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Description

[0001] The present invention relates to a signal
processing apparatus and to a method of processing.
[0002] A signal processing apparatus wherein a plu-
rality of input channels are connected to a multiplexer is
known from US-A-4 704 609.
[0003] There are many applications in which it is re-
quired to monitor and analyse a plurality of signals si-
multaneously. For example, in the pharmaceutical in-
dustry an array of 100 or more samples is monitored to
determine whether photons are emitted from the sam-
ples in response to excitation, and the average delay
between excitation and photon emission is measured.
Known sample monitoring apparatus includes separate
processing apparatus for each sample. For example, a
separate correlator is provided for each sample to obtain
real-time digital correlation of signals. The provision of
separate processing apparatus in respect of each sam-
ple is both complicated and expensive.
[0004] Generally, a detector head comprising 4 or 8
detectors is used to monitor an array of samples. The
number of detectors is limited for two reasons. Firstly,
each detector requires a separate correlator, and it is
complex and expensive to provide an array of detectors
each having respective correlators. Secondly, it is diffi-
cult to connect a large number of correlators to a com-
puter. This is because standard computers are generally
able to accommodate only 4 correlators, being con-
strained by the amount of input output space available
and by interrupt requirements. Where a detector head
comprising 4 or 8 detectors is used, an array of 100 or
more samples must be monitored in groups of 4 or 8
samples, and the time required in order to monitor the
entire array of samples is significant.
[0005] It is an object of the present invention to pro-
vide a signal processing apparatus and a signal
processing method which overcome the above disad-
vantage.
[0006] According to a first aspect of the invention,
there is provided a signal processing apparatus com-
prising a plurality of input channels each of which is con-
nected to a respective input of a multiplexer, the multi-
plexer being arranged to connect each input to a com-
mon multiplexer output in a predetermined repeating se-
quence, and an output circuit connected to the common
multiplexer output, wherein the output circuit is arranged
to detect the presence at the common multiplexer output
of a predetermined signal, to identify the input channel
which was the source of the detected predetermined
signal, and to output a signal representative of the iden-
tified input channel.
[0007] The invention allows a large number of signals
to be monitored in parallel using relatively simple elec-
tronics. By avoiding the need for many parallel correla-
tors, and other parallel electronics, the cost and com-
plexity of monitoring many signals in parallel may be sig-
nificantly reduced.

[0008] The term 'signal processing apparatus' is not
intended to mean that the apparatus provides an anal-
ysis of data, but rather is intended to include re-ordering
of data.
[0009] Preferably, a predetermined signal is provided
continuously to one input channel of the predetermined
sequence, such that the output circuit will output a signal
representative of that input channel, referred to hereaf-
ter as the marker channel, each time that it is connected
to the multiplexer. In this manner, a 'time stamp' is re-
corded for each cycle of the predetermined sequence.
The marker channel is preferably the final input channel
of the sequence.
[0010] Preferably, each input channel is connected to
the multiplexer for a time sufficient to determine whether
the predetermined signal is present at the input, but is
not connected for a time sufficient to allow a signal rep-
resentative of that input channel to be output unless the
predetermined signal is detected. For example, 2ns may
be required to determine whether the predetermined
signal is present at the input, and a further 5ns may be
required to allow the signal representative of that input
channel to be output.
[0011] Preferably, if the predetermined signal is de-
tected, the input channel is connected to the multiplexer
input for a time sufficient to transfer the signal represent-
ative of that input channel to a data latch.
[0012] Preferably, the data latch is connected to a
storage means.
[0013] Preferably, the storage means comprises a
plurality of memories, and the signal representative of
the identified input channel is allocated to one of the
memories via a second multiplexer.
[0014] Preferably, the multiplexer is controlled by a
counter, and the signal representative of the identified
input channel comprises the number generated by the
counter.
[0015] Preferably, the counter is driven by a clock.
[0016] Preferably, the counter is a self-rollover coun-
ter arranged to recommence the sequence after a final
input channel of the predetermined sequence has been
connected to the common multiplexer output.
[0017] Preferably, the counter is controlled by an AND
gate, a first input of which is connected to the clock, and
a second input of which is connected via a NOT gate to
the common multiplexer output, so that the counter is
incremented by the clock in the absence of the prede-
termined signal at the common multiplexer output and
incrementation of the clock is suspended when the pre-
determined signal is at the common multiplexer output.
[0018] Preferably, at least some of the input channels
are connected to detectors.
[0019] Preferably, at least one detector includes
means to accumulate a signal representative of events
incident at that detector.
[0020] Preferably, at least one detector is provided
with detector reset means arranged to reset that detec-
tor once the signal representative of the input channel
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has been transferred to a data latch.
[0021] Preferably, the detector reset means is control-
led via a third multiplexer having connections to each of
the detectors.
[0022] The detectors may be photon multipliers, ava-
lanche photodiodes, hybrid dynode amplified avalanche
photodiodes or PIN detectors.
[0023] The detectors may be arranged to detect, indi-
vidual quanta, for example photons. The photons may
be scattered by a sample being monitored, in which
case the scattering of the photons may provide informa-
tion regarding motion within the sample. Alternatively,
the photons may be emitted from a sample as a result
of excitation of that sample. Where this is the case, the
characteristic lifetime of the photon emission may be
measured.
[0024] Preferably, the apparatus further comprises
data conversion means for converting signals stored in
the storage means into a series of sets of data, each set
of data being representative of the incidence of the pre-
determined signal at a particular input channel.
[0025] Preferably, the data conversion means com-
prises a pair of masks and a counter hereafter referred
to as the mask counter, a first mask being configured to
increment the mask counter when a signal representa-
tive of the marker channel of the sequence is output from
the memory, and a second mask being configured to
transfer the contents of the mask counter to a memory
when a signal representative of a predetermined input
is output from the memory.
[0026] The data conversion means may comprise
three masks and a counter hereafter referred to as a
mask counter, a first mask being configured to incre-
ment the mask counter by a first predetermined amount
when a signal representative of the marker channel of
the sequence is output from the memory, a second mask
being configured to increment the mask counter by a
second predetermined amount when a signal represent-
ative of an input channel other than a predetermined in-
put or the marker channel is output from the memory,
and a third mask being configured to transfer the con-
tents of the mask counter to a memory when a signal
representative of the predetermined input is output from
the memory.
[0027] Preferably, the mask counter is reset once its
contents have transferred to the memory.
[0028] According to a second aspect of the invention,
there is provided a method of signal processing com-
prising connecting each of a plurality of input channels
in a predetermined repeating sequence to a common
multiplexer output via respective multiplexer inputs, and
connecting the common multiplexer output to an output
circuit, wherein the method further comprises detecting
the presence at the common multiplexer output of a pre-
determined signal, identifying the input channel which
was the source of the detected predetermined signal,
and outputting a signal representative of the identified
input channel.

[0029] The method may incorporate any of the above
mentioned apparatus.
[0030] The invention may be particularly suited to
mass assays as used in microbiology, DNA, RNA, novel
drug, and novel chemical screening.
[0031] A specific embodiment of the invention will now
be described by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a schematic illustration of a processing
apparatus according to the invention;
Figure 2 is a schematic illustration of a detector
forming part of the processing apparatus shown in
Figure 1;
Figures 3a and 3b are schematic illustrations of
memory store interrogation circuits which may be
used to derive data recorded by the processing ap-
paratus shown in Figure 1; and
Figure 4 is a schematic illustration of an agile fre-
quency transmission system with which the inven-
tion may be incorporated.

[0032] Figure 1 shows schematically a processing ap-
paratus according to the invention. The processing ap-
paratus includes 128 optical detectors 1 each connect-
ed to an input of a multiplexer 2, although only three of
the optical detectors 1a-c are shown in Figure 1 for ease
of illustration. A final input (input number 128) of the mul-
tiplexer 2 is connected to a voltage source 3 which is
maintained at a sufficiently high level that the input rep-
resents a logical high. The multiplexer 2 has a single
output 4, which is connected to a latch 5. The multiplexer
2 is driven by a self-rollover counter 6 (the counter 6 is
connected to the multiplexer 2 by a bus). The counter 6
is controlled by an AND gate 8 which is connected to a
clock 7 and to a NOT gate 9 arranged to invert the output
of the latch 5.
[0033] In use, the counter 6 is started and generates
an output '1' causing the multiplexer to connect the first
optical detector 1a to the output 4. If there is no signal
from the first optical detector 1a, the output 4 from the
multiplexer 2 remains low. The counter 6 continues to
operate and generates an output '2', thereby causing the
multiplexer 2 to connect the second optical detector 1b
to the output 4. If there is no signal from the second op-
tical detector 1b, the output 4 from the multiplexer 2 re-
mains low. The counter 6 will then cause the multiplexer
to connect to the output from the third optical detector
lc to the output 4. This progression will continue for the
entire sequence of 128 optical detectors 1 connected to
the multiplexer, assuming that there is no signal from
the optical detectors 1. When the counter 6 generates
an output which corresponds to the number of the final
input of the multiplexer 2 (i.e. 128) the voltage source 3
will be connected to the output 4.
[0034] When the voltage source 3 is connected to the
output 4, the output of the latch 5 goes high, and the
output of the NOT gate 9 goes low. The low output from
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the NOT gate 8 stops operation of the counter 6 via the
AND gate 8.
[0035] A data latch 10 is connected to the counter 6
and controlled by the latch 5. The data latch 10 is
switched on when the output of the latch 5 goes high,
and the number generated by the counter 6 is trans-
ferred to the data latch 10 via a bus. In the present case,
the number transferred to the data latch 10 is '128', i.e.
the number of the multiplexer input which is connected
to the voltage source 3. The number held in the data
latch 10 is transferred to a memory 12. In this example,
the memory 12 comprises three separate memories
12a-c, and data is allocated to the separate memories
via a second multiplexer 11. The second multiplexer 11
is of the 1 to N type, and is controlled by a multiplexer
controller 11a.
[0036] The latch 5 may be reset to a low output once
the number generated by the counter 6 has been trans-
ferred to the data latch 10. The output of the NOT gate
9 will go high when the latch 5 is reset, causing the out-
put of the AND gate 8 to go high, thereby recommencing
operation of the counter 6. The counter 6 is of the self-
rollover type, and since it has already generated the out-
put '128', it will automatically rollover, and will generate
an output '1', followed by '2', etc.. The multiplexer 2 is
thus connected again to the outputs of each of the op-
tical detectors 1, as described above. A delay (not
shown) may be used to ensure that data has been trans-
ferred to the data latch 10 prior to the renewed operation
of the counter 6 and multiplexer 2.
[0037] If, for example, the output of all of the optical
detectors 1 remains low for five cycles of the multiplexer
2, the memory 12 will contain the number '128' five times
in succession. The final input channel of the multiplexer
2 is effectively a marker channel which provides an out-
put for each cycle of the multiplexer. If an event is de-
tected at one of the optical detectors 1, then the number
generated by the counter 6 representative of that detec-
tor 1 will be transferred from the counter 6 via the data
latch 10 and the second multiplexer 11 into the memory
12. Thus, for sparse data, where the likelihood of an op-
tical detector 1 detecting a photon is low, the contents
of the memory 12 may, for example, be as follows:

128, 128, 128, 36, 128, 93, 128, 128, 128, 7,
128.........
[0038] To maximise the temporal resolution of the cir-
cuit, the frequency of the counter 6 is set as high as pos-
sible. The limiting factor for the counter frequency is the
speed of operation of the latch 5. The counter frequency
must be such that when the multiplexer 2 provides a high
output, the counter 6 is stopped before it increments fur-
ther, so that the number at the counter 6 may be trans-
ferred to the data latch 10.
[0039] Data is allocated to the memory 12 by the sec-
ond multiplexer 11, which is controlled by the multiplexer
controller 11a. The multiplexer may operate in two dif-
ferent modes.
[0040] In a first mode of operation, the first memory

12a is provided with data until full, whereupon the data
is directed to the second memory 12b, after which data
is sent to the third memory 12c. Further memories (not
shown) may be used as required. The plurality of mem-
ories 12a-c is advantageous because data may be
transferred from one memory, for example memory 12a,
and analysed whilst another memory, for example mem-
ory 12b, is being filled, so that analysis of data in the
memories 12a-c is seamless.
[0041] In a second mode of operation, a first data el-
ement is directed by the multiplexer 11 to the first mem-
ory 12a, and a subsequent data element is directed by
the multiplexer 11 to the second memory 12b. A third
data element is directed by the multiplexer 11 to the first
memory, 12a, etc., such that data elements alternate be-
tween the first and second memories 12a, 12b. This
mode of operation is advantageous because it allows
data to be transferred to the memory 12 quickly, and, is
useful when the rate of data arriving at the data latch 10
is greater than the maximum input rate of a single mem-
ory. The number of memories may be selected to pro-
vide a required maximum memory input rate.
[0042] A third multiplexer (not shown) is arranged to
operate in parallel with the first multiplexer 2 and is of
the 1 to N type. The third multiplexer is incremented by
the counter 6. Each output of the third multiplexer is con-
nected to a reset input of an optical detector 1, in a con-
figuration corresponding to the connection of the optical
detectors 1 to the first multiplexer 2. The input of the
third multiplexer is connected to the latch 5 such that an
optical detector 1, having detected an event, is reset
once the counter output number specifying that detector
1 has been transferred to the data latch 10.
[0043] The optical detectors 1 shown in Figure 1 are
required to provide a latched high output when an optical
event is detected. A suitable circuit for an optical detec-
tor 1 is shown in Figure 2. A photon counting detector
13 is connected via an amplifier 14 to a switch 15. When
the switch 15 is in the configuration shown in Figure 2
the output from the amplifier 14 is connected to a dis-
criminator 16 followed by a pre-scaling circuit 17. The
output from the pre-scaling circuit 17 is connected via
an OR gate 18 to a latch 19 . In the first configuration,
the circuit provides a latched high output when a prede-
termined number of photons have been detected. When
the switch is in the opposite configuration to that shown,
the output from the amplifier 14 is connected to one side
of a capacitor 20. An opposite side of the capacitor 20
is connected via a discriminator 21 to the OR gate 18
and from there to the latch 19. In the second configura-
tion, the circuit provides a latched high output when a
certain analogue integral of photons has been detected.
[0044] The circuit shown in Figure 2 is provided mere-
ly as an example, and other circuits may be arranged to
provide a latched high output in response to detected
events. Such circuits may include digital pre-scaling in-
tegration and differentiation, linear or non-linear opera-
tion of the amplifier, and signal multiplication or inver-
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sion.
[0045] A circuit suitable for analysing the contents of
the memory 12 is shown in Figure 3a. The circuit com-
prises two digital masks 22, 23, a counter 24 connected
to the output of the digital masks 22, 23 and an output
buffer 25. In use, the first digital mask 22 is configured
to provide a high output only when a number represent-
ative of the marker channel input of the first multiplexer
2 (i.e. input 128) is read. The output from the first mask
22 causes the counter 24 to increment each time the
number '128' is output from the memory 12. The second
digital mask 23 is configured to provide a high output
whenever the memory 12 outputs a number corre-
sponding to a pre-selected detector (for example detec-
tor number 73). When the memory outputs the number
corresponding to the pre-selected detector, the second
mask 23 provides a high output. The high output from
the second mask 23 causes the content of the output
buffer 25 to be read, and the counter 24 to be reset. Thus
the output buffer 25 outputs a number which corre-
sponds to the number of cycles of the multiplexer 2
which occur between the detection of events at'the pre-
selected detector.
[0046] The rate at which data may be output from the
memory 12 is limited by the speed of operation of the
counter 24. The output of the second mask 23 may be
connected to a delay circuit (not shown) arranged to
stop data being output from the memory 12 until the con-
tents of the output buffer have been read and the coun-
ter 24 has been reset.
[0047] Once the memory 12 has been interrogated in
relation to a pre-selected detector (for example, detector
number 73 as described above), the second digital
mask 23 is set to interrogate the memory 12 for a further
pre-selected detector, for example number 74. A plural-
ity of mask pairs (not shown in Figure 3a) may be used
to analyse simultaneously the memory store 12 in rela-
tion to a plurality of pre-selected detectors.
[0048] A described in relation to Figure 1, the memory
12 may comprise a set of memories 12a-c. Where this
is the case, the memory 12 may be arranged that a first
memory 12a is interrogated whilst a second memory
12b is being filled with data. If the interrogation is suffi-
ciently fast, it will be completed before the second mem-
ory 12b is filled. The first memory may then be filled with
data as the second memory 12b is interrogated, etc.. In
this manner it is possible to continuously analyse the
array of detectors 1 using a processing apparatus hav-
ing only two memories 12a, 12b.
[0049] Data from the output buffer 25 may be ana-
lysed using a pulse arrival distribution or other analysis
method, and the results directed to a memory store hav-
ing addresses corresponding to pre-selected detectors.
A non-linear timing circuit, as described in PCT/
GB98/03093, may be used to analyse data quickly, and
to convert data into a compact form.
[0050] The processing apparatus according to the in-
vention may be used for a number of applications. Sev-

eral of these applications are described below; other ap-
plications will be apparent to those skilled in the art.
[0051] The processing apparatus may be used to de-
tect photons emitted by an array of 100 biological sam-
ples. This may be done for example using the apparatus
as illustrated in Figure 1, with 100 detectors 1 connected
to the multiplexer 2. In an advantageous arrangement,
the clock 7 is set to increment the counter 6 every 2ns
(2ns being the time required to determine whether the
output of a detector 1 is high) so that the time required
to scan the 100 detectors 1 is 200ns. If the output from
a detector is high, the time taken to transfer the number
at the counter 6 to the memory 12 is 5ns. Thus, it takes
approximately 205ns to "scan" the multiplexer 2, assum-
ing that no events are detected (the extra 5ns corre-
sponds to the final input of the multiplexer, which is con-
nected to the voltage source 3).
[0052] Assuming an average of 10,000 photon counts
per detector per second, the total photon input to the
processing apparatus would be 1,000,000 photons per
second. Since the number of photons arriving at the de-
tectors is approximately 1,000,000 per second, a photon
will on average be detected once every five scans. Thus,
the band width of each optical detector is approximately
5 MHz. This bandwidth is ideally suited to photon corre-
lation and number fluctuation spectroscopy measure-
ments.
[0053] Seamless and continuous analysis of data
from the processing apparatus, if the data is analysed
by a single analysis circuit using a single pair of masks
as described above in relation to Figure 3a would re-
quire an analysis circuit operating at 100 MHz. Signal
processors which operate in this frequency range are
known in the art.
[0054] The circuit shown in Figure 3a is useful for an-
alysing the contents of the memory 12 when the proba-
bility of more than one event being detected during a
single scan of the first multiplexer 2 is low. Whenever
an event is detected during a cycle of the multiplexer,
the time taken for that cycle to be completed will be long-
er than the time required to complete the cycle if no
event were detected. This is because time is required
to transfer the number representative of the relevant de-
tector to the data latch 10. This increase of the cycle
time has very little effect on the accuracy of the time re-
corded for a given event when the probability of more
than one event being detected during a single scan of
the first multiplexer 2 is low. However, where the appa-
ratus is used to detect data which is not sparse, then the
accuracy of the time measurement will reduce as the
density of that data increases.
[0055] Figure 3b shows a circuit which will provide an
accurate time measurement irrespective of whether or
not the data detected by the processing apparatus is
sparse. The circuit comprises three digital masks 26-28.
A first of these digital masks is configured to provide an
output only when a number representative of the highest
input of the first multiplexer 2 (i.e. input 128) is read. The
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mask 26 outputs the number 128, which is input to a
counter 29. Thus, for each cycle of the processing ap-
paratus the counter 29 is incremented by .128. The sec-
ond digital mask 27 is configured to provide an output
when a number representative of any of the inputs of
the first multiplexer 2, other than input number 128 or
the input of interest, is output from the memory. This
mask outputs a number representative of the extra time
added to that cycle of the multiplexer 2 due to the de-
tection of an unwanted event. In this case the number
is 3. Thus, the total number held at the counter 29 is the
sum of the number of cycles of the multiplexer 2 multi-
plied by 128 plus the number of times an event has been
detected at a detector other than the detector of interest
multiplied by 3. The total time recorded at the counter
thus takes account of every event incident at the multi-
plexer 2.
[0056] The third digital mask 28 is configured to pro-
vide a high output when a number representative of the
detector of interest is output from the memory 12. When
this occurs, the contents of an output buffer 30 connect-
ed to the counter 29 are read, and the counter 29 is re-
set. The output buffer 30 thus outputs a series of num-
bers which accurately represent the time between suc-
cessive events at the detector of interest.
[0057] Although the invention has been described in
relation to the detection and correlation of experimental
data, the invention may used in a wide variety of appli-
cations. For example, the invention may be used in the
field of communications, and may in particular be used
to provide rapid frequency scanning.
[0058] It is known in the art that communications may
be made more secure by the use of so called agile fre-
quency transmission, wherein the frequency of a trans-
mitted signal jumps according to a pre-set pattern. This
is done in order to make it difficult for a third party to
detect a significant part of a transmitted message. The
invention may be used to monitor a plurality of transmis-
sion frequencies simultaneously, using a multiplexed ar-
ray of detectors (as described in relation to Figure 1),
and sorting data using masks (as described in relation
to Figures 3a and 3b). Data corresponding to one de-
tection frequency may be analysed independently and
in combination with data corresponding to other detec-
tion frequencies, to allow monitoring of a transmission
even where other signals or noise are present within the
bandwidth.
[0059] A coding apparatus suitable for providing agile
frequency transmission is illustrated in Figure 4. Three
signal lines 31 are connected to an N to N multiplexer
32 and thence to transmission lines 33 which may be
electronic links, radio links, microwave links or a combi-
nation of these. The multiplexer 32 is controlled by a
random number generator 34 or other suitable coding
unit which must be seeded by a seed input 35 prior to
transmission. On transmission of a data bit from the mul-
tiplexer 31, an OR gate 36 triggers the random number
generator 34 to output a new random number such that

the multiplexer 32 connects different signal lines 31 to
different transmission lines 33.
[0060] A suitable decoding apparatus is also shown
in Figure 4. Signals arriving on transmission lines 33 are
rearranged by an N to N multiplexer 37. The multiplexer
is controlled by the seed line 38 which carries the data
required to switch between the transmission lines 33 in
order to reconstitute the signal. An OR gate 39 incre-
ments the multiplexer 37 via a number generator 40
which is controlled by the seed line 38. Output lines 41
from the multiplexer 37 may be connected to the
processing apparatus according to the invention. The
invention is advantageous because it allows all of the
output lines 41 to be monitored simultaneously.
[0061] A signal may be further scrambled by perform-
ing a logical operation between the input signal lines 31
prior to their being coded by the multiplexer 32. Known
coding methods may be combined with the coding ap-
paratus shown in Figure 4. For example, correlation
coding may be employed, wherein each data bit is a
function of all previous data bits.
[0062] In the event that no data is carried by one of
the input signal lines 31, random data or a false signal
may be generated as decoy data.
[0063] Where the apparatus illustrated in Figure 4 is
used to encode data for transmission via telephone
lines, a programmable multiplexer is advantageous.
The programmable multiplexer should have a sufficient
number of channels to allow data from all possible tele-
phone lines to be coded simultaneously, but be capable
of being configured to remove a multiplexer input from
the coding when a telephone line corresponding to that
multiplexer input is not in use.
[0064] The apparatus illustrated in Figure 4 may be
used to provide signal correction. One or a plurality of
signals may be arranged to contain a test signature
which is measured at a receiver and used as data to
correct incoming signals.
[0065] The invention may be applied to the transmis-
sion of images. In may instances an image may be com-
posed predominantly of low logical signals. This may be
because the majority of the image is dark, or may be
because the transmission has been coded such that on-
ly changes of pixel values are transmitted. A processing
arrangement according to the invention having a multi-
plexer with a number of channels equal to the number
of pixels comprising an image (plus one extra channel
to carry a logic high) may be used to transmit the image
in an efficient manner.
[0066] The invention may be applied to the decoding
of television signals. Where a plurality of television sig-
nals are being transmitted simultaneously (i.e. several
channels), the invention may be used to direct different
signals toward different viewing screens or storage de-
vices. The invention thus allows more than one televi-
sion channel to be viewed simultaneously on different
screens, or to be directed to a storage medium.
[0067] The invention may be used in any application

9 10



EP 1 198 791 B1

7

5

10

15

20

25

30

35

40

45

50

55

where signals from many low bandwidth sources are
connected to a single high bandwidth processor or
transmission line. One such application is in communi-
cations, where many low bandwidth telephone lines are
connected to a high bandwidth carrier. For example,
many copper telephone wires may be connected to a
microwave transmitter or a fibre optic cable.
[0068] It is preferable in communications to change
the coding of a transmitted signal in response to chang-
es of transmission rates (handshaking code and error
correction code may also be changed). The invention
allows for the collection, storage and decoding of com-
munications signals continuously and seamlessly,
thereby allowing the signals to be re-coded prior to re-
transmission by a high bandwidth carrier.
[0069] Another application in which signals from
many low bandwidth sources are coupled to a single
high bandwidth connection is the connection of local In-
ternet connections to a server and then the server to the
Internet gateway. A further application is the communi-
cation between a supercomputer and the outside world
where many "slow" people may be accessing the same
system. A further application is the connection of an in-
ternal phone network to an external network to transfer
information between sites. The outgoing phone calls be-
tween two company sites may be suitably coded com-
pressed onto a single phone line and be uncompressed
into the required lines when leaving the system.

Claims

1. A signal processing apparatus comprising a plural-
ity of input channels (1) each of which is connected
to a respective input of a multiplexer (2), the multi-
plexer being arranged to connect each input to a
common multiplexer output (4) in a predetermined
repeating sequence, and an output circuit (6-12)
connected to the common multiplexer output,
wherein the output circuit is arranged to detect the
presence at the common multiplexer output of a
predetermined signal, to identify the input channel
which was the source of the detected predeter-
mined signal, and to output a signal representative
of the identified input channel.

2. A signal processing apparatus according to claim
1, wherein a predetermined signal is provided con-
tinuously to one input channel of the predetermined
sequence, such that the output circuit will output a
signal representative of that input channel, referred
to hereafter as the marker channel, each time that
it is connected to the multiplexer.

3. A signal processing apparatus according to claim 1
or 2, wherein each input channel is connected to
the multiplexer for a time sufficient to determine
whether the predetermined signal is present at the

input, but is not connected for a time sufficient to
allow a signal representative of that input channel
to be output unless the predetermined signal is de-
tected.

4. A signal processing apparatus according to claim
3, wherein, if the predetermined signal is detected,
the input channel is connected to the multiplexer in-
put for a time sufficient to transfer the signal repre-
sentative of that input channel to a data latch.

5. A signal processing apparatus according to claim
4, wherein the data latch is connected to a storage
means.

6. A signal processing apparatus according to claim
5, wherein the storage means comprises a plurality
of memories, and the signal representative of the
identified input channel is allocated to one of the
memories via a second multiplexer.

7. A signal processing apparatus according to any
preceding claim, wherein the multiplexer is control-
led by a counter, and the signal representative of
the identified input channel comprises the number
generated by the counter.

8. A signal processing apparatus according to claim
7, wherein the counter is driven by a clock.

9. A signal processing apparatus according to claim 7
or 8, wherein the counter is a self-rollover counter
arranged to recommence the sequence after a final
input channel of the predetermined sequence has
been connected to the common multiplexer output.

10. A signal processing apparatus according to claim
9, wherein the counter is controlled by an AND gate,
a first input of which is connected to the clock, and
a second input of which is connected via a NOT gate
to the common multiplexer output; so that the coun-
ter is incremented by the clock in the absence of the
predetermined signal at the. common multiplexer
output and incrementation of the clock is suspend-
ed when the predetermined signal is at the common
multiplexer output.

11. A signal processing apparatus according to any
preceding claim, wherein at least some of the input
channels are connected to detectors.

12. A signal processing apparatus according to claim
11, wherein at least one detector includes means to
accumulate a signal representative of events inci-
dent at that detector.

13. A signal processing apparatus according to claim
11 or 12, wherein at least one detector is provided
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with detector reset means arranged to reset that de-
tector once the signal representative of the input
channel has been transferred to a data latch.

14. A signal processing apparatus according to claim
13, wherein the detector reset means is controlled
via a third multiplexer having connections to each
of the detectors.

15. A signal processing apparatus according to claim 5
or any claim dependent thereon, further comprising
data conversion means for converting signals
stored in the storage means into a series of sets of
data, each set of data being representative of the
incidence of the predetermined signal at a particular
input channel.

16. A signal processing apparatus according to claim
15, wherein the data conversion means comprises
a pair of masks and a counter hereafter referred to
as the mask counter, a first mask being configured
to increment the mask counter when a signal rep-
resentative of the marker channel of the sequence
is output from the memory, and a second mask be-
ing configured to transfer the contents of the mask
counter to a memory when a signal representative
of a predetermined input is output from the memory.

17. A signal processing apparatus according to claim
15, wherein data conversion means comprises
three masks and a counter hereafter referred to as
a mask counter, a first mask being configured to in-
crement the mask counter by a first predetermined
amount when a signal representative of the marker
channel of the sequence is output from the memory,
a second mask being configured to increment the
mask counter by a second predetermined amount
when a signal representative of an input channel
other than a predetermined input or the marker
channel is output from the memory, and a third mask
being configured to transfer the contents of the
mask counter to a memory when a signal represent-
ative of the predetermined input is output from the
memory.

18. A signal processing apparatus according to claim
16 or 17, wherein mask counter is reset once its
contents have transferred to the memory.

19. A method of signal processing comprising connect-
ing each of a plurality of input channels in a prede-
termined repeating sequence to a common multi-
plexer output via respective multiplexer inputs, and
connecting the common multiplexer output to an
output circuit, wherein the method further compris-
es detecting the presence at the common multiplex-
er output of a predetermined signal, identifying the
input channel which was the source of the detected

predetermined signal, and outputting a signal rep-
resentative of the identified input channel.

20. A method of signal processing according to claim
19, and incorporating the apparatus as claimed in
any of claims 1 to 18.

Patentansprüche

1. Signalverarbeitungsvorrichtung, umfassend eine
Vielzahl von Eingangskanälen (1), die jeweils mit
einem jeweiligen Eingang eines Multiplexers (2)
verbunden sind, wobei der Multiplexer angeordnet
ist, um jeden Eingang mit einem gemeinsamen Mul-
tiplexerausgang (4) in einer vorgegebenen Wieder-
holungssequenz zu verbinden, und eine Ausgangs-
schaltung (6-12), die mit dem gemeinsamen Multi-
plexerausgang verbunden ist, wobei die Ausgangs-
schaltung angeordnet ist, um an dem gemeinsa-
men Multiplexerausgang die Anwesenheit eines
vorgegebenen Signals zu erfassen, um den Ein-
gangskanal zu identifizieren, der die Quelle des er-
fassten vorgegebenen Signals war, und um ein Si-
gnal auszugeben, das den identifizierten Eingangs-
kanal darstellt.

2. Signalverarbeitungsvorrichtung nach Anspruch 1,
wobei ein vorgegebenes Signal kontinuierlich an ei-
nem Eingangskanal der vorgegebenen Sequenz
bereit gestellt wird, so dass die Ausgangsschaltung
ein Signal ausgeben wird, das diesen Eingangska-
nal darstellt, der nachstehend als der Markiererka-
nal bezeichnet wird, jedes Mal, wenn er mit dem
Multiplexer verbunden wird.

3. Signalverarbeitungsvorrichtung nach Anspruch 1
oder 2, wobei jeder Eingangskanal mit dem Multi-
plexer für eine Zeit verbunden wird, die ausreicht,
um zu bestimmen, ob das vorgegebene Signal an
dem Eingang vorhanden ist, aber nicht für eine Zeit
verbunden wird, die ausreicht um zu ermöglichen,
dass ein Signal, das diesen Eingangskanal dar-
stellt, ausgegeben wird, außer wenn das vorgege-
bene Signal erfasst wird.

4. Signalverarbeitungsvorrichtung nach Anspruch 3,
wobei dann, wenn das vorgegebene Signal erfasst
wird, der Eingangskanal mit dem Multiplexerein-
gang für eine Zeit verbunden wird, die ausreicht, um
das Signal, das diesen Eingangskanal darstellt, an
einen Datenhaltespeicher zu transferieren.

5. Signalverarbeitungsvorrichtung nach Anspruch 4,
wobei der Datenhaltespeicher mit einer Speicher-
einrichtung verbunden ist.

6. Signalverarbeitungsvorrichtung nach Anspruch 5,
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wobei die Speichereinrichtung eine Vielzahl von.
Speichern umfasst, und das Signal, das den iden-
tifizierten Eingangskanal darstellt, einem der Spei-
cher über einen zweiten Multiplexer zugeordnet
wird.

7. Signalverarbeitungsvorrichtung nach irgendeinem
vorangehenden Anspruch, wobei der Multiplexer
durch einen Zähler gesteuert wird, und das Signal,
das den identifizierten Eingangskanal darstellt, die
Zahl umfasst, die von dem Zähler erzeugt wird.

8. Signalverarbeitungsvorrichtung nach Anspruch 7,
wobei der Zähler durch einen Takt angesteuert wird.

9. Signalverarbeitungsvorrichtung nach Anspruch 7
oder 8, wobei der Zähler ein selbst-herumlaufender
Zähler ist, der angeordnet ist, um die Sequenz neu
zu beginnen, nachdem ein abschließender Ein-
gangskanal der vorgegebenen Sequenz mit dem
gemeinsamen Multiplexerausgang verbunden wor-
den ist.

10. Signalverarbeitungsvomichtung nach Anspruch 9,
wobei der Zähler durch ein UND-Gatter gesteuert
wird, dessen erster Eingang mit dem Takt verbun-
den ist, und dessen zweiter Eingang über ein
NICHT-Gatter mit dem gemeinsamen Multiplexer-
ausgang verbunden ist, so dass der Zähler durch
den Takt bei Abwesenheit des vorgegebenen Si-
gnals an dem gemeinsamen Multiplexerausgang
inkrementiert wird und eine Inkrementierung des
Takts ausgesetzt wird, wenn das vorgegebene Si-
gnal an dem gemeinsamen Multiplexerausgang ist.

11. Signalverarbeitungsvorrichtung nach irgendeinem
vorangehenden Anspruch, wobei wenigstens eini-
ge der Eingangskanäle mit Detektoren verbunden
sind.

12. Signalverarbeitungsvorrichtung nach Anspruch 11,
wobei wenigstens ein Detektor eine Einrichtung
umfasst, um ein Signal zu akkumulieren, das Ereig-
nisse darstellt, die auf diesen Detektor einfallen.

13. Signalverarbeitungsvorrichtung nach Anspruch 11
oder 12, wobei wenigstens ein Detektor mit einer
Detektorrücksetzeinrichtung versehen ist, die an-
geordnet ist, um diesen Detektor zurückzusetzen,
sobald das Signal, das den Eingangskanal darstellt,
an einen Datenhaltespeicher transferiert worden
ist.

14. Signalverarbeitungsvorrichtung nach Anspruch 13,
wobei die Detektorrücksetzeinrichtung über einen
dritten Multiplexer, der Verbindungen zu jedem der
Detektoren aufweist, gesteuert wird.

15. Signalverarbeitungsvorrichtung nach Anspruch 5
oder irgendeinem Anspruch, der davon abhängt,
ferner umfassend eine Datenumwandlungseinrich-
tung zum Umwandeln von Signalen, die in der Spei-
chereinrichtung gespeichert sind, in eine Serie von
Sätzen von Daten, wobei jeder Datensatz das Auf-
treten des vorgegebenen Signals an einem be-
stimmten Eingangskanal darstellt.

16. Signalverarbeitungsvorrichtung nach Anspruch 15,
wobei die Datenumwandlungseinrichtung ein Paar
von Masken und einen Zähler, der nachstehend als
der Maskenzähler bezeichnet wird, umfasst, wobei
eine erste Maske konfiguriert ist, um den Masken-
zähler zu inkrementieren, wenn ein Signal, das den
Markiererkanal der Sequenz darstellt, von dem
Speicher ausgegeben wird, und wobei eine zweite
Maske konfiguriert ist, um die Inhalte des Masken-
speichers an einen Speicher zu transferieren, wenn
ein Signal, das einen vorgegebenen Eingang dar-
stellt, von dem Speicher ausgegeben wird.

17. Signalverarbeitungsvorrichtung nach Anspruch 15,
wobei die Datenumwandlungseinrichtung drei Mas-
ken und einen Zähler, der nachstehend als ein Mas-
kenzähler bezeichnet wird, umfasst, wobei eine er-
ste Maske konfiguriert ist, um den Maskenzähler
um einen ersten vorgegebenen Betrag zu inkre-
mentieren, wenn ein Signal, das den Markiererka-
nal der Sequenz darstellt, von dem Speicher aus-
gegeben wird, wobei eine zweite Maske konfiguriert
ist, um den Maskenzähler um einen zweiten vorge-
gebenen Betrag zu inkrementieren, wenn ein Si-
gnal, das einen anderen Eingangskanal als einen
vorgegebenen Eingangs- oder den Markiererkanal
darstellt, von dem Speicher ausgegeben wird, und
wobei eine dritte Maske konfiguriert ist, um die In-
halte des Maskenzählers an einen Speicher zu
transferieren, wenn ein Signal, das den vorgegebe-
nen Eingang darstellt, von dem Speicher ausgege-
ben wird.

18. Signalverarbeitungsvorrichtung nach Anspruch 16
oder 17, wobei der Maskenzähler zurückgesetzt
wird, sobald dessen Inhalte an den Speicher trans-
feriert worden sind.

19. Verfahren zur Signalverarbeitung, umfassend die
folgenden Schritte: Verbinden jedes Kanals einer
Vielzahl von Eingangskanälen in einer vorgegebe-
nen Wiederholungssequenz mit einem gemeinsa-
men Multiplexerausgang über jeweilige Multiple-
xereingänge, und Verbinden des gemeinsamen
Multiplexerausgangs mit einer Ausgangsschaltung,
wobei das Verfahren ferner die folgenden Schritte
umfasst: Erfassen der Anwesenheit eines vorgege-
benen Signals an dem gemeinsamen Multiplexer-
ausgang, Identifizieren des Eingangskanals, der
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die Quelle des erfassten vorgegebenen Signals
war, und Ausgeben eines Signals, das den identifi-
zierten Eingangskanal darstellt.

20. Verfahren zur Signalverarbeitung nach Anspruch
19 und beinhaltend die Vorrichtung, wie in irgend-
einem der Ansprüche 1 bis 18 beansprucht.

Revendications

1. Appareil de traitement de signal comprenant une
pluralité de canaux d'entrée (1) dont chacun est
connecté à une entrée respective d'un multiplexeur
(2), le multiplexeur étant agencé pour connecter
chaque entrée à une sortie de multiplexeur commu-
ne (4) selon une séquence se répétant prédétermi-
née, et un circuit de sortie (6-12) qui est connecté
à la sortie de multiplexeur commune, dans lequel le
circuit de sortie est agencé pour détecter la présen-
ce, au niveau de la sortie de multiplexeur commune,
d'un signal prédéterminé, pour identifier le canal
d'entrée qui a été la source du signal prédéterminé
détecté et pour émettre en sortie un signal repré-
sentatif du canal d'entrée identifié.

2. Appareil de traitement de signal selon la revendica-
tion 1, dans lequel un signal prédéterminé est ap-
pliqué en continu sur un canal d'entrée de la sé-
quence prédéterminée de telle sorte que le circuit
de sortie émettra en sortie un signal représentatif
de ce canal d'entrée, appelé ci-après canal de mar-
queur, chaque fois qu'il est connecté au multi-
plexeur.

3. Appareil de traitement de signal selon la revendica-
tion 1 ou 2, dans lequel chaque canal d'entrée est
connecté au multiplexeur pendant un temps qui suf-
fit pour déterminer si oui ou non le signal prédéter-
miné est présent au niveau de l'entrée mais n'est
pas connecté pendant un temps qui suffit pour per-
mettre à un signal représentatif de ce canal d'entrée
d'être émis en sortie sauf si le signal prédéterminé
est détecté.

4. Appareil de traitement de signal selon la revendica-
tion 3, dans lequel, si le signal prédéterminé est dé-
tecté, le canal d'entrée est connecté à l'entrée de
multiplexeur pendant un temps qui suffit pour trans-
férer le signal représentatif de ce canal d'entrée sur
un moyen de verrouillage de données.

5. Appareil de traitement de signal selon la revendica-
tion 4, dans lequel le moyen de verrouillage de don-
nées est connecté à un moyen de stockage.

6. Appareil de traitement de signal selon la revendica-
tion 5, dans lequel le moyen de stockage comprend

une pluralité de mémoires, et le signal représentatif
du canal d'entrée identifié est alloué à l'une des mé-
moires via un second multiplexeur.

7. Appareil de traitement de signal selon l'une quel-
conque des revendications précédentes, dans le-
quel le multiplexeur est commandé par un compteur
et le signal représentatif du canal d'entrée identifié
comprend le nombre généré par le compteur.

8. Appareil de traitement de signal selon la revendica-
tion 7, dans lequel le compteur est piloté par une
horloge.

9. Appareil de traitement de signal selon la revendica-
tion 7 ou 8, dans lequel le compteur est un compteur
à auto-substitution qui est agencé pour recommen-
cer la séquence après qu'un canal d'entrée final de
la séquence prédéterminée a été connecté à la sor-
tie de multiplexeur commune.

10. Appareil de traitement de signal selon la revendica-
tion 9, dans lequel le compteur est commandé par
une porte ET dont une première entrée est connec-
tée à l'horloge et dont une seconde entrée est con-
nectée via une porte NON à la sortie de multiplexeur
commune de telle sorte que le compteur soit incré-
menté par l'horloge en l'absence du signal prédé-
terminé au niveau de la sortie de multiplexeur com-
mune et qu'une incrémentation de l'horloge soit
suspendue lorsque le signal prédéterminé est au ni-
veau de la sortie de multiplexeur commune.

11. Appareil de traitement de signal selon l'une quel-
conque des revendications précédentes, dans le-
quel au moins certains des canaux d'entrée sont
connectés à des détecteurs.

12. Appareil de traitement de signal selon la revendica-
tion 11, dans lequel au moins un détecteur inclut un
moyen pour accumuler un signal représentatif
d'événements se produisant au niveau de ce détec-
teur.

13. Appareil de traitement de signal selon la revendica-
tion 11 ou 12, dans lequel au moins un détecteur
est muni d'un moyen de remise à l'état initial de dé-
tecteur qui est agencé pour remettre à l'état initial
ce détecteur une fois que le signal représentatif du
canal d'entrée a été transféré sur un moyen de ver-
rouillage de données.

14. Appareil de traitement de signal selon la revendica-
tion 13, dans lequel le moyen de remise à l'état ini-
tial de détecteur est commandé via un troisième
multiplexeur qui comporte des connexions sur cha-
cun des détecteurs.
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15. Appareil de traitement de signal selon la revendica-
tion 5 ou selon l'une quelconque des revendications
qui en dépendent, comprenant en outre un moyen
de conversion de données pour convertir des si-
gnaux qui sont stockés dans le moyen de stockage
selon une série de jeux de données, chaque jeu de
données étant représentatif de l'incidence du signal
prédéterminé au niveau d'un canal d'entrée particu-
lier.

16. Appareil de traitement de signal selon la revendica-
tion 15, dans lequel le moyen de conversion de don-
nées comprend une paire de masques et un comp-
teur ci-après appelé compteur de masque, un pre-
mier masque étant configuré pour incrémenter le
compteur de masque lorsqu'un signal représentatif
du canal de marqueur de la séquence est émis en
sortie depuis la mémoire et un second masque
étant configuré pour transférer le contenu du comp-
teur de masque sur une mémoire lorsqu'un signal
qui est représentatif d'une entrée prédéterminée est
émis en sortie depuis la mémoire.

17. Appareil de traitement de signal selon la revendica-
tion 15, dans lequel un moyen de conversion de
données comprend trois masques et un compteur
ci-après appelé compteur de masque, un premier
masque étant configuré pour incrémenter le comp-
teur de masque d'une première valeur prédétermi-
née lorsqu'un signal qui est représentatif du canal
de marqueur de la séquence est émis en sortie de-
puis la mémoire, un second masque étant configuré
pour incrémenter le compteur de masque d'une se-
conde valeur prédéterminée lorsqu'un signal qui est
représentatif d'un canal d'entrée autre qu'une en-
trée prédéterminée ou que le canal de marqueur est
émis en sortie depuis la mémoire et un troisième
masque étant configuré pour transférer le contenu
du compteur de masque sur une mémoire lorsqu'un
signal qui est représentatif de l'entrée prédétermi-
née est émis en sortie depuis la mémoire.

18. Appareil de traitement de signal selon la revendica-
tion 16 ou 17, dans lequel un compteur de masque
est remis à l'état initial une fois que son contenu est
transféré sur la mémoire.

19. Procédé de traitement de signal comprenant la con-
nexion de chacun d'une pluralité de canaux d'en-
trée selon une séquence se répétant prédétermi-
née sur une sortie de multiplexeur commune via
des entrées de multiplexeur respectives et la con-
nexion de la sortie de multiplexeur commune sur un
circuit de sortie, dans lequel le procédé comprend
en outre la détection de la présence, au niveau de
la sortie de multiplexeur commune, d'un signal pré-
déterminé qui identifie le canal d'entrée qui a été la
source du signal prédéterminé détecté, et l'émis-

sion en sortie d'un signal qui est représentatif du
canal d'entrée identifié.

20. Procédé de traitement de signal selon la revendica-
tion 19, incorporant l'appareil tel que revendiqué se-
lon l'une quelconque des revendications 1 à 18.
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