
EP O 439 551 B1 Description The present invention relates to an optical
signal processor, and to a method of processing optical data. In
communication systems, spread spectrum techniques have been used, and it is
thought that such tech- 5   niques could offer several advantages in local
area networks. In particular, spread spectrum optical commu- nication
techniques based on white light interference have been known forsome time,
and recently these tech- niques have been used In coherence multiplexed
optical fibre sensor systems. Recently, a spread spectrum technique,
referred to as code division multiple access (CDMA) has been described for
use with local area networks. In this scheme, each user is assigned
orthogonal codes, which 10  results in a substantial increase of the
bandwidth of the transmitted signal. However, the bandwidth require- ments
of this technique can only be supported by wide bandwidth channels such as
a occur in fibre-optics. This technique also requires wide bandwidth signal
processors at the receiver. Conventional receivers for CDMA use electronic
processors. However, these are slow when compared with optical systems, and
also can be affected by electrical noise. It Is desirable to provide an
all-fibre and Integrated optical processorwhich could 15  facilitate and
permit all-optical processing so that maximum potential of such techniques
can be realised. The paper "Fiber-optic bipolar tap Implementation using an
Incoherent optical source", Optics Letters, vol. 12, no. 9, pages 726-728
describes an optical fibre tap which provides a measure of the Intensity of
a received signal, any switching being done electronically. Patent
Abstracts of Japan, vol. 12, no. 100, page 683 and JP- A-6 223 625 both
mention comparing optical signals to reference signals. 20      The aim of
the present Invention Is to provide a signal processing system, and a
method and apparatus for processing optical signals, which obviates or
mitigates at least one of the aforementioned problems. This is achived by
providing an optical processing device for determining matching or
mismatching be- tween an optical Inputsignal and a predetermined reference
according to claim 1, byfurther providing an optical processing system for
determining matching or mismatching between an optical input signal and a
predeter- 25   mined reference according to claim 3 and by providing a
method for determining matching or mismatching be- tween an optical input
signal and a predetermined reference according too calim 7. The invention
provides an optical processing element based on at least two optical
couplers which are con- nected so that the principal channels are connected
in series with a time delay of a predetermined value in the principal
channel between adjacent optical coupling units. The optical coupling units
are formed into stages, 30  and the number of optical coupling units per
stage determines further coding of each bit of the input optical signal or
code sequence. In other words, If the input code Is M-bits long, then M
optical coupler stages are required to process this code and determine
whether the code matches with the pre-set code sequence. Stages can be
coupled together to process a sequence of optical pulses corresponding in
number to the number of optical coupling stages In the system, and the
outputs of the stages are coupled via optical switches to an opt- 35  Ical
summing device simultaneously to process the coded data and determine
whether the processing has re- sulted in matching or mis-matching of data.
In one embodiment, the data Is coded In accordance with a Gold code
sequence of M-bits length, and two optical coupling units per stage of M
stages are provided In the optical processing system. The present invention
provides an optical processing device for processing an optical input
signal to de- 40  termine matching or mismatching between the Input signal
and a predetermined reference, the optical proc- essing device comprising a
series of at least two optical couplers each having a principal channel and
a coupled channel, the principal channels of the couplers being connected
In series with a time delay T between adjacent couplers, where T is the
time between successive pulses in the optical input signal, the coupled
channels of the couplers being connected In series with a time delay (dT)
between adjacent couplers which is minimal in 45  comparison to the time
delay [err] characterised In that each optical coupler is pre-settable to
enable or inhibit optical coupling of an input signal from its principal
channel to Its coupled channel in accordance with the pre- determined
reference, the Input signal entering the optical processing device via the
principal channel of the first in the series of optical couplers, and the
output of the optical processing device being taken from the cou- pled
channel of the last of the series of optical couplers, wherein the output
of the optical processing device 50  Is coupled to optical switch means,
the optical switch means being pre-settable to provide an output signal
when the optical Input thereto exceeds a threshold value. Preferably, there
are two optical couplers whereby, for each optical input, there is provided
an optical out- put signal consisting of two outputs separated by time T.
The invention also provides an optical processing system for determining
matching or mis-matching be- 55  tween an optical input signal and a
predetermined reference, the system comprising a plurality of optical proc-
essing devices, each as defined above, each optical processing device
having n optical couplers, the principal channel of each optical processing
device being coupled to the principal channel of an adjacent optical proc-
essing device by a time delay nT, the outputs of the optical switch means
being coupled in parallel to an optical 



2    EP O 439 551 B1 summing unit, the principal and coupled channels being
dimensioned and proportioned such that the outputs of the optical switch
means arrive at the summing unit substantially simultaneously, the optical
summing unit providing an optical output signail for each optical input
signal Input into the optical processing system, the opt- ical output
signal consisting of n optical pulses. 5      Preferably, each optical
processing device includes two optical couplers such that each optical
input pulse is processed into two output pulses separated by time [err] and
the pulses are passed to respective switches from each optical processing
device so that the output of the optical processing system consists of a
stream of optical pulses, and within said stream one optical pulse
represents whether data has been matched or mis- matched and also the level
of mis-match. 10      Preferably, each coupler is programmable to vary the
coding selected by the optical processing system. Conveniently, the optical
processing system Is coupled to synchronising means for synchronising the
out- put pulses with the Input pulses to determine whether matching or
mis-matching has occurred. The invention further provides a method of
detecting matching or mis-matching between an optical input signal and a
predetermined reference, the method comprising the steps of coupling
together a plurality of opt- 15  ical processing devices each as defined
above, coupling the outputs of the optical switch means In parallel to a
summing device, summing the parallel outputs of the optical switch means in
the summing device simulta- neously to provide a summed output which is
representative of pre-set coding of the optical processing devices and
pre-set threshold values of the switch means, and monitoring the output to
determine whether the input data sequence and the predetermined sequence
are matched or mis-matched. 20      Advantageously, the method further
comprises the steps of pre-selecting the coupling ratios in the cou- plers
of each optical processing device to provide a predetermined output code,
providing an output from each optical processing device consisting of a
sequence of optical output pulses, monitoring the magnitude of one of the
optical output pulses of each of said outputs and comparing the monitored
value with a pre-set value, and providing a subsequent output depending on
the result each of said comparisons. 25      Preferably, the optical Input
data sequence comprises a coded sequence of optical Input pulses separated
bytimeT, wherein the output of each optical processing device has a
pluralityof optical output pulses separated by time T, wherein each output
Is compared with a pre-set threshold value to provide a comparator output
signal, the comparator output signals being summed In the summing device
substantially simultaneously to provide an optical system output which
comprises an optical signal having a plurality of optically-summed pulses
sepa- 30  rated by time T, and wherein each optically-summed pulse has a
magnitude determined by the number of opt- ical processing devices.
Conveniently, the summation of output data Is completed when all of the
optical processing devices are fully loaded. Preferably, the output of the
summing device comprises a sequence of optical cumulative pulses corre- 35
spending to the sum of the outputs of the optical processing devices, and
the method further comprises de- tecting when the first optical cumulative
pulse exceeds a pre-set value, triggering monitoring means to monitor the
magnitude of the next cumulative pulse, and providing an output indicative
of matching or the degree of mismatching depending on the value of the
subsequent measured pulse. Embodiments of the Invention will now be
described by way of example with reference to the accompa- 40  nying
drawings, in which:- Figure 1 shows an optical processor having a pair of
optical couplers in accordance with an embodiment of the Invention; Figures
2a and 2b show schematically the propagation of a pair of received optical
pulses through the opt- ical processor of Figure 1; 45      Figure 3 shows
an optical processor system In accordance with an embodiment of the present
invention having M optical processing stages; and Figures 4A, 4B and 4C are
graphs of light density versus time and display pulses received at the
output of terminal 0 of the embodiment shown in Figure 3. With reference to
Figure 1 of the drawings, there Is shown an optical signal processing
device 10 for proc- 50  essing an input signal sequence of binary digits
represented by light pulses, adjacent ones of which are sepa- rated by time
T. For convenience and ease of explanation in this embodiment the input
signal consists of two digits separated by time T. The device 10 comprises
an Input terminal I and an output terminal 0, between which Is connected an
optical coupler unit 12, having two optical couplers 12A, 12B. Each coupler
12A, 12B 



comprises a principal channel 14 with input and output ports, and a coupled
channel 16 also with input and 55   output ports. The principal and coupled
channels 14 and 16 are fibre optic waveguides which are disposed In close
proximity within a support block, as Is well known In the art, so as to
influence the propagation of light from the principal channel tothe coupled
channel. The couplers 12A, 12B allowthe adjustmentof optical power passing
between the principal and coupled channels 14 and 16. A delay device having
a time delay (T) equal 3    EP 0 439 551B1 to the time between pulses is
connected between the output port of the principal channel 14 of the first
coupler 12A and the Input port of the principal channel 14 of the second
coupler 12B. The delay device Is formed In the principal channel 14 by a
length of waveguide (in this case optical fibre). The output port of the
coupled channel 16 of the first coupler l2A is connected to the input port
of the coupled channel 16 of the second coupler 5   12B, a propagation
delay dT being Inherent In the connection, and being considerably smaller
than the time delay T of the principal channel 14. The pulsewidth pT of the
binary digits, which are processed by the device 10, Is also shorter than
the time delay T. The output port of the coupled channel 16 of the second
coupler 12B is connected to the input port of the principal channel 20 of a
switching device 18. The switching device 18 has a switching ratio between
its prin- 10 cipal channel 20 and its coupled channel 22 which is pre-setto
enable or inhibit switching depending on whether the amplitude of the pulse
In its principal channel exceeds a threshold value. Each coupler 12A, 12B
has a coupling ratio between principal and coupled channels which Is
pre-set to enable or inhibit coupling to be rep- resentative of a binary
"1" of binary "0". The optical pulses to be processed are received at the
Input terminal I. The binary digits are representative 15 of data which has
been coded before transmission using a Gold code sequence. A binary digit
pulse In the coded sequence having a value [err] Is transmitted as 1,0 and
a binary digit pulse having a value "O" is trans- mitted as 1, 1. A "1" is
presence of a light pulse, and a "0" Indicates the absence of a light
pulse. By virtue of this coding, the digits received also represent the
address to which binary digits are to be sent Figures 2A and 2B
schematically Illustrate how the device 10 processes a 1,0 and a 1,1 input
sequence 20  respectively. The values of the transmitted form of digits
match or fail to match the pre-set coupling ratios of the first and second
couplers 12A, 12B as will be evident from the following table. 25    Input
Values Assigned to                       Output At O 25 Couplers  12A, 12B
by virtue of their coupling ratio 30    1,0                     1,0
1,0 1, 0                   1, 1                                     1, 1 1,
1                   1, 0                                     1, 1 1, 1
1, 1                                     1,O 35 Figures 2A (i) to (III)
show an example of mis-match whereby a pulse train 1,0 Is received at line
Input 1, but the couplers 12A and 12B represent a 1,1 configured coupler.
With reference to Figure 2A (i), at time t = 0 the output at terminal 20 Is
"I1, that Is there exists a pulse of light at the terminal 20 because the
first received 40  pulse of the pulse train is a "I", and is partly coupled
at the coupler 12A from the principal channel 14 to the coupled channel 18
and then to the terminal 20 with a minimal delay dT due to propagation.
After time T has elapsed, the remainder of the first pulse will have
propagated through the principal channel 14 and the delay device T to the
coupler 12B, where it Is again partly coupled from the channel 14 to the
channel 16 providing an output "I I at the terminal 20. At the same Instant
the "O" received at the input I enters the coupler 12A. A 45  "O" is
representative of the absence of a light pulse; there being no light
coupled In the coupler 1 2A and the output Is "0" which has no effect on
the output of the coupler 12B. Thereafter, the output remains a binary "1".
After a further time T (that Is, an interval of 2T from receiving the first
pulse), the "0" enters the coupler 12B, and the output of the terminal 20
is "0". Over the Interval 2T the output is 1,1,0. As we are only Interested
In the first two digits, the last "0" at the output is redundant, and can
be disregarded. So, for a mis-match between 50  the pulse train (1,0)
received at the input I and the binary digits (1,1) represented by the
coupling ratios of the coupler pair, the output seen at the terminal 20 Is
1,1. From the above table, It will be appreciated that this mis-match also
occurs for an input 1,1 with a pre-set coupling ratio of 1,0. However,
where the Input pulse se- quence is 1,0 and the coupling ratios of couplers
12A and 12B are "1" and "O" respectively, that is a matching 



situation, an output of 1,0 is obtained at the terminal 20. 55      Figures
2B (i) to (iii) show an example of matching wherein the output obtained at
the terminal 20 is not 1,0. In this example, the coupling ratio of the
couplers 12A, 12B represent 1,1 and the input pulse train is 1,1. With
reference to Figure 2B (i), at time t = 0, the output of the terminal 20 is
a "1", because the first received pulse is a "1", and Is partly coupled by
the coupler 12A from the principal channel 14 to the coupled channel 4
EP 0 439 551 B1 16, and then passes to the terminal 20 with minimal
propagation delay dT. In Figure 2B (ii), after time [err] the remainder of
the uncoupled light pulse has propagated through the principal channel 14
and the delay device 16 to the coupler 12B, where It is again partly
coupled from the channel 14 to the channel 16 because the coupling ratio of
coupler 12B represents a binary "1". Simultaneously, the second received
pulse train enters 5   the coupler 12A. It Is also partly coupled from the
channel 14 to the channel 16 by virtue of the coupler 12A coupling ratio;
and, because the propagation delay dT of the channel 16 Is minimal compared
with the delay T In the channel 14, the pulse in the channel 16 propagates
to the coupler 12B. Therefore, at the terminal 20, a pulse having the
effective value of "2" exists, because at the same time part of the pulse
received in the coupler 12B has been 5 coupled tothe channel 16. As
described above, the switching device 18 has a switching 10  ratio which Is
pre-set to enable switching when the amplitude of the pulse at the terminal
20 is greater than a pre-set threshold (for example 1.5) i.e. between 1 and
2. Consequently, the output pulse having an 0 effective value of 2 Is
"dumped on to the line 22 of the switch 18, and a "0" Is present at the
output. After a further delay T, as seen In Figure 2B (iii), the second
received "1 " propagates through the principal channel 14 and the delay
device 16 to the coupler 12B where Is it partly coupled to the channel 16.
However, 15  as mentioned above with reference to Figure 2A, we are only
Interested in the first two digits, so this output Is 1, 0 which is to be
expected for matching. It will be appreciated that the switching device 18
will not "dump" any of the other outputs because no other output will
exceed the threshold value. An embodiment of an optical signal processor is
shown In Figure 3, wherein there is provided an optical signal processor 30
having M processing devices [err] where M is the length of the coded se- 20
quence, for processing M pairs of first and second pulses as mentioned In
the Figure 1 embodiment. The pairs of each of the adjacent pairs of pulses
are each separated by a time Interval 2T. Each of the processing devices
[err] has a respective coupler unit [err]each having a pair of couplers
12A, 12B, each as described In the Figure 1 embodiment and having
respective input and output terminals. The principal channels of the
coupler pairs are connected In series via a time delay 2T exceptfor the
input to the first coupler 25  unit [err] and the output of the last
coupler pair unit [err] The output of each of the coupled channels 16 is
con- nected to a respective switch element [err] of the type hereinbefore
described. Itwill be appreciated that the length a channel with the 2T
delay Is physically longer than the channel having a T delay. Switches 181,
have outputs [err] which are connected in parallel to form M Inputs of an
M- to-one summing device 24. The length of each of the waveguldes Is
dimensioned so that pulses In each channel 30  arrive at the summing device
24 at the same time. The output of the summing device 24 Is connected to
the output terminal 0 at which the output signal Is checked for matching as
will be later described in detail. Reference is now made to Figures 4A to
4C of the accompanying drawings. When the processor is fully loaded (i. e,
when thefirstdigit reaches the last coupler pair 12M) M pairs of digits are
simultaneously processed in the M processing devices [err] and the sum of
all the couplers In the M coupler units 121, 35  122 .12M is M for a
perfect match. That is, for four stages the output is 4,0 as seen in Figure
4A (the match is 4 x (1,0)). Figure 4B depicts the output at terminal 0 for
a total mis-match; and, in this case, the output is 4, 4 which Is formed by
the sum of four mis-matches, that is 4 x (1,1). Figure 4C depicts the
output in the case of a partial mis-match; and, in this case, the output
seen at terminal 0 is 4,X where X is some value between 0 and 4. 40      As
indicated above, the aforementioned outputs shown in Figures 4A, 4B and 4C
are obtained by adding all of the outputs of the M coupler units [err] in
the summing device 24. For the Input code se- quence described, two signals
of interest are present at the outputseparated bytime T. In the optical
processing system shown, the first signal is always a pulse of intensity M,
and hence its magnitude can be disregarded forthe purpose of determining
matching ormis-matching. It will be understood that the magnitude of the
second 45 pulse varies, and this pulse can be used to indicated matching,
total mis-matching or partial mis-matching of the input code sequence.
Thus, the second pulse Is used as the sole indication of whether matching
or mis- matching has occurred. In the embodiment shown, detection is
carried out by first detecting the pulse of magnitude M, In this case 



a magnitude of 4, and the detection of this pulse Is used to trigger a
detectorso that, after a time T has elapsed, 50  the magnitude of the next
pulse detected will indicate whether the system is matched or mis-matched.
This is achieved by setting a threshold value so that the first pulse of
value M = 4 exceeds a threshold, and triggers a detector circuit so that,
after a time T, the next signal can be detected to determine matching or
mis-matching. Detection is achieved using a photodetector which monitors
the output sequence, and which Indicates that the pulse after the maximum
pulse contains the matching Information. An advantage of this method is
that there 55  is no need to synchronise pulse detection with the timing of
pulses Input to the optical processing system. The detection device will
enable the pulse to be monitored to be converted from light to voltage
using, for example, a photodiode and then observed electronically on an
oscilloscope or the like with a degree of mis-match being readily
quantifiable. 5    EP 0 439 551 B1 It will be appreciated thatvarious
modifications may be made to theoptical processing system and method
hereinbefore described without departing from the scope of the invention.
In particular, Figure 3 shows a mod- ification to the embodiment
hereinbefore described in which the matching and mismatching can be
detected using processor, shown In broken outline and generally indicated
by reference numeral 25, which consists of 5   a delay device 26 having an
optical coupler pair26A, 26B, the principal channel of which is coupled to
the output of the summing device 24. The principal channel outputof the
delay device 26 is coupled to the inputof a switch- Ing device 28 of the
same type as switching devices [err] The optical couplers 26A, 26B of the
delay device 26 each have a 50% coupling ratio. This means that, for an
Input pulse of magnitude n, the output of the first optical coupler 26A Is
n/2; and, when this Is passed to the second coupler 26B, the output is n/4.
10  When a second pulse of zero magnitude is received, for a perfect match,
the output from the second coupler 26B consists of n/4 + 0 because there Is
no output from the second matching pulse. The output n/4 Is fed to the
switching device 28 and passes straight through when there is a perfect
match between the input data and the sequence programmed Into the
processor. In the case of a total mis-match, that Is for two pulses of n
separated by time T being received from the 15  output of the summing
device 26, the output from the second coupler 26B Is n/4. However, the
output corre- sponding to the second pulse Is also n/4 because of the 50%
coupling ratio of each coupler. Therefore, the output at time t + T Is n/2
(n/4 + n/4), and this Is dumped by the switch 28. The threshold of the
switch 28 is set such that, for any output greater than n/4, It is dumped,
so that only an output indicative of a match is passed straight through the
switch. 20      A further modification to the method of detecting whether
matching or mis-matching has occurred, is to synchronise a detector at an
output of the summing device 24 such that the detector Is switched to
detect the pulse of Interest at an interval equal to the sum of all the
time delays of the processor, not including time delay 26 if the unit25 Is
connected to the summing device. The pulse of interest Is, of course, the
pulse which Indicates whetherthere is total matching, total mis-matching or
partial mis-matching of the input signal in the optical proc- 25  essing
system. This interval is given by the formula: Where M is the number of
processing devices                      [err] T is the time Interval
between successive pulses, and 30   n is the number of optical units per
processing device. This means that, for each Input pulse after the time
Interval given by the above formula, the switch is syn- chronised to detect
whether matching or mis-matching has occurred for the input data. However,
the aforede- scribed method of using the first received pulse of amplitude
M as a trigger for sampling the next pulse is pre- ferred because of Its
simplicity. 35 It will be appreciated that, by virtue of the
pre-transmission coding of data, any number of pulses may be used to
process an input binary pulse, for example, In each processing device 101,
102 ....... 1OM three or more optical couplers could be used to process
(translate) each Input pulse into three or more output pulses. The number
of couplers In each processing device [err], determines the number of
pulses per input binary digit. The expression N = nM determines the total
number of pulses (N) received by the processor where 40   n Is the number
of optical couplers per processing device [err]and M is the number of proc-
essing devices. Processing such data to determine matching or mis-matching
may be carried out as described above. It will be understood that, in such
an optical processing system, a serially-connected principal channel is
provided and the coupled channels of each of the stages are connected In
parallel to switching units which can be pre-set to pass selected outputs
to a summing device in a manner as hereinbefore described. 



45     It will also be understood that each of the processing devices 101,
102 .......... 10M is separated by time nT, where n is an integer and is
the number of cou piers per processing device, and that the optical
waveguide used to create the time delay nT can be a long length of optical
fibre coiled onto a drum or the like. In addition, the Gold code sequence
can be replaced by any suitable code which has a large number of orthogonal
sequences, and which has an auto-correlation function as large as possible
and a cross-correlation function as small as 50  possible. A signal
processor as hereinbefore described can be formed using discrete optical
components or as a single Integrated optical device. The principal
advantage of an optical processing unit is speed of operation and immunity
to noise. The optical processor has application in local area networks
where a large number of assignable addresses are required. 55      In
particular, it will be understood that the application in local area
networks Is to select a particular stream of data out of many such streams.
Thus, the matching or mismatching performed by the optical processing
system will enable signals having the correct header codes to be correctly
selected. It will also be appreciated that the optical processing system
herein before described can be organised to increase or decrease the num- 6
EP 0 439 551 B1 ber of processing devices, and the particular coding
selected by the optical processing system can be varied by using individual
couplers which are programmable. Therefore, the processing devices in a
particular optical processing system can be reconfigured by external
programming to vary the coding sequence to match that of the Input code and
thus select a particular Input signal of corresponding data. Such
re-programming of the 5   optical processing system can be done
remotelyfrom a central processing unit, orthis could be achieved locally if
it was known which particular code was to be received by the local station.
It will be also appreciated that the programmable device may be controlled
electrically, optically or acoust- ically. Electrical control is preferred,
and includes an electro-optical substrate, such as lithium niobate, which
allows an electrical signal to be applied to the coupler and the optical
properties of the coupler to be set. This 10  can result in a change in
coupling ratio from an enable condition (that Is, coupling) to an Inhibit
condition (that is, no-coupling) or vice-versa. Claims 15 1.  An optical
processing device (10) for processing an optical input signal to determine
matching or mis- matching between the Input signal and a predetermined
reference, the optical processing device com- prising a series of at least
two optical couplers (12A, 12B) each having a principal channel (14) and a
cou- pled channel (18) the principal channels of the couplers being
connected In series with a time delay T 20       between adjacent couplers,
where T is the time between successive pulses In the optical Input signal,
the coupled channels of the couplers being connected in series with a time
delay (dT) between adjacent couplers which is minimal in comparison to the
time delay T, characterised in that each optical coupler is pre-settable to
enable or inhibit optical coupling of an Input signal from Its principal
channel to its coupled channel in accordance with the predetermined
reference, the input signal entering the optical processing 25.      device
via the principal channel of the first in the series of optical couplers,
and the output of the optical processing device being taken from the
coupled channel of the last of the series of optical couplers, where- in
the output of the optical processing device is coupled to optical switch
means (18), the optical switch means being pre-settable to provide an
output signal when the optical input thereto exceeds a threshold value. 30
2.  An optical processing device as claimed In claim 1, wherein there are
two optical couplers (12A, 12B) whereby, for each optical input pulse,
there Is provided an optical output signal consisting of two outputs
separated by time T. 35  3.  An optical processing system for determining
matching or mismatching between an optical input signal and a predetermined
reference, the system comprising a plurality of optical processing devices
[err] [err] each as claimed in claim 1 or claim 2, each optical processing
device having n optical cou- plers (12A, 12B), the principal channel (14)of
each optical processing device being coupled to the principal channel (14)
of an adjacent optical processing device by a time delay nT, the outputs of
the optical switch 40       means [err] being coupled in parallel to an
optical summing unit (24), the principal and cou- pled channels being
dimensioned and proportioned such that the outputs of the optical switch
means ar- rive at the summing unit substantially simultaneously, the
optical summing unit providing an optical output 



signal for each optical input signal input into the optical processing
system, the optical output signal con- sisting of n optical pulses. 4.  An
optical processing system as claimed In claim 3, wherein each coupler (12A,
12B) is programmable to vary the coding selected by the optical processing
system. 5.  An optical processing system as claimed In claim 3 or claim 4,
wherein each optical processing device [err] includes two optical couplers
(12A, 12B) such that each optical input pulse is proc- essed into two
output pulses separated by time T, and the pulses are passed to respective
switches ([err] [err]) from each optical processing device so that the
output of the optical processing system consists of a stream of optical
pulses, and within said stream one optical pulse represents whether data
has been matched or mismatched and also any level of mis-match. 55   6.  An
optical processing system as claimed in anyone of claims 3 to 5, wherein
the optical processing system is coupled to synchronising means for
synchronising the output pulses with the input pulses to determine whether
matching or mis-matching has occurred. 7    ber of processing devices, and
the particular coding selected by the optical processing system can be
varied by using Individual couplers which are programmable. Therefore, the
processing devices In a particular optical processing system can be
reconfigured by external programming to vary the coding sequence to match
that of the input code and thus select a particular Input signal of
corresponding data. Such re-programming of the 5   optical processing
system can be done remotely from a central processing unit, orthis could be
achieved locally If it was known which particular code was to be received
by the local station. It will be also appreciated that the programmable
device may be controlled electrically, optically or acoust- ically.
Electrical control Is preferred, and includes an electro-optical substrate,
such as lithium niobate, which allows an electrical signal to be applied to
the coupler and the optical properties of the coupler to be set. This 10
can result in a change in coupling ratio from an enable condition (that is,
coupling) to an inhibit condition (that is, no-coupling) or vice-versa.
Claims 16 1. An optical processing device (10) for processing an optical
Input signal to determine matching or mis- matching between the Input
signal and a predetermined reference, the optical processing device com-
prising a series of at least two optical couplers (12A, 12B) each having a
principal channel (14) and a cou- pled channel (16) the principal channels
of the couplers being connected in series with a time delay T 20
between adjacent couplers, where T Is the time between successive pulses In
the optical input signal, the coupled channels of the couplers being
connected In series with a time delay (dT) between adjacent couplers which
is minimal In comparison to the time delay T, characterised In that each
optical coupler is pre-settable to enable or inhibit optical coupling of an
input signal from its principal channel to its coupled channel in
accordance with the predetermined reference, the input signal entering the
optical processing 25      device via the principal channel of the first in
the series of optical couplers, and the output of the optical processing
device being taken from the coupled channel of the last of the series of
optical couplers, where- in the output of the optical processing device is
coupled to optical switch means (18), the optical switch means being
pre-settable to provide an output signal when the optical input thereto
exceeds a threshold value. 30 2.  An optical processing device as claimed
In claim 1, wherein there are two optical couplers (12A, 12B) whereby, for
each optical Input pulse, there is provided an optical output signal
consisting of two outputs separated by time T. 35  3. An optical processing
system for determining matching or mis-matching between an optical input
signal and a predetermined reference, the system comprising a plurality of
optical processing devices [err] [err]) each as claimed In claim I or claim
2, each optical processing device having n optical cou- plers (12A, 12B),
the principal channel (14) of each optical processing device being coupled
to the principal channel (14) of an adjacent optical processing device by a
time delay nT, the outputs of the optical switch means ([err]) being
coupled in parallel to an optical summing unit (24), the principal and cou-
pled channels being dimensioned and proportioned such that the outputs of
the optical switch means ar- rive at the summing unitsubstantially
simultaneously, the optical summing unit providing an optical output signal
for each optical input signal Input Into the optical processing system, the
optical output signal con- sisting of n optical pulses. 



4. An optical processing system as claimed In claim 3, wherein each coupler
(12A, 12B) Is programmable to vary the coding selected by the optical
processing system. 5. An optical processing system as claimed In claim 3 or
claim 4, wherein each optical processing device [err]) Includes two optical
couplers (12A, 12B) such that each optical Input pulse is proc- eased into
two output pulses separated by time T, and the pulses are passed to
respective switches [err] 182.    18M) from each optical processing device
so that the output of the optical processing system consists of a stream of
optical pulses, and within said stream one optical pulse represents whether
data has been matched or mismatched and also any level of mis-match. 55 6.
An optical processing system as claimed in any one of claims 3 to 5,
wherein the optical processing system Is coupled to synchronising means
forsynchronising the output pulses with the input pulses to determine
whether matching or mis-matching has occurred. 7    7. Amethodof detecting
matchingormis-matching betweenanoptical inputsignal anda predetermined ref-
erence, the method comprising the steps of coupling together a plurality of
optical processing devices (10) each as claimed In claim 1 or claim 2,
coupling the outputs [err] of the optical switch means [err] in parallel to
a summing device (24), summing the parallel outputs of the optical switch 5
means In the summing device simultaneously to provide a summed output which
is representative of pre- set coding of the optical processing devices and
pre-set threshold values of the switch means, and mon- itoring the output
to determine whether the input data sequence and the predetermined sequence
are matched or mis-matched. 10  8. A method as claimed in claim 7, further
comprising the steps of pre-selecting the coupling ratios in the couplers
(12A, 12B) of each optical processing device (10) to provide a
predetermined output code, pro- viding an output from each optical
processing device consisting of a sequence of optical output pulses,
monitoring the magnitude of one of the optical output pulses of each of
said outputs and comparing the monitored value with a pre-set value, and
providing a subsequent output depending on the result each of 15      said
comparisons. 9. A method as claimed in claim 7, wherein the optical Input
data sequence comprises a coded sequence of optical input pulses separated
by time T, wherein the output of each optical processing device has a
plurality of optical output pulses separated by time T, wherein each output
is compared with a pre-set 20      threshold value to provide a comparator
output signal, the comparator output signals being summed In the summing
device (24) substantially simultaneously to provide an optical system
outputwhich comprises an optical signal having a plurality of
optically-summed pulses separated by time T. and wherein each
optically-summed pulse has a magnitude determined by the number of optical
processing devices. 25  10. A method as claimed in any one of claims 7 to
9, wherein the summation of output data is completed when all of the
optical processing devices are fully loaded. 11. A method as claimed In
anyone of clalms 7 to 10, wherein the outputof the summing device (24)
comprises a sequence of optical cumulative pulses corresponding to the sum
of the outputs of the optical processing devices (10), and the method
further comprises detecting when the first optical cumulative pulse exceeds
30      a pre-set value, triggering monitoring means (25) to monitor the
magnitude of the next cumulative pulse, and providing an output Indicative
of matching or the degree of mismatching depending on the value of the
subsequent measured pulse. 35 PatentansprOche 1. Optische
Prozessorvorrichtung (10) fOr die Verarbeltung sines optischen
Eingangssignals, urn die Ober- elnstimmung oder Nicht-Obereinstimmung
zwischen dem Eingabesignal und elner vorgegebenen Refs- renz zu ermitteln,
welche Prozessorvorrichtung eine Relhe von wenigstens zwei optischen
Richtkopplern 40      (12A, 12B), jeweils mit einem Hauptkanal (14) und
einem gekoppelten Kanal (16) umfapt, wobei die Hauptkangle der Koppler mit
einerZeltverz8gerung Tzwischen benachbarten Kopplern in Reihe verbun- den
sind, wobel T die Zeit zwischen aufelinanderfolgenden Pulsen Im optischen
Eingabesignal ist, wobel die gekoppelten Kangle'der Koppler mit
einerZeltverz8gerung (dT) zwischen benachbarten Kopplern In Relhe verbunden
sind, die Im Vergliech zur Zeitverzogerung T minimal ist, 45      dadurch
gekennzelchnet, dall jederoptische Richtkopplervoreinstellbarist, urn die
optische Koppiung eines Eingabesignals von seinem Hauptkanal In den
gekoppelten Kanal geml8 der vorgegebenen Referenz zu ermoglichen oder zu
sper- ren, wobel das Eingabesignal fiber den Hauptkanal des ersten In der
Reihe von optlschen Richtkopplern In die optische Prozessorvorrichtung
elntritt und die Ausgabe der optiechen Prozessorvorrichtung vom 



so      gekoppelten Kanal des letzten aus der Reihe von optischen
Richtkopplern abgenommen wird, wobel die Ausgabe der optischen
Prozessorvorrichtung an ein optisches Schaltmittel (18) gekoppelt ist, das
vor- einstellbar Ist, urn in Ausgabesignal zu Ilefern, wenn seine optiache
Elngabe einen Schwellwert Ober- schreitet. 55  2.  Optische
Prozessorvorrichtung nach Anspruch 1, mit zwel optischen Richtkopplern
(12A, 12B), wodurch fOr jeden optischen Eingabepuls sin optisches
Ausgabesignal erzeugt wird, das aus zwel Ausgaben mit dem Zeitabstand T
besteht. 8    * C   L  M4  S 3. Optlsches Prozessorsystsm zum Bestimmen der
Obereinstimmung oder Nicht-Obereinstimmung sines optischen Eingabesignals
mit elner vorgegebenen Referenz, das eine Mehrzahl optischer prozessorvor-
richtungen (lOs, 102, ... 10M)jeweils nach Anspruch I oderAnspruch 2
umfa~t, wobeijede optische Pro- zessorvorrichtung n optische Richtlcoppler
(12A, 128) umfalt, wobel der Hauptkanal (14) elnerjeden op- 5       tischen
Prozessorvorrichtung mit dem Hauptkanal (14) einer benachbarten optischen
Prozessorvorrich- tung Oiber elne Zeitverz6gerung nT verbunden ist, wobel
die Ausgange der optischen Schaltmittel (21, 212, ... 21 M) parallel an
eine optische Summatlonselnhelt (24) gekoppelt sind, wobel die Hauptkanale
und die gekoppelten Kanale so bemessen und proportloniert sind, daM die
Ausgaben der optischen Schalt- mittel die Summationseinheit Im wesentlichen
gleichzeitig erreichen, wobei die optische Summationsein- 10      heit ein
optisches Ausgabesignal fOrjedes in das optische Prozessorsystern
eingegebene Eingabesignal erzeugt und das optische Ausgabesignal aus n
optischen Pulsen besteht. 4. Optisches Prozessorsystem nach Anspruch 3, bei
dem jeder Koppler (12A, 12B) programmierbar Ist, um die vom optischen
Prozessorsystem gewahlte Codlerung zu verandern. 15 5. Optisches
Prozessorsystem nach Anspruch 3 oderAnspruch 4, bel dem jede optische
Prozessorvorrich- tung (1 0, 102, ... IOM) zwei optische Richtkoppler (12A,
12B) enthilt, so daB jeder optische Eingabepuls zu zwei Ausgabepulsen mit
dem Zeltabstand T verarbeitst wird und die Pulse von jeder optischen Pro-
zessorvorrichtung zu entsprechenden Schaltern (18w, 182, ... 18M)
weltergegeben werden, so daB die 20      Ausgabe des optischen
Prozessorsystems aus elnem Strom optischer Pulse besteht, und da l in dem
Strom ein optischer Puls die Obereinstimmung oder Nicht-0bereinstimmung von
Daten sowie eln Maa der Nicht-Obereinstimmung angibt. 6. Optisches
Prozessorsystem nach elnem derAnsprOche 3 bis 5, das an Synchronisiermittel
gekoppelt Ist, um die Ausgabepulse mit den Eingabepulsen zu
synchronisleren, um zu ermittein, ob Obereinstimmung 25      oder
Nicht-Obereinstimmung aulgetreten Ist. 7. Verfahren zur Erfassung der
Oberelnstimmung oder Nicht-Oberelnstimmung zwischen einem optischen
Eingabesignal und elnervorgegebenen Referenz, mitden Schritten des
Anelnanderkoppelne einer Mehr- zahl optischer Prozessorvorrichtungen (10)
nach Anspruch I oder Anspruch 2, Paralleikoppeln der Aus- 30      gaben (21
, 212, ... 21m) deroptischen Schaltmittel (18j, 182, ... 18m) an
elneSummationsvorrichtung (24), simultanes Summieren der parallelen
Ausgaben der optischen Schaitmittel In der Summationevorrich- tung, urn
eine summlerte Ausgabe zu erzeugen, die fOrelne voreingestellte Codierung
der optischen Pro- zessorvorrichtungen und voreingesteilte Schwellwerte der
Schaltmittel reprasentativ ist, und Oberwa- chen derAusgabe, urn zu
bestimmen, ob die Eingabedatenfolge und die vorgegebene Folge ribereinstim-
men oder nicht. 8. Verfahren nach Anspruch 7, zusltzlich mit den Schritten
der Vorwahl der Kopplungsverhiltnisse In den Kopplern (12A, 128) jeder
optischen Prozessorvorrichtung (10), um einen vorgegebenen Ausgabecode zu
erzeugen, Erzeugen einer Ausgabe einer jeden optischen
Prozessorvorrichtung, die aus elner Folge 40      optischer Ausgabepulse
bestsht, Oberwachen der Starke elnes der optischen Ausgabepulse jeder
dieser Ausgaben und Verglelchen des uberwachten Werts mit elnem
voreingesteliten Wert, und Erzeugen elner darauffolgenden Ausgabe in
Abhgnglgkelt vom Ergebnis eines jeden Verglelchs. 9. Verfahren nach
Anspruch 7, bel dem die optische Elngabedatenfolge elne codierte Folge
optischer Emn- 45      gabepulse mit dem Zeltabstand T umfalt, wobel die
Ausgabe jeder optischen Prozessorvorrichtung eine Mehrzahl optischer
Ausgabepulse mit dem Zeitabstand T umfalt, wobei jede Ausgabe mit elnem
vorein- gestellten Schwellwert vergilchen wird, umr en
Komparatorausgabesignal zu erzeugen, die Komparator- ausgabesignale in der
Summatlonsvorrichtung (24) Im wesentlichen glelchzeltig summiert werden, um
elne Ausgabe des optischen Systems zu erzeugen, die eln optisches Signal
mit elner Mehrzahl optisch co      summierter Pulse mit dem Zeitabstand T
umfait und wobel jeder optisch summierte Puls elne durch die 



Anzahl optischer Prozessorvorichtungen bestimmte Starke hat. 10. Verfahren
nach elnem der Ansprtche 7 bis 9, bei dem die Summation der Ausgabedaten
beendet wird, wenn alle optischen Prozessorvorrichtungen volistandig
geladen sind. 55 11. Verfahren nach einem derAnsprLiche 7 blb 10, bei dem
die Ausgabe der Summatlonsvorrichtung (24) sIne Folge von kumulativen
optischen Pulsen umfaht, die der Summe der Ausgaben der optischen
Prozessor- vorrichtungen (10) entsprechen, und bel dom das Verfahren
au~erdem umfaSt: Erfassen, wann der erste 9    EP 0 439 551 Si
!                  N1111111 h1iti I I  lIII kumulative optische Puls einen
voreingestellten Wert Oberschritet, Ausl8sen von Oberwachungsmitteln (25)
zur Oberwachung der Stirke des nachsten kumulativen Pulses und Erzeugen
einer die Obereinstim- mung oder den Grad der Nicht-Obereinstimmung
anzeigenden Ausgabe in Abhangigkeit vom Wert des nachfolgenden gemessenen
Pulses. 5 Revendications 1. Un dispositif de traitement optIque (10)
servant a traiter un signal d'entree optique afin de debtrminer *o      une
concordance ou une discordance entre le signal d'entree et une reference
pr6diterminee, le dlspositif de traitement optique comprenant une s6rie
d'au moins deux coupleurs optiques (12A, 12B) comprenant chacun un canal
principal (14) et un canal coupl6 (16), les canaux principaux des coupleurs
6tant relies en serle avec un retard de temps T entre coupleurs adjacents,
oO T est le temps compris entre lee im- pulsions successives dens le signal
d'entrse optique, les canaux couples des coupleurs etant rellis en 15
serie avec un retard de temps (dT) entre coupleurs adjacents qui eat
minimal par rapport au retard de temps T. caracteris6 en ce que chaque
coupleur optique eat reglable au prealable pour permettre ou em- pecher un
couplage optique du signal d'entree A partirde son canal principal vers son
canal couplI confor- m6ment A la rnfirence predtebrmnine, le signal
d'entree entrant dans le dispositif de traltement optique
parl'intsrmedbaire du canal principal du premlerdes coupleurs optiques de
la srie, et Ia sortie du dispositif 20      de traitement optique etant
prise au canal couplI du dernier de la serie de coupleurs optiques, la
sortie du dispositif de traitementoptique etant couplee A un moyen
commutateuroptique (18), le mayen commu- tabeur optique etant riglable au
prealable de maniere A produire un signal de sortie lorsque l'entree op-
tique qui y parvient depasse une valour de seull. 25  2.  Un dispositif de
traitement optique selon la revendication 1, dans lequel il existb deux
coupleurs optiques (12A, 12B), grAce A quol il est prodult, pourchaque
Impulsion d'entree optique, un signal de sortie optique consistant on deux
sorties optiques ssparees par un temps T. 3.  Un systeme de traltement
optique servant A deitrminer une concordance ou une discordance entro un 30
signal d'entree optique et une reference prediterminee, le systeme
comprenant une serie de dispositifs de traitement optiques (101,102, ...
1OM) conformes chacun A la revendication I ou A la revendication 2, chaque
dispositif de traitementoptique comprenantdes coupleurs optiques (12A,
12B), le canal principal (14) de chaque dispositif de traitement optique
etant couplI au canal principal (14) d'un dispositif de tral- tement
optique adjacent par un retard de temps nT, les sorties des dispositifa
commutateurs optiques 35      (211,212, ... 21 M) etant couples en
parallele A une unite de sommation optique (24), les canaux principaux et
couples etant dimensionnes et proportionnes d'une maniere tile quo les
sorties des moyens commu- tateurs optiques arrivent de fagon sensiblement
simultanee A i'unite de sommation, I'unite de sommation produisant un
signal de sortie optique pour chaque entree de signal d'entree optique dans
Is systeme de traitement optique, ce signal de sortie optique consistant en
n impulsions optiques. 4.  Un systeme de traitement optique selon la
rovendication 3, dana lequel chaque coupleur (12A, 12B) eat programmable de
facon A provoquer une variation du codage choisi par le systeme de
traitement optique. 5.  Un systeme de traibtment optique selon la
revendication 3 ou la revendication 4, dans lequel chaque dis- positif de
traltement optique (101,102, ... 1Om) Inclut deux coupleurs optiques (12A,
12B) tole que chaque impulsion d'entree optique eat traitie en deux
impulsions de sortie separies par un temps T, et les im- pulsions sont
onvoyees A partir de chaque dispositif de traltement optique vers des
commutateurs res- pectifs (1 81, 182, ... 1 8m) de sortb quo la sortie du
systeme de traltement optique consiste en un train d'im- pulsions optiques,
et une Impulsion optique dudit train indique ai la donnee est en
concordance ou eat en discordance, ainsi quo tout niveau de discordance. 60
6. Un systeme de traitement optique selon l'une quelconque des
revendicatlons 3 A 5, dans lequel le systeme 



de tralitment optique eat coupl6 a un moyen de synchronisation aWin de
synchronbser lea impulsions de sortie avec lee impulsions d'ontree de
maniAre A dteorminer s'il s'est produit une concordance ou une discordance.
56 7. Un procede de detection de concordance ou de discordance entre un
signal d'entree optique et une re- ference Ia predtebrmin6e, le procede
compronant lea etapes consistent A coupler entre eux une sarie de
dispositife de traitement optiques (10), conformes chacun A la
revendication I ou A la revendication 2, 10    C   L  M  S; coupler les
sorties (211, 212,... 21M) des moyens commutateurs optiques (I81, 182,...
18M) en paralible A un dispositif de sommation (24), sommer simultan6ment
dans le dispositif de sommation les sorties paralhlees des moyens
commutateurs optiques afin de produire une sortie sommee qui est
representative d'un codage preetabii des dispositifs de traitemont optiques
et do valeurs preetablies de seuil des moyens 5       commutatburs, et
surveliler la sortie afn de determiner 81 la sequence de donnee d'entree et
la sdquence pr6d6termin6e sont en concordance ou en discordance. 8. Un
procede selon la revendication 7, comprenant on outre lea 6tapes consistent
a choisir au pr6alable les rapports de couplage des coupleurs (12A, 12B) de
chaque dispositif de traltement optiques (10) afin 10      de produire un
code de sortie pr6d6termin6, produire A partir de chaque dispositif de
traitement optique une sortie consistent en uno sequence d'impulslons de
sorties optiques, surveillerl'amplltude de chacune des impulsions de
sorties optiques de chacune desdites sorties et comparer la valour
surveillie avec une valeur preetablie, et produire une sortie ultefieure
qui depend du r6sultat de chacune desdites comparal- sons. 15 9.  Un
proc6d6 selon la revendlcation 7, dans loquel Ia s6quence de donn6e
d'entree optique comprend une se6quence codee d'impulsions d'entr6e
optiques s6par6es par un temps T, dans loquel la sortie de chaque
dispositif de traitement optique comprend une s6rie d'Impulsions optiques
de sortie s6parbes par un temps T, dans lequel chaque sortie estcomparee
Aune valeur de seull prhetabli afin de r6ealiserun signal de sortie de
comparateur, lee signaux de sortie des comparateurs 6tant sommes dans Io
dispositif de som- mation (24) de facon sensiblement simultn6e afIn de
r6ealiser une sortie de systeme optique qul comprend un signal optique
Incluant une serie d'impulsions optiquement sommees, separees par un temps
T, et dans lequel i'amplitude de chaque impulsion optiquement sommee est
diterminie par le nom- bro de dispositife de traitement optiques. 10. Un
procede selon lune quelconque des revendications 7 A 9, dens lequel la
sommation de donnee de sortie oet achevee lorsque tous lee dispositifs de
traltement optiques sont completement charges. 11. Un procbd6 selon l'une
quelconque des revendications 7 A 10, dens lequel la sortie du dispositif
de som- mation (24) comprend une sequence d'impulsions optiques cumulatives
correspondent A la somme des 30      sortles des dispositifa de
traibtmentoptiques (10), et le proceid comprend en outre une ditection de
Pins- tant ob la premiere impulsion optique cumulative dipasse une valour
prnbtablie, un declenchement d'un moyen de surveillance (25) pour
surveiller l'amplitude de l'impulsion cumulative suivante, et la production
d'une sortie indicative de la concordance ou du degrI de discordance selon
la valeur de I'l mpulsion uWtM- rieurs mesuree. 35 40 45 50 55    


