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P OPTI CAL PROCESSI NG This invention

| reldtes to optical processing in networks! - carrying packetised signals,

and in particular to an all- optical code recognition unit for such a
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video on demand (video library), video telephony, interactive
graphics and high-speed data services.

20 Although the importance of providing such services has
been recognised for some time, it is difficult for
telecommunications operating companies to predict their market
potential and therefore justify a major investment. What is
required is an entry strategy that allows optical technology

25 to be installed economically for telephony and low-speed data
services, while maintaining the potential for evolution at a
marginal cost for future broadband services. ,

In known optical networks, routing of information is
achieved at each node by electronic means, that is to say by

30 detecting the received optical signal to give an electrical
signal (plus detector noise). This electrical signal must be
regenereted, after processing and switching to remove the
noise, before the signal 1is re-transmitted optically.
Regeneration is bit-rate dependent, and so restricts the

35 information type that can be carried, thereby preventing the
transmission of broadband services. The need for regeneration
could be removed by coupling off, at each node, part of the
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35 information type that can be carried,_ tLhereby preventing the
transm ssion of broadband services. The need for regeneration coul d be
renoved by coupling off, at each node, part of the received

optical sigaaleivdd® ofOUPled-9fEnadl ONhe PRIGUDLea AW ETd £4nIP ABeing

el ectronic signal which is electronically . processed, the_renai ning
uncoupl ed ofPPYRILtEdNEP B n@leetronicofiigpady “hheh diSectldffronically
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el ectronic piecessord ccaprowesshngui tlikings (etvehelyr deimdt theanpeesbhde)
it requires_.aghelati vglky chan | of; 4 orgder of wwor t
process, andgp grle orﬁktgh%eg?%%%%nﬁl%g%' %ﬁcé%gé?l %ﬁtg of ﬁ%e i 8Eal.
In this schéxeadiradyneetptess isophPEalPAYrdAal-s dethyed @dihayghethe
processing biBBt¥ndcl ObBocess 8A0IAOf sptERalqdildiiey 2B tihe VRdeRISb¥
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capaci t yoof ofhainetweckndy ) torpduacess,t hadptheesfong tondecidetupohytheul d
this increa i t wor I SO c
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si gnal procensiggli signil kadielard duwl iphrthiec pracessimedtéame byopt - eas

routing in Bef¥8NoRebyel kaiv #ipAepeih WrQR bBGiBak¥eincrehstBatnaes yoEk.
A particularly advantageous type of opti cal network is the recently
devel oped t@FepBRERySHLECR RGsPEe.  optical networks (TPON). This type of
network 15as no opitiicadgd FoutEapneSnentbifbtlidnt @tSahal hofiés Mofalsudecghve

all the information transmtted by the change. . . (On t he, mai-
Sdvant ages GPFSFRN BECTRER MO LaRTdAhr EhenaanertEHo AT s Ehe Pt VBERRE
custoners. rdfiueing hheapswcEssigmodsins.t - rddt asbg would HhERONM nerease

20Moi t/s (cp EGQ?EQEEE)} h@ @hlao}ﬁ{e%g%%, VS 301608 s Ut ls & @ vast
processing chips); -and“this 1's divide

delay lengths of optical fibre otherwise required. Optical

20 signal processing is well known, but the particular method of
optical routing in a given network will depend upon the nature

of that network. 2 particularly advantageous type of optical
network is the recently developed telephony over passive
optical networks (TPON). This type of network has no routing

25 mechanisms, that is to say all terminals receive all the
information transmitted by-fhe exchange. One of the main
advantages offered by TPON is the ability to move transmission
between customers. This is because the gross bit-rate used
with TPON is 20Mbit/s (chosen mainly to allow cheap CMOS

30 realisation of signal processing chips), and this is divided
into a basic granularity of 8kbit/s, that is to say 8kbit/s is
the basic transmission unit that can be moved from customer to
customer (or can be summed to provide channels of nx8kbit/s
capacity). This ability suggests that TPON will Dbe

35 particularly-applicable to the small business sector. TPON
also shows great promise for the economic provision of optical
fibre to the telephony customer, with major potential for

later extension. to broadband integrated services digital
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i..nto‘a basic granularity of 8kbit/s, that .is to say 8kbit/s is t he basic
transm ssion unit that can be noved from éuStoner to custoner (or can be
sumed to provide channels of nx8kbit/s capacity). This ability
suggests that TPON _w II be 35 particularly applicable to the snall

busi ness seBEGFOTXSTEERPN)- 5| 5o shows great prom se for the econonic
provision of optlircalrder toberhamce meadayepdonamlsiexebi luityhoffafhe core
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is planned as repl acenent for, the present %nchronous trunk

and JunctuoﬁsﬁéF%GPI@us PREDHARSt wotAetion pgtYarkive ABuFDHi rRRtwEeKk
| evel s, wwbuadpme/e foRld Ca@l fferentetlwiidls(POM tAt 4 hpakoiest 4pfecess)

I I d hi acity,.routed net k at the upper (lnner re or
Long Haul) "eBvPEYe (PONFREY ne"clSer, cfhceiel pasl: « REdhog: Frdm
opticall y coapaoclikgdronvedi mgt;wo:als dthithe luppelr (Egunere€oreher Long|Hawgkkst
capact o  TBELNCI AR DRANACLLY 1QUMN Stbdla! BEnesic AGEESROLE!Sron

(because of fhe addition of extra service however, bene
fromthe userbicepivcapntsaling. raating, t h‘=€5 Asddss level, lquIll%r%ﬁw%ed

that there "‘Q.‘e'bés?ecﬁbércity THO Ul n ESHSS lﬂobﬂﬁﬁcieyeééﬁuﬁl%a at lthe
woul d, therefore, ossible t dre eac %Mw dual node%tg/ a)f
o oy o akseEs TanahicnBagaudac P o dhes Bt Eion| P BEES BFRTLAERY our
pernmut at i ornsouﬂa howénerpebendint lflﬂ‘phlelﬂfhbt use af Spiiceiwadutitdeat At
ach! eve%s gng ASNLL! LLYRnd, SUPEOLLS: LUBEH' (RLgCRhNR IR il Wikey

i S basé Wi I°C I data

servi ces, on pac Ret s chrn currently
net wor ks wh&per eacgessr amldmﬁmhoc&ﬁwd)ln nede. eqU|Irted~rould Therpfou:ecolkse

required fof,s4Eh1 8 B¥ShaALELR! aaehSQHaa%&aﬁgaeqod%Sbarefahgfésae%r of code
correcti ng, retransmitti ng or re-routl ng
;equences,’ each code seduence allow1ng up to sixty-four

B permutations.

_ 20 One method of implementing an SDH network, that achieves
flexibility and supports the divergent needs of future
services, is based on packet switching which is currently used
in data networks where error-free communication is required.
The protocols required for such a system contain sophisticated

25 methods for correcting, retransmitting or re-routing packets,
and so need a lot of processing which can cause long delays.
To accommodate delay-critical, but error-tolerant services,
such as voice, a much simpler protocol can be used to minimise
the processing time required. An example of this technique,
30 which is known as asynchronous transfer mode (ATM) is used for
fast packet switching or asynchronous time division (ATD).
ATM is a label multiplexing technigque that uses short,
fixed-length packets, or cells. The ATM cells are short to
reduce packetisation delay, and are of fixed length to make it
35 easier to bound delays through switches and multiplexers.
They have short labels (or headers) to allow cells to be
routed, at high speeds, by means of hardware routing tables at
each switch. For large transmission bandwidths (~1Gbit/s or
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and ‘so.need a |l ot of processing which can cguse | ong del ays. To
‘accommpdat e del ay-critical, but error-tolerant services, such as
voi-ce, a nmuch sinpler protocol can be used to mnimse t he processing
time required

asynchr onous '{‘Cr’a? f.g?rl(iagp'l %‘(‘ﬁ#\/)maﬁ" Egg’ggé?ggffegg Mﬂ# cxifc{&q'gwl < %’lncgalory

asynchronous Yiagodt¥fsalonodaTBpcognition (PERDis a | abel multiplexing

techni que that Us@ﬁeSBQERet &eaciéﬁ%%d %%Qmﬂ%%‘ﬁt §1e9&s CRhd € be EparMea
cells are short to red UW ketisatiaon V\%/ and are of fixed | ength
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i gh speeds, | nmeans o re routln t abl es each switc r
e P r oo X SRCEEn 0F dhe W g il Sa a5 Tne resFEHaS Wik or el
- 4 noregtidal code i recomyl thicomosti tef (GERU Melspo pdratothed OORU, C dding

via optical gni AR OQB% I t ng. -
i nformati on 1(‘\1? déf%s{% be(yséee( ara % l—lform?uggegﬁv\k’%grgl 5?_9 ﬁll%eg

is to take pl'&®e" Fheengbany lBt%ésh'ém atearbphpabeaderhe Mtelrmﬁllcrﬁl%

field at bpt-drd Géré?érably) X R die 1hERelatlidn rﬁteqd%n%o&h@ be at

response ti rre I cal code recQgni tion unit LQ%& so that _the

OCRU, bei ng g#%e%’f oW3( V(% SDGENSy 1S P nf t FRRY f iMaYy BPt & wersidgly
"see" a constearthent &ysi &y waivedreriduh haagendendl tesuplieveloy, BY aishns of

preferably, t&g’%}lﬁ%?ge{rhgg {)f f of n&&l;tﬁ\nfe&ﬁg é:géhlg%#)e at di fferent

wavel engt hs, De Sp eas| HEr by a wavel ength
dependent coupl erI@rdéjﬁelrm aofsystemvxaﬁed:mgrcdnl diodss inecagnittiigirefioaguse

technol ogYs in optiddl %Y&kagp%\l @pcﬁﬁst H1ARHGH AR JhRady ﬂréggrt bar

use 15 in optical routing of OWI ng requirenents nust
met, nanel y: met, namely: qg) - Around 64 codes are required with the

mi ni mum of redundancy. Akbanis sduedaest hareSHH ABL YO ki €FUERE NEL HE muG
64 codes at each | fiflardy. Hhilt RN A YSILRL ey QPO Ro 2201 S35 350EsS
term nal ;
64 codes at each level of the network adequately to address
20 each access terminal;
(b) The OCRU should be self timing, that is to say
a clock signal should not be required to synchronise the OCRU;
(e) The OCRU should be realised using the minimum
number of components, thus keeping cost and complexity down;
25 (4) The match/mismatch decision of the OCRU must be
achieved very quickly, that is to say the OCRU must have lower
processing times than electronic systems; and '
(e) The logic level of the OCRU output should be
kept to a minimum, since multiple level logic is easily
30 degraded by the noise that is always present in real systems.
The specification of our International patent
application GB 93/00090 describes an OCRU for recognising a
predetermined n-bit optical code. The OCRU comprises an n-way
splitter having an input and n parallel outputs, a plurality '
35 of combiners associated with the splitter outputs, and a
respective gate controlled by the output of each of the
combiners. Each of the splitter outputs is subject to a
different delay of from 0 to (n-1) bit periods, and each
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(b)) . The OCRU shoul d be self tini ng, that is to say a clock signal

shoul d not be required to synchroni se the SOGRU; (c) The OCRU
shoul d be realised using the mninmm nunber of components, thus keeping
cost and conpl exity down; 25 (d) The mat ch/ m smat ch deci si on of

the OCRU nusioweiner ;eerelees vanyigpnekEyomt Akt 1 pastoonay ofhshecrplirder
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n- way spquti%rlshawmg: &n thpuzu eatyl Splpiatted.cleaplt gombl nepirecaliivies 351 of
conbi ners  as3apl abed gid h?i'h‘%\cﬁ:@ toes Ol Pl oranﬁ*o : 1F 82 dV% gat e

controll ed by the output of each of the I ners. ch of e sp |tter
outputs is SEHR¥Gex or%FelVJd'Iqf'e%'erﬂtnE}éIF%yr%ﬁle‘fQﬁn%) n@aX{puy) °§| Evwpesushs,
and each inputs. - 5- conbi ner receives

i I f th t ts OCRU
et "o 114 ho et oo RERh BifRcnrhASaBReht, hacncSaFR: FRaeb e EaPre0Re Feke
applied to theésspperifermsnpthe ‘AMxch lomydoe ne.:panatumrf | gaméd eachpegate at
2 evel | o0ideediilng bRG Uk AEECNIol S SUEROLAR! cHDCR TiRAAERIC! PLH pod

optical . e Is Input t ) eac conblner recei ve
i nput of on@naraﬁmqy ()Thﬁ(ﬂiﬁﬁﬂyﬂﬂtaﬁﬂePf]Fhkﬁ igndckalen althowghneAND’

recei ving ' 1ogitPdpera®ensctan BBXiABMeAEntYA 2HERLy ehQPﬂ&SLnlg number
Wth this arran enent each q@te recelving one or npre s_perforns

the 'AND Pégitec O EXARYPE Jateni GRBISHNg PARS AR GO,
s perforns fthidrel NHEEEEB?evicgsC(su@me;samdvp m:.}li'@rél)sad'vﬁﬁlyﬂeroclﬁeirﬁcésI|S
(oL o onovsims R 06k oRRELR LA 220, Bech TAEELL o0, ELebVongERL LY
Another diSadvantage of this known split-and-combine technlque
is that two bits (the first and last) must be used for
20 identifying the start and end of an input code sequence, so
the code efficiency of the technique is reduced to 25%.
The present invention provides an OCRU for recognising
a predetermined n-bit optical code sequence coded using the
Manchester code format, the OCRU comprising an n-way splitter
25 having an input and n parallel outputs, and a plurality of AND
gates associated with the splitter outputs, respective pairs
of splitter-outputs leading to each of the AND gates via a
respective optical combiner, and any-remaining single splitter
output leading directly to its AND gate, wherein each of the
30 splitter outputs is subject to a different delay of m half bit
periods, where m = 0 to 2(n - 1), the values of m being chosen
such that, if a predetermined optical code sequence is applied
to the splitter input, the ‘1’s in the outbuts of each of the
pairs of Eplitter outputs are input to the associated AND

35 gates and the ‘1’ in any remaining single splitter output is
input to its AND gate at predetermined times such that all the
AND gates are turned on.

Advantageously, the gates are positioned in series
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fi bré- based devices (such as loop mrrors) or polyner devices, | NVERTER
| ogi ¢ operations are much harder to inplenknt. Anot her di sadvant age of
t his known split-and-conbi ne technique is that two bits (the fjrst and

| ast) nust he used for .20 j.d Lfying.th e n .. nput .cod
sequence, sooe'éj%%% %o en%é‘*tf ﬁ%&éﬁcyaofi ?ﬁegkkgé‘%%%eﬂ%l?% (rueh 3%%%" t% si‘g%aei
The present inpemthorehe cvinles davIiQCRWifldr mescdyrihe pygitputa dervdaet drfimitined

n-bit optical-£ode spopence coaded usingbhe  cdBnghest eg_gpde %g,rlg%ert.he
OCRU conprising_ an n-way splitter 25 having an |1 nput _and n paralfle -

outputs, anFZELREART1yEBE ARBUT tHatRRCHsBcFhLedNA TR SpFPPEethat

out puts, $esfeRidate RaAkr Sinpuf d%miictr?tb ei s Ohibiter derndi 89 4 Qp@éﬁ_@t@{rmtilﬁ%dAND

ates via a respective optical conbiner, and any remgni.ng single

Splitter ARt HRERSTG e SLOPEL OPPES BRD AR Hh St A ToF S8RE 30

splitter outghe AND gatgecit toubstthiteakrhy tled ayawé tihal &sbshid ippuiteds,

where m= 0 %hz(cpf @’A&\We é/taég.l%a fbéné)xf chosen such that, if a -
optlcatl co

i
pr edet er m net e sequence 1s applied” -to the splitter input,
the 'I' s in the ofhgutisnwintesh 8}soh@rovigasr sa of YSkem t£9r oprpaessing
i nput 014 N@a2IERGI AR E AN G LSIWotPecorpri di RYal REBADEAE 5%&%@

.splitter output is Il nput to its AND gate at predeterm ned tines suc

that all th&lINaANDFERRPELLFRTt APfefbnPlurallity ofy cHRLRRRKISF§CeiKEer at es
are positiomh@iﬂySﬁEﬁiﬁbmprisingla reibectiv%bﬁﬁ%Fﬁitﬁw éﬂ@@éiﬁeéafﬁiaﬁd ]
an out put device, ereby a signa | Nput t he input. device w reac
t he out put ggﬁﬁlcec‘)},gf}:?rﬁee rec ?%%lﬁ‘t e?ﬁche&pp(?d"é us; LORREYRLNY SePREAtoOr
n-way splimeans for Bepheribing hebdernfieltioinfolmatibhefAbd datasfietidpt
that . 5 at Jdput.: devicerhs<Subj t Lerm ay,
wher eby ltrbﬁes'gl%gna .q-“llr?gﬁt Jb€ th%glk%%ﬁf _ de.t\?'lqcsg@vyi ?Fnggg}%SESB t %damD ggggs
at subst ant FEPRS MEFEighe Hiene hea d fighd s informafcionf the ANFYateES

may be an Shésociated withh&he\(RRiHedtidles U tBHdteSrecSYSdLM I second
processi ng 10 packeti sed S|gnal s i.n a network conpri si Q?_a head- end packet
Signal tranSHRPE: SEH@PaReRREr SOF (5F A MLk iHe Fheodafpor seld information

to said switch, wherein each first transmission means includes

20 an OCRU as hereinbefore defined, and wherein each apparatus is
such that the respective OCRU activates the associated switch
to permit the passage of the data field information of a given
packet only if the optical code contained in the header field
information of that packet is the predetermined optical code

25 of that OCRU. _

_ Conveniently, each of said switches: is a bistable.
switch constituted by an SLA. '
Advantageously, a respective wavelength-dependent
coupler constitutes the separator means of each apparatus.

30 Preferably, the second transmission means of each
apparatus includes an optical delay fibre of such a length
that the header field information of a given packet reaches
the switch éubstantially as the switch is activated by the
OCRU. '

35 Advanﬁageously, the network is a packet switched
network, the head-end packet signal transmitter is a head-end
packet transmitter, and the packets are cells consisting of

headers and data.
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t he' system conprising a respective apparatus associated with each
cust omer receiver, each apparatus conprisiing separ at or means for
separating header field information fromdata field 15 information in
packet s, first transm ssion neans for transmttin t he heade&

field informationARk @PH Cad,fFing %%%%@%‘f%d"%?ﬁp?ﬁ%t’?’é%pé& pp&ica
cust omer recmdeer redogriad@id unitt resrEtAsdEd neansad oo rdanes NwhEtding thiee

data-field i,n tLon_. saj d ' rej hofi transm ssison
means i ncl u&e%&%a%r?ﬁ} aég‘ﬁeﬁéei%%ge\%%}c%e%ﬁﬁn‘g%gaggg %%%%g'h é%ch'ay o
appar at us i examghesh Widh t hefesepeet itae tBeRAceeNRINEENY hdrawingsat edn

swtch stempesgnt the passage of the data field information of a given
packet only if the optical code contained in the header field

i nformati on of thafig¥@®et! il the FHUMARET FIRPLTATRE OR ok DBe oFOBRARY
OCRU. appar¥ausgni ently, each of said switches is a bistable

switch constituted_by an A Advant ageousl y,. _a frespective
wavel engt h. dependeRtSuEs: durditr ® cBREPRESE Es SPRESESBEPRLON il oPPELERL
appar at us. 3®de recodwidfimymabinit fiohmingepamt bfabbei sppepmatusanf Fbfureach
appar at usg i NGl W an optical delay fibre of such a length that the

header field’information of a given packet reaches the switch _
substantial |y as t FégaxescBhai andcik vdilas trptiehshe Maprhesgsr code format

Advant ageougised ifhendaipddecids @ packet swtched net wor k, the
head- end packet -si angl tr_ansm’tteg I's, a head-end, gacket transmtter, and
the packets are ceFPEeEEhBFAstthgtBe dr s HhEuggtd 1s a schematic

An optical regideseramEat of anem paier+agl Vptdddlcdouting apgaraeasgpoti on

doscri ba? | 455 e AU VG Paring sddieihe <l donadiohe peltne

acconpanyi ng@fdwaiiciigd s imdicaSedhbyhthe reference numegaiell. i sSEackchebitic

representatijoR af ot REtRO¥iERE 1a and a header field 1b, these two fields
being tramsmitted at different wavelengths. The customer-end
fouting apparatus. includes a wavelength dependent coupler 2

20 which separates the header field information from the data
field information. The header field information is fed to a
bistable switch 3 (and then on to the customex’s receiver 4)
via an OCRU 5. The data field information is fed to the
bistable switch 3 via a delay fibre 6. The bistable switch 3

25 is constituted by a split-contact laser amplifier having a

maximum rise time of less than 200 psec.

The OCRU 5 is configured to a particular optical code
which is unique to the customer concerned, the optical code
corresponding to all or part of the header field 1b. The OCRU

30 5 will, therefore, provide an output signal only when it
recognises the particular optical code appropriate to the
customer. This output signal is used to control the bistable
switch 3 so that the data field information is routed to the
receiver 4. The delay fibre 6 is chosen to ensure that the

35 data field 1a of the same cell 1 as the header field 1b
recognised by the OCRU 5 is passed to the receiver 4.
Consequently, signals (packets) intended for other customers
will not be routed to that particular customer’s receiver 4.
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'app,a;rat us; | Figure 2 is a schematic representation of an optical
code recognition unit formng part of the %pbarat us of Figure 10 1; and
Figures 3a and 3b illustrate the Manchester code fornat ~used.in the

t Ref e to the awin i,S a schematic
Irg\;;regsia(rjltnatlon of &XIRTD r %‘65 oﬁ‘?cgﬁd‘rpoat ?ﬁﬁlﬁpgg?@t %?11“& confg gured
with a TPON sgsrem:gnisyl 'algepapt:eta:sedoae ghtd 60 {Gne T |OCRU 5 dinclhidds ias
|0 oAt o0 YpALELLE! S AR . GBAFRCCE! 7 navirdy N88vEn a1t

la and a hea |eI bein nsm
di fferent wacwetmagt ﬁsbresrhé'aaué;th@ﬁer%cal cqmiume@ aPpar dbuandi Bel dres a

wavel engt B dependsnh gaeBkela? %@J wccfan%epﬁ at eéaérheoheeﬂsrfibebg 7a is
|nformat|onfromthe d i nfqQrnati.on. header field

i nfor mati on $%V¢Rd2t 8 gferentb@éam 8% hhath the aﬁﬂl’c%’%ﬁroﬁ Pent’ﬁéts the
customner's rsae:ﬁamru{but codellla:t&ﬂacﬁRUaSIel a'h'Epdﬁt@ode,elteh.tmfdi{e'Y&hJﬂD@ﬂ S

fed to the table_ s The bi stable switch
3 25 s contsl??t%?‘g% %9 A Iﬁ°¥| g‘bﬁt%‘é gsg%ln%ﬁmf?‘f i er having a
maxi mumri se time dhe eBCGRY han i20CGgskicgured to workThe tBCRLh&oming code

confi gur gg t @ué’@ééé C%égdol%'ﬁ%' £Hfua che‘M‘é&P F?d&”'%a&oft:‘ﬁec ?ﬁ%”er

concer ned, opt 1 cal corresp on to a art o

field |b. Trfeom (sge Figyyes t%?eraéﬁoﬁ@):pr‘ viedangn’ BUﬁpéFengﬁﬁP—SGﬁl"-?d

when it arsecmgrarmeqd %s@@éﬁ_%h J.sztt'h%ah.n?ﬁ@ehéBEéQpE:babesE&ubh@es,
custoner. This o pu1t: %:12 IS used to contro bi_st abl e switch 3
d

so that the JHug oﬁ?&t?%?%"aﬁﬁﬁ eth?h FHE 1"s and /P’ 9. copdd
delay fibre aﬁ.uern&umllg obensupeeééﬁtedhby 39 &adda 01 etebpectivély. samm

Fecei ver 3. the @iiloat Anaih o e RE N B ANESeS 1oNRRRaeY PP BBAGPE code|
cust oners seqmencea)tcckﬂa'-‘emrw to tight gaon'i cont drofffst boerepresentvehes.
Figure 2 shoug Jde SERUS, ahli 800CRYsBRLRIvERY | IWHRA i mportant point to
note is. that each bit period T has a signal of duration T/2
either in the first half (representing a ‘0’) or the second
20 half (representing a ‘1’ ) of the bit period. It should also
be noted that the Manchester code format does not double the
number of bits in the input code sequence, but doubles the
modulation bandwidth.
The architecture of the OCRU 5 (see Figure 2) is such
25 that the incoming code sequence 1110010 is split and
differentially delayed. This is achieved by incorporating:
lengths of delay. fibre 7b in each of the output.lines T7a
except that assoc1ated with the last bit of the input header
(that is to say the most significant bit). The length of each
30 of the delay fibres 7b is pre-selected so that the outputs on
the output lines 7a reach the gates 9a to 94 at the same time.
Because the input code is in the Manchester code format, this
requires the delays on the lines to be 5.5T, 5T, 3.5T, 2.5T,
2T, T and zero respectively for the bits of fhe input code,
35 with the last bit of the input header having a zero delay.
In the particular OCRU S5 shown in Figure 2, a first
pair of output lines 7a (which carry the two most significant
bits) are input into the optical combiner 8a, a second pair of
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IO'rEbognise the optical code 1110010. -THe -OCRU 5 includes a passi ve

seven-way optical splitter 7 having seven parall el output fibres 7a,

three optical combiners 8a, 8b and 8c and 5 four SLA gates 9a, 9b, 9c and

9d. Each ofoutipmtf i binss 73ai siwhigli vearey dEheeneat oréfcaym@%ttﬁagn@ﬁécant

splitter 7 il ta?:e%]ri%put %.‘%Iﬂ@'tﬂé‘@# eicade ada%uaxﬁaoesrbal Iaelthatthpwaﬁo@q
0

with one bi e code on each the output |ines

OCRU 5 i s cONRif et @S wirk (ihieh rﬁ%ﬁ?%gtﬁﬁdé‘ei‘@ stétﬂue%‘e"'ég Eé&@ﬂfﬁgﬁ‘?@f
t he Manchestyaresodgrd o Aiptit intd thies optilcalnaiontdase i gl esndatRed £kl

neader cole SERICELS 751 RBOOA™) £ORFEP0E Mpph il CPRREFctRE PrE) Bang

‘0" s coul dinpw tGErrexttelinte theprasent®l by 10 and 01 respectively. In
15 the opti cal do%éﬁflhgﬁlhga tﬁﬁéj Eﬁfﬁ{xﬁ ¥t ke hSéﬁef 5CQfifen it is
sequences correspon represent the val ues of

1' and '0' rfadgdectiopsied, -ﬁpm amy bRt the m08ﬁo§égpéflpﬁatt Ba&h o t
period T hagna &hgﬁ%l n@%a@&r abiensddidence GdAtE¥s ithd plfittdr Makhd forms

(representin t he sec d 20 half re resentl g
bit peridy. @ %Iﬁngﬁﬁu%ﬂ Lhegopt: rﬁﬁ%RF?%ﬁt 5% 0588°%8rﬂ8?
does not doabb&ﬂﬂmbantrhﬂﬂxﬂraﬁ dhésarmIWiEhltmmtdebdg BequBacausbuboth

doubl es the up o I0ALLGLEORRANINEGTR 1, o ana enDiCa@IEDT LT PEE G dd1e7QCR

5 (see Flgur the |ﬁcon1n code sequence .
split and asducfcﬁ@:tadt wartlhytuel sgeodnd Most slszxucﬁcww bt ilsc ar pbrdei byt

l'engt hs of ey dd tFﬁEmﬂ;ﬂE? g@-haseécegiuéﬂ§t

associ at ed ast |t of t he 1 nput header (t to sa

nost si gl f Seatmlab'rltyy theeortigeh epmbheer ¥P diag F&UdMPPLS; Bifes 1‘75 fzom
pre-sel ect egngoltihak t7he AWl a3 21 e Ul B4, Isd\eﬁts?aoﬁep@b a1heogRASS

9a to 9d at the_sa Bec ause the i t cod n.the chest r
cods f ormt 2 PRLES S, L ATiin, (S Feh Al r o fom B¢ BaspihButE ELaR L
5T, 2. 5T, asa?épﬁtaﬂdlimm ﬂespmitclhvelxye footH Het'ld tsthod ddikays)pom tbels:e 35

w t h—t he basPiy €= N der, h e a
t he partlcu ar (ﬁ? %oﬂ% ?#&F?%§ ,EQH%E]é#é Eﬁtg?k éF(nﬁe ?prﬁés 7a
(whi ch_ @& r gombénexo 8goel soi hasf acaﬁiue 2Di tgyteamDugpnem feo 9hean@t%al

conbi ner 8ayhcheCRREJRRtivRily receive the outputs of the optical
combiners 8a, 8b and 8¢, are configured to switch on for a two
level input, and the AND gate 94 which receives the output of
the remaining line 7a from the splitter 7 is configured to

25 switch on for a one level input. Consequently, if the OCRU 5
does receive the "correct" code 1110010, all four AND gates 9a

to 94 will-be turned on, and an input signal 10 from a
continuous wave (cw) laser (not shown) will be passed to the
bistable switch 3. In order to ensure that each of the AND

30 gates 9c¢, 9b and 9a receives its input from the associated
optical combiner 8c, 8b and 8a simultaneously with the cw
input signal passed from the AND gate immediately upstream
thereof; a respective delay fibre 10c, 10b and 10a of
appropriate length is included between each pair of devices 9c

35 and 8c, 9b and 8b, and 9a and 8a. The switch 3 will then be
turned on, so¢ that the information carried by the data field

la of that cell whose header field 1b carries that code is
passed to the associated receiver 4. It will be appreciated

wﬂksBumbﬂmxd
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__out'p'ut 1ines 7a (which carry -the next two, gost Si gnlflcant bits) are

input into the optical combiner 8b, a third pair output lines 7a
(which carry the next two nost significant blts) are input into the
optical comhi 8 he fd n 5 ut..djne ( e

| east signi f [ cant %I tfﬁQQ ch fln ?thedl r%ﬁ?y Yinjtic: t%g WQL-SQBEQE& kSt

Consi deri ng WQM@M%#Y@FI’@MG@CRBPBtm%th% ﬁ:snal (m@sty signdéd camiat
is to say Wi tde smstesdgnidd Gatit kide (ﬂrocestshﬁuj Mwle REFAYe SRBY 5 is

sequence enters the s litter i n to the optj.cal

conbi ner 8a HHBARSF ‘FP't hé*Ss Zl&né“ﬁngttes g?’gn?‘? %ééutg"olatref c8 ft"ﬁé‘rfrdmt\ﬂ th
t he del aysT. opaﬁﬁ&u%t loid+1evelh@sgiicppuhebehsirar@CRU 1S operayed lalte teel-ay
on the line 7a $3 cjate th the econd st.siagnyfi bi,t |s a,

whol e bit perl og q‘he outifo otavtqﬁ'e oﬁt i c8 c%‘h%%%gﬁgtgﬂ :}% ue 15
15 Sinmilarl yadwtarretmmw,l mrﬂhaﬁm@ttﬂﬁs-tlmelnpm@coﬁs eIaSQITYr degradede
lines 7a wit yﬁo%— a%a% ?QQQH{: 2hSq.das s %s@er?( | uepdre

Again, the o t|c i ner as |np1t rontits assocli ated-1ines 7a

whi ch are bdimPertanly. Héo"b%‘r%ﬁ/'s g t%@atesargﬁe 198, n§c32angdT98narsTRNDs o
that theioutqatdesdf dhe eat It%lseZ(héaara@sweéaISCbal &Qsﬂd? qm@mr&ed The AND

gates 9a, 9b and 9c, h r.e ectlvely recel v out puts

opti cal Sodtf sectlis e - S Lt RpeGh pld a0 Lo BB CORIHEERE PRo
| evel i nput f:.amis-tldassef&\luzgahnoigdgm ch stepleepaisisd veutqoiparents té@n be

remaining line s t It o) 5 t a
one | evel |np af qlulgﬁ%%’ |¢Jﬁ§% %%{é%}%g%é&f%é §M& f.]ﬂe.. cgﬁzébt
code 111001@e1;§m ﬁ@dr apmbyneespts afo gHew PCRUe 5urqmd-doneaandyanbe

i nput . SIﬁsﬂalfa&Jcracewm scl(i'ltc'a'llé(ﬁu.%l‘i’%\é%n( ¢ ebh2atkdl 'EQEhﬁBQ\gg% W histae

passed to the bi stable switch 3. der tO0_ensure that of-t
AND 30 gat e$hgze dif ap@ 98eRedory &s (LTSt And r bASENPLESs SO R used t°

optical conbldreem&q( tHe adthSa §ndTUfiﬁﬂ§HU§IEYa‘ﬂl e dole sédqistics) 988l

passed from AND gat diately ups t her eo r ect
Ratay. 11 br snagode S5de | IRFEeSeReY SRS thERTarrantEnetic. 1", LG Vhege
bet ween eacrthpaner igf adé.\am rionkeh: arﬂ:ll.ﬁ*n.qtﬁa ca:rdbsSb and 9a and 8a. The

A then Pgﬁ ﬁ@\‘j‘\g&?u % f"%&ﬁﬁ%égﬁ‘lfﬁérf&j QX?éhe

dafa fie d | a o ose |eId
passed to t BUSEOTEE Hﬂ-éél ﬂependempqn uhe mdle Bdlogpted &oethat customer.

In each case, however, the OCRU will operate at 2-level logic,
and the maximum number of SLA gates will be four for a 7-bit
code.

25 One disadvantage of the OCRU described above is that
the bistable switch 3 outputs only the data-field la of the.
recognised cell. An additional device such as an optical
transmitter must, therefore, be provided to re-input the
header field 1b for each cell not recognised. To remove the

30 need for this additional device, the OCRU may be modified by
replacing the coupler 2 with a 90/10 splitter, in which case
90% of the signal is directed towards the bistable switch 3,
and 10% towards the OCRU. In this case, the header field 1b
is distinguished from the data field la in the OCRU by its

35 modulation sbeed (the modulation speed of the data field being
too fast for the response time of the gates). When a header
field 1b is recognised by the OCRU, the bistable switch 3 is
triggered to passe the 90% part of the s1gnal so that header
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-10 ° * that a match of the code wi_ll,, be recognised al nost

I nstant aneously with the input of the fi nz%l1 (nost  si gni ficant) bit of
the code, so that the processing time of the OCRUS5 is al nost zero. As

the AND gateg ?grm%ghégdlgcngggego%bggﬂ)ggthor Pg@ﬁate at two-1Ievel

logic, the enfire gérates 0gi C. Thi s
avoi dance of nulti fi®-asoeher| pgRéfied armm@@éousthe ndakat and header

mul tiple-| evgiei@gl faidn®aY lareledr ddederentwd ¥61L &G ERs | hiid ithe ot er
however al | tggF at es t%a

present inr syst i mpor

b 50 and G 4Pe ANPABO g HOUBL g o ERLEBE 1 cots 1 ORd en

i npl ement 6d ¢oupler Ruaheértivé mMrﬁ)ltn-glmvamj dartqoa;r:.tgnaﬂsarreian:hz.ng the
can beCubs o, SHRREC REECE, | SRR LE S enshPh o YT EOTRTE N
del ay and coxddielpaat sla$et-‘hDOCERUlanubutueeasadyrbél%df abr i chwr.
silica-on- S'éﬁ&%‘a*&é‘@ﬂ%%é‘é’défcﬂ%&gha AP 1b nddiffot HeN2tNB8% £l erb.he

first and last bits t e used Identify the start and finish o
i nput code SIRRRAREPISorateshat the-code efficiency of this arrangerrent |s

~100% wheoe thema i futtee auma@iwmauem@d@slaeﬂ&ent swi€chardan
the code al IBbatSHE: 89 FAF “EACRoREr. hovdst st oty FTENChRY 4PRE Gombe
wi || operatelat 2-[Thiel $wigtch wowldl thee rcmxggam'edunhpr of ch@lgaségnm'lll
be four for ]ém‘_e antage of the OCRU

descri bed ab%/%r;%’%ﬁ?% jf.g&ge?ﬁgs% talbﬁ1 sngtiﬁgi\/i outputs only the data
field la of the Thecsgutiag apparatng eafidthe dnentdan conléhhandie any

optical 15 tf&%%ftﬁécﬁaéise&hgi%ﬂe vﬂﬂ%rl&r Q‘Hed‘:ﬁhélébﬁ@ (Wuéeiﬂé') are
‘header field 1b for each c nQt “recaqgni zed remgve the 30 need_for

this additi SHALGRA iREO tl"r?édﬁﬁ@yﬁ%/sﬁe at?ﬁdidﬁtédbb?e(s)reﬁl“&él A§ the ATM

coupl er 2 wifidrntat0/ mlsnbugheat tHeV\ﬁ&hﬁ'&e@i&SQgree@%ﬂhxﬁm ﬁaﬂ@abfl 340

o SChod! W B AP S 5 o chORe! PEREFRGL AT, EFRana R,

in the OCRUagredemerds atodulgitenrrapeedqulid chhdattiuis spictuatofor.he data

field bejpg  toortagiilobe tiFpd FSRONSR L WBa1¥: I8 Y SDura YaChaBeBRIET
the routing apparatus described above. For example, the
bistable switch 3 could be replaced by any type of 2x2 switch,
either optically or electronically controlled. If the switch
is electronically controlled, it will need to be provided with

25 an opto-electronic connector. It would also be possible to

replace the SLA AND gates technology by AND gates in other
technologies such as fibre-based devices.
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field Ib is recognised by the OCRU, the_bistable switch 3 is_ . trnggered
to pass the 90% part of the signal, so thaf header This Sheet Has Been Replaced
- 11 - information is passed along with the data. ululul ull”u
anot her nodified arrangenent, the data Mader fields

on-di fferent wavel engths, and the coupler 2 is a 90/10 coupler. A
filter is positioned between the 5 coupler 2 and the OCRU 5 to prevent

dat a signal si.reachindg ddru for £XdV4nisiied €a agae @eﬁéhtmaara?g@?ie&?gd@a&
not require an addi ti onal .1 aser re-input. _the ader_fie . -
Vor eover - Sus peaiiite it 8355, LRa Madfite sl Wndas dne’ocry
di fferent commpiceidsy bah nawey. splifiter havimga druridput adbérnaparallzl
ti me-depend idch n d.to t fi I rom
the data figc[uc}:?g‘ﬂé' 268" @ pLubLEC 1 i dagg{g?i.rg&%glrag%%%f ‘Z’{?ﬁ‘o?k’f"—
si gnal sPdirtkee Ut hEeAReAtiNguPatryf splitter outppts Leading

apparat us ofed headmvept LB aRwl dakaBdlA AN rddpd HINOf opeLksli sefpsheral . -
where the packets (or lls dj vi ded tnte header  byte(s) and data

cells) are ) . n
byte(s), sudPhPThemHidALn9 FRFER  SPLAFEDUgRERYT t headipf et FagF&¥d tO
maxi mum r at d taf ANED gate, Mbered ophichalbfr Hei 8glistem b:s.gbu;}:BOibeS\r:bject
benefici al , ,st andar, reenent at_hi-gher rates.coul.d change this
situation. f(? 2 glf%letrevr\ﬁtl ?%t])'gyaB a?glﬁ?f# %%th rPoeCﬁlf‘?%sdt irone eduid pbéor’rﬁ(ﬁél to
t he routing-apddrat fhedesalivesd afove. beiRgr ckamphe, suche that, bi $fabhke
switch 3 co I y e ay t ; eit.pe Lgal ly
or elect ron#%%%%ﬁ?%ﬁ%? £ ggs?mg%%%}fge 3 i%béleec% an?:?:lgl %QPPH:QQ
control | ed, i{PPuh| | theed Y& bédnprthe deRrtmuts 95 HrBbt 8fel ther @ales of

connector. sl iwadd oaltputieapesshbhe €6 the assRidia®ed AUDSHAtANDaga! efie

' r hnol ogi es such as fj bre-base
BESPQZLOgy p%tA@%9§ﬁ§5réRafﬁf§§ singléggpfgtggr output %s input to gts

AND gate at predetermined times such that all the AND gates

are turned on. -

2. An OCRU as claimed in claim 1, wherein the AND gates
are positioned in series between an input device and an output
device, whereby a signal input by the input device will reach
the output device if the predetermined code is input to the n-
way splitter.

3. An OCRU as claimed ih claim 2, wherein the input to.
each of the AND gates except that nearest the input device is
subjected to a predetermined delay, whereby the signal input
by the input device will reach the AND gates at subsfantially

the same time as said inputs.

4. An OCRU as claimed in any one of claims 1 to 3, wherein
each of the AND gates is constituted_by an SLA.

5. An. OCRU substantially as hereinbefore described with
reference to, and illustrated by, the accompanying drawings.

6. A system for processing packetised signals in a network

L IH!II



CLAI M5 1 An OCRU (5) for recognising a predetern nedlhisShedt eercReplaced
code sequence coded using the Mancnester ¢dde format, the 1L a
n-way splitter (7) having an input and n parallel outputs. I ety
of AND gates (9a....9d) associated with the splitter outputs. respectiVv
pairs of splIIIREFIHRDut I%%%?‘rfg“‘%o%"tﬁ?tof SgRAAND tFAEILFHER Ty P8Shel ve
optical conmyineralBey. of Belstoel apgceeNair8| Ng Sha@glgspn tdStipLild PG a

| eadi ng direct LS ).,: \er el of the splitter
ouput s i s s BRs TS SPRERE tefacteoed it RERR BRESoller A8cSRxek,
in- 0 to 2(reaBh ap@paretaism comprigddgnuseparatorhengrnsl |isir spepareting
output is andiadie MaAIES 1Al SPraRH BG C?Qéﬁn AL tfﬂaétl-d ! En%o‘lyin;%%‘ito%{ m; ged

opti cal code shouence is applied to the splitter input, the I n the
out puts of @RAKSt H G5k i agis MRS iqremegpsp fes srarsmptting the header
associ at ed A¥R1GAt:65f d Hta HoPCo addswitech lasé HcLied EWBLAI BHeSEBSpBcERIEL €r
output is input toits AND,gate (9(@ at red‘gterm ned . tines such that all
the AND gat E8SHE&Rr nERCGHYST2,  anday i&&l‘ s EFAPREASEAOY aitRans whéPE&in
t he AND gat ésaM@anittidd) ahe pdakti ofibell dn isefoasathicdnedro asaidpuswileehce
and an outp I.ce er. ' ] by,  put _deyd Ll
reach the o%ﬁ%\i&lev?%é\ﬁi ffq%)hée p?}é%gﬁlfér]%\)%% é‘é%ési slé%%QogPh?dnﬁm%
splitter (7flaigied ipn TERUGRE cP&i nebaims cllai #02, Swhaand nwheseimpueach
each of thea pNR-a¥@S {93.such 96haeXGaY thabeBREKRSIOERE iatRYla4Q4 CEnE9d)
IS subjected to a predeterm ned delay (10a. .., 10c) whereby the signal
nput Dy t hESERGIETAE SELTFR | tPeRSFRH: BRD §aEe9e00f  tBe) data field
subst ant i ?I lilnftsmasam % 'blﬂah &S qateh i Elakﬂk&-th éﬁ\?{’) AN QERU _agt@bgunesoae
any one of clainms 1.taq 3, rein ea t at es | S,
const i t ut ed®BYTATEER gt the %%?/@?Iénﬁ%?épf’8§8§§‘Fﬁ8°ﬁa8§é%§’f§d %?%%u%’f s'fn a
net wor k conphesprgdetiesadnedndpriciadt coidgnalf tuhats@aRWr and a plurality of
custoner receivers (4), the systemconrprising a respective apparatus
associated with each custoner receiver, each apparatus conprising separator
means. (2) fér separaf¥hfehedfeclEigsed iff o?kadmoh, wherein each of said
switches is a bistable switch.

8. A system as claimed in c¢laim 7, wherein each of the
bistable switches is constituted by an SLA.

9. A system as claimed in any one of claims 6 to 8,
wherein a respective wavelength-dependent coupler constitutes
the separator means of each apparatus.

10. A system as claimed in any one of claims 6 to 9,
wherein the second transmission means of each apparatus
includes an optical delay fibre of such a length that the
header field information of a given packet reaches the switch
substantially as the switch is activated by the OCRU.

11. A s-ystem as claimed in any one of claims 6 to 10,
wherein the network is a packet switched network, the head-end
packet signal transmitter is a head-end packet transmitter,
and the packets are cells consisting of headers and data.

I



(1 b) ‘f'romdata field information (1a) in Qackets first transm ssion neans
for transmtting the header field |nfornar|on (1b) to a switch (3)

associ ated with the respective custoner receiver (4), and second

t ransm ssi ony yreans Ff or. d | ti aid
switch (3), erein e?{%{fl rst ‘i m 2‘5| %ﬁll%rsr%aa%s%qla%gl '32 %%5&%%%1%
clainmed in H#85oREPeRE Clidiths rgfg(rjenqe ah@, wandei ﬁseal-:hl‘aﬁ)paﬁh§@s by side
that the resfwedmy; dPawdggsvates the associated switch to permt the
passage of the data tield information (1a) of a given packet only if the
optical code contained in the header field information (1b) of that packet
is the predeterm ned optical code of that OCRU. 6. [err] system as
claimed in claim5, wherein each of said switches (3) is a bistable switch
7. A systemas clainmed in claim®6, wherein each of the bislable swtches
is constituted by an SLA

13 8. A systemas clainmed in any one of clains 5 to 7, wherein a
respecti ve wavel engt h- dependent coupl er consti-tutes the separator neans of
each apparatus. 9. A systemas clainmed in any one of clainmns 5 to 8.
wnerein the second transm ssion neans of each apparatus includes an optical
delay fibre of such a length that the header field information (1lb) of a

gi ven packet reaches the switch (3) substantially as the switch s
activated by the OCRU (5). 10. A systemas clainmed in any one of clains
5to0 9, wherein the network is a packet sw tched network, the head-end
packet signal transmitter is a head-end packet transmtter, and the packets
are cells constituting of headers and dat a.
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