
Einrichtungen (PMI,PM2) zum Empfangen el- an accumulator(18, or21, 22,23)
forreceiving  nes zeitveranderlichen, ein Eingangssignal (S1, S2) the
output of the arithmetic section,               bildenden Signals, the
channels (41-M) collectively providing a        Einrichtungen (2, 3) zum
Abtasten des Ein- required mathematical operation;               is
gangssignals (SI, S2) und zum Bereitstellen einer characterlsed by
Folge von digitalen Ziffern in aufeinanderfolgenden adjustable means (19)
for independentily controlling  Abtastzeitintervallen (Tm), the sample time
Interval (Tm) and delay value (Om)       mehreren (M) Kanalen (41.M), von
denen jeder within and between each channel (41-M) and,         eine
Verzogerung (13) aufwelst, um elne Folge von reconfigurable digital signal
processing means (19,  20   Elngangsziffern um elnen Verzogerungswert (,m)
zu 11, 12, 15, 18, 13) in each channel (4m) forsampling  verzogern, um ein
verzogertes Signal bereitzustel- the input signal (S1, S2) to provide a
sample time  len, interval (Tm) and a delay value (sm) that are Indepen-
einem Arithmetikbereich (17 oder 21, 22, 23) dent of one another and of
other channels (41m), the  zum Empfangen elnes digitalon Signals an elnem
Emn- value of Tm and sm in each channel (4m) being   25   gang und des
verz8gerten Signals an elnem anderen adjustable Independently to suit
experimental condi-  Eingang, und tions.
einem Akkumulator (18 odor 21, 22, 23) zum 2. The processor of claim I
wherein the arithmetic  Empfangen der Ausgabe des Arithmetikbereichs,
section (17) Is a multiplying section whereby the pro-   wobei die Kanale
(41.m) in Ihrer Gosamtheit el- cessor is a correlator.
30   ne benotigtb mathematische Operation bereltstellon, 3. The processor
of claim 1 wherein the arithmetic  gokennzelchnet durch section (17) Is a
difference squarer section whereby  einstellbare Einrichtungen (19) zum
unabhangigen the processor is a structurator.                    Steuern
des Abtastzeitintervalls (Tm) und des Verzo- 4. The correlator of claim 2
wherein the input sig-  gerungswerts (-sm) innerhalb der und zwlschen den
nal (SI, S2) is astream of pulses of varying time sepa-  35  einzelnen
Kanalen (41.M) und ration whereby the correlator forms a correlation of a
rekonfigurierbare Digitalsignal-Verarbeitungseinrich- digital signal.
tungen (19, 11, 12, 15, 16, 13) in jedem Kanal (4m) 5. The correlator of
claim I wherein the Input sig-  zum Abtasten des Eingangssignals (SI, 82),
um ein nal (S1, S2) Is an analogue signal with a time varying
Abtastzeitintervall (Tm) und einen Verzogerungswert amplitude whereby the
correlator forms a correlation  4o  (-sm) bereitzustellen, die vonelnander
und von ande- of an analogue signal.                             ren
Kanalen (41M) unabhlngig sind, wobel der Wert 8. The correlator of claim 2
wherein the plurality  von Tm und m in Jedem Kanal unabhangig eingestellt
of channels (4m) Is provided by a plurality of similar  werden kann, um auf
experimentelle Bedingungen zu channels operating simultaneously on data.
passen. 7. The correlator of claim 2 wherein the plurality  45  2.
Prozessor nach Anspruch 1, wobel der ArIth- (M)of channels (41c.) is
provided byatleastonechan-  metikbereich (17) ein Multiplizlerbereich ist,
wodurch nel (4m) with means fortime multiplexing said channel  der
Prozessor eln Korrelator ist. to cover the required values of tau space.
3. Prozessor nach Anspruch 1, wobei der Arith- 8. The correlator of claim 7
wherein one channel  metikbereich (17) en Differenzquadriererbereich lst,
Is set to one value of sampe time and delay value tau,  5o   wodurch der
Prozessor ein Strukturierer Ist. and another channel is time multiplexed to
cover a     4. Korrelator nach Anspruch 2, bel dem das Ein- range of sample
time (rm) and delay time ('m).      gangssignal (S1, S2) ein Impulsstrom
mit veranderli- 9. The correlator of claim 2 wherein the arithmetic  chen
Zeitabstanden ist, wodurch der Korrelator die section includes a multi-bit
multiplier (17).       Korrelation eines digitalen Signals bildet. 10. The
correlator of claim 2 wherein the arithme-  w5  6. Korrelator nach Anspruch
1, bei dem das Eln- tic section includes a fast adder (21, 22, 23) for mul-
gangasignal (S1, S2) eln Analogsignal mitzeltlich ver- tiplying delayed
data with non-delayed data by      inderlicher Amplitude ist, so daa der
Korrelator elne repeated additions within each sample time.
Korrelation eines analogen Signals bildet. 6    
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6. Korrelator nach Anspruch 2, bei doam die Ka-  chaque canal (4m), afin
qu'll 6chantillonne Is signal *j nile (4m) durch mehrere ihnlche Kanfile
bereltge-  d'ontr6e (S1, 82) et donne un intorvalle de temps stolit worden,
die giolchzeitig Daten bearbeiten.  d'dchantdllonnage (Tm) et uno valour do
retard (,mi) 7. Korrotator nach Anspruch 2, bei dom die meh-  qul sont
indipondants l'un do l'autre et des autres roren (M) Kandlo (41-,) durch
zumindest omnen Kanai  5   canaux (414.), los valours do (Tm) et (cm), pour
cha- (4m) bereitgostollt werdon, der Elnrichtungen zumn  quo canal (4m),
6tant ajustables lnd6pondarmmont on ZeibTufitplexen des Kanais aufwelst,
urn die bonatig-  fonction des conditions exp6rimentales. ton Werts des
Tau-Raumes abzudecken.                 2. Prooesseur solon la rovendicatlon
1, dans 8. Korrelator nach Anspruch 7, bol dom sin Kanai  1equel la section
arithmhtlque (1 7) eat une section do auf omnen Wert elner Abtastzoit sowle
sines Verz~ge-  lo   multiplicatIon, ei blon quo le proceseour oat un
oorr6- rungawerts tau gssetzt wird, und bel dom sin anderer  lateur. Kanal
Im Zeitmultiplex betrioben wird, urn den Bereich  3. Processeur solon la
rovendicatlon 1, dana der Abtastzeit (Tm) sowie der Verz~gsrungszoit (cm)
lequel la section arithm6tique (1 7) sat une section do abzudecken.
miso au carr6 do Is difffirenco,91 blen quo le proces- 9. Korrelator nach
Anapruch 2, bel dem der Auith-  15  sour eat un structuratour. metikbereich
omnen Mehrbit-Multiplizierer (17) auf-  4. Corr6latour solon la
revendication 2, dans walsk
lequel is -signal d'entrhe (SI, 82) eat un courant 10. Korrelator nach
Anapruch 2, bel dem der    d'impulsions ayant une separation variable dans
is Arithmetikbereich oinen schnollen Addlerer (21, 22,  temps, s1 bien quo
Is corr~latour forms une corr~la- 23) zumn Multiplizioren von verz~gerten
Daten mit un-  20  tlon d'un signal num~rlque. verz~gorton Daten durch
wiederholte Additionen In-   5. Corr~lateour sasion Ia revendication 1,
dans nerhaib jeder Abtastzeit aufweist.               lsquel lo signal
d'entr6e (SI, S2) eat un signal analo- 11. Korrolator nach Anspruch 2, bel
dom jeder  gique ayant une amplitude variable au cours du Kanal omnen
Abtastzeittakt mit zwel Ausgingen    temps, si blen quo le corr~latour
forms uns corr~la- (STCI, STC2) mit gleicher Frsquenz, jedoch untor-  25
tion d'un signal analogiqus. schiediicher Phase aufweist, wobei die
Froquenz die  S. Corr~lateur solon is revendication 2, dans Abtastzelt (Tm)
und der Phasenunterachied die Ver-  lequol pluslours canaux (4m) sont
constitu~s par plu- z8gorung (cm) bestimmon.
siours canaux analogues travaill~ant simultan~ment sur des donn6ea. 30
7. Corrhlateur selon Is revendication 2, caractA- Rovondications
rIs6 on cs quo plusieurs (M) canaux (414.) sontform6s par au momis un canal
(4m) avec un dispositif do mul- I. Processeur num~rique, comprenant:
tiplexage dana ls temps du canal Wrin quo lea vaisurs un dispositif (PM
I,PM2) doatin6 A reoevoir un  nictessalros do I'espaoe ('c) solent
couvortos. signal qui varne au cours du temps at formant un   35  8.
Corr~lateur solon Ia revendication 7, dana signal d'entrhe (SI, S2),
lequel un premier canal eat r~glA A une valour do un dispositlf (2, 3)
d'6chantillonnage du signal  temps d'Achantillonnage et une valour do
retard;, et d'entr6e (SI, 82) et do transmission d'unes ~nle do  un autre
canal est multiplex6 dens Is temps af in qu'll nombros num~riques dans des
intervalles successifa  couvre touts une plage do temps d'6chantillonnage
do temps d'Achanfillonnage (Tm),             4o  (Tm) et do temps do retard
(,cm). plusleura (M) canaux (44.m) ayant chacun un     9. Corrllateur solon
la revondication 2, dans retard (13) et destin~s A retarder une s~ris do
nomn-  lequel Ia section arithm~tique comprend un circuit bros numhniquss
d'une valour do retard (cm) pour ls  multiplicatour A plusleurs bits (1 7).
formation d'un signal retardA,                        10. Corrdlatour solon
Ia revendlcatlon 2, dans uns section arlthmitique (17 ou 21, 22, 23)  45
loquol Ia section arithrr~tiqueocomprend un addition- dsstIn~e A rocsvoir,
A uns premliro sntr~o, un signal  neur rapids (21, 22. 23) dostin6 A
multiplier lea don- num~nque at, A I'autre ontr~e, is signal rotardAk, et
n~sa retardiSes par dos donnhos non retardhss par un accumulatour (18 ou
21, 22, 23) destini A  des additions r~p~thos pendant le temps d'Achantil-
reovoir le signal do sortie do Ia section arithm~fique,  lonnage. los
canaux (41.m') assurant collectivemoent uno opdra-  so  11. Corr~lateur
solon la revondication 21, dana tion math~matiqus n~cossalre,
loquol chaquo canal asuns horloge do tomps d'6chan- caract~riaA par:
tillonnage ayant doux signaux do sortie (STCI, un diaposltif r~glablo (19)
destin6 A r~glor indhpon-  STC2) do frquenco Identique mals do phase difA
damnment lIntervallo do temps d'Achanfillonnago   rents, Ia firhquence
determinant Is tempa d'Achantll- (Tm) ot la valeur de retard (cm) dana
chaque canal (4i.  8.  lonnage (Tm) et Is d~phasags detorminant Is retard
m) St ont" los canaux, ot                         ('m). un dispositif do
traiternont ds signaux numdriques (19, 11, 12, 15.16, 13) qul pout
Atroreoonf igur6, dans 7    


