;wxe3deQ 4QF|.6T4C)* | 2 5 J UN 2(~3 OPTI CALTRANSPONDER AND AUTOVATI C

®PTI CAL Sl Gﬁmmmmmmmmm | FI CATI ON METHOD FOR USE THEREW TH Backgr ound of
the I nventi conmmuni cati on network include ne%mork el ement s
with plus-in boasd&:of fering different degrees of functioRd 'rJW ngﬁd rangi ng
fromoptical repeaters for nmerely transpondi ng an optical signal to optical
transponders capabl e of both transpondi ng an optical sisal and performnce

moni toring. Optical ﬁ&i&%rﬁﬁagmﬁﬁ g‘ﬂﬁmqt%fgﬁf Lgiéﬁl\i bot h
epeat or_can tr anepond THRIGHE TP RN THERIVIRH G, PP er o

rates, PDH at different rates, and others. Against this, an optical

t ransponder transponds and performance nonitors a single optical signal
i.e, a specific transm ssion protocol at a specific bit rate. The plug-in
boards are Pperiodically replaced for 20 mai nt enance purposes, and, in the
case of opticaFjdaafspenteantionas the need may arise to support new system
configurations. Sunmmary of the |nve tli on. I n accordance . with a first aspect
of the present inve'ﬁb?é’kﬂenflﬁ‘éise‘nitgegsdp?o‘?ﬂ"ﬂé OB t ansponder
conprising an optical/electrical (OBE) receiver nodule for converting an

i ngressing optical signal froman optical signal source to an electrical
signal; a perfBaghgesnibof therlnwentiaxdul e for effecting perfornmance

itori idelectrical si |, lectricaloptical (FE/ .
[ ansm {1 k0 modul o ERCHLAHBRACTIG: M WBBRoaSi b AP SRt B i o

30 electrical gj I i td & i icand
wherein said pgb%ggn%f%%qen%g%n% %%Tgn%dgf?eﬂlﬁ@ogglﬁ b?!ééor?&%#l? quﬂlﬁ%bucap
per f or mance nopigeatarf oL indrbly whepondingl asioptiod] sgnilval eptical dfangpondgast two
different optical 2 5 JUN 203 2 signal, tyg,es each uni uelé/ i dentd fiable
in terms of treenablesfhethroasmending e ApUstt 1%%1eﬂ.-ndTH. @rgqagp RPROFGt ¢ he
present 1 nvent E)g}rﬁtclhf] égﬂera?;% &t &mkon@raﬂeg&@(%gg’aaggf@s@' bc%maﬁxs Rendess

capabl e of sup performance nitori at 5 [east two

di fferent Dpti gahsralssionl protpest, aridhbitetage,i namelysithe same opsidabypester can
flexibility and facilitating inventory reduction. An 8%iﬁcal traﬁég)nger of
the present inwepspand isiat ekaSiH %Sb%?fle@ F8% o Fih e F FRiey bt i cal
signals of diffetent, transm ssi.qn S j dit
atee. To be uBREEY EnahatisRy; AErhEEisp byl (bl Cupmnental |
signal, an 10 ?&tftﬁﬁénaer avxerder siakld loptipslesizntl iRy entspedific amamsintissén be
external ly configurable by way of a network managenent s ,st]gén r ang

confi gurabl e i prqieonlidacdpsrifls tit 1aEs eF e BRIGE RASFH FpICTPRGE FF&%’&F pr
automati c tical signal t i i.f] j L ! rapsdenderawf the
present i n@@nt mspgchrpé‘ﬁ @s%g,ua%gghtéé g%%éc%pégg%%%gg&n%br’aa? i on of Qiépyt:)i cal
signal s as oppgsedtd aipperari Sdekbedfiguegtosr ati on, nanely, re-timng of
optical signals in addition to their reshaping and re-anplification. In
accordance wth a second aspect of the present invention, there is provided
an automatic optical signal,.t identification nmethod conprising the steps
of : 20 (a) convVERTAY ﬁﬂbﬂﬂ%ﬁﬁogi gnal into an electrical signal; (b)
storing a referencerpalct&idansll Ghinonafitt VisbbetaoPhiy gkdseyt fventdbmr thece 1s
patterns each uniquely identifying a different optical si_gnil /ﬁ%’%ﬁ and (c)
spotting a2% ef pravided pabptcal wentpddetcompribiag enapticrléelrctgra {9 etver

identifying the optical signal type of:the opti,cal si s 2 l.&igA] St ep
(c) includes tﬁ‘é’_dg‘i% g _(910.‘19?‘8“& ‘)){1 Lstritey 0_88?71r lgn%cg@ﬂ &hc t}(’)&??;?%nggt ure
vect or uni quel yod denbish! Afettdi'kighal! APSRoRAARA MoRLARNY modbkdfte dficatiagie

el ectrical signal at a first 1ocati'on’thereal ong; (c2):J ident | féi n&ﬁwe
transni ssion ppefeanincasaealiodieg ow daid teher i3l fstatalr en \edeerrinal/gn c°”]l }19 to
a second location along the el ectrical  ,signal downst ream f rom t%féaﬁ@t

| ocation by a Eexwuninsytmodelegiay regonating oy ggresyng opucal signd

30 electrical signal for feeding to an optical signal destination, and wherein said

performance monitoring module is capable of effecting performance

monitoring on the electrical signal equivalents of at least two different optical

AN
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associated with the transm ssion protocol as specified in the reference
pattern dictionary; and (c3) spotting the second occurrence of the feature
vect or enbedded in the electrical signal at the second location._ 5 In the
alternative, there is provided an automatic optical signdld Q%&fm
identification method conprising the steps of: (a) converting an opti cal
signal into an electrical signal; (b) st@ring a reference pattern
dictionary with a plurality of reference patterns each uniquely identifying
a different optical si | & - C) sSpoirting.a.reference pattern
erbedded 1n (HEM P SRR poighBR 0B habTe bRy P RN PR PRl Type
of the opticai;sftgnal , wherein step (c) includes the steps of: (c 1)
spotting a first occurrence of a feature vector uniquely identified with a
transm ssi on pr ot éid fistrhspddieaf the prdsentahesritiondatirsdted edwad peovidingtanl5

| ocation thereal ocg; (022l identifying the tr?nsm' ssi on, pr,ot zé:j&l ?,ssoci at ed
with the featQRtEa ERIHPN ?rééaabiso SPRROEUNSRFEHMANES HABHPENG Vefehe

el ectricalg si I . 1 Hy it t .58l g d j unping
Fo o second | Sag v NiAFsHE SynaPsighal s, RO 5ol p i@ WEE R meBl ", L1 Vot
| ocation by 2fQextibiitpytdfdciiitgfife Bvendedrdductitte Axioptitalnginbpdrdet of thand (c3)

spotting the second occurrence of the feature vector enbedded in the
el ectrical siRgeant Hventen peafenably wpaertopcriqmeanse momitorag e epugalt he present

invention is .t he fact that each ical sign t ..has uni que
reference pat gr?aﬁg?ﬁ&tf%rren tr%ﬁ%“?'é’&t"ﬁ&@“\’/@%& 81?6, O%O%n(ﬁkf&r%ﬁg’rt r%e?ia;%d gr
variabl e byt ebd @Ratdu Wik REepiiaPifialafpd STEingieRking optisAeiEray anoccur rences

of its feature vector, thereby enabling its identification from other
optical dilgnadpticgbleansprnderafithapresent dptansiah can githadr beyegternaldnt i fi cat i on

met hod of the pr.esent Jjnventi.on preferably identjfies tical sjgnal types
ranked by asc gggHglbi?fg}évqagﬁ&a}peB\g? m B (Y n}/°55§‘5’§886§‘\‘f§{’%d€urrences
2 5 JUN 2D03 ﬁo@ifdea%ﬁEM Fef¥RALOpattern sﬂ&ﬁné‘b’&féﬂ@fo?a&tBPda?ié'opﬁbaQ%i’én%_l type
identification method of the present invention can identify an opti cal

si gnal type dfpameapficatadn. sAgopticadtttaaspanider bf the pogsentninlentenf preferatlyg
equi val ent el ectrical %i%gﬁi 5 Bri.ef Pescrilp_ti on of the Draw nﬁ]s Xn order
to under st ancPUPRS FrEHHGIoHR Biggnergtion of ARYFal pigpals apepeeseriteso-called n

practice,jspr ej}?Fe%%ﬁer%ﬂ@ﬁ’q{a%\?\#,frﬁmﬂéilfng%‘?\@ggg%lg?g?%rsi iRedditid ¥ eeiP

non-1imting exaiples only ren e acconpanyi ng %r awi ngs in

whi ch si m | arshpping endre-ahiplifisasen.nunbered, and in which: 10 Fig 1 is a blue
di agram representation of an externally confi gurabl e, opti cal_ transponder of
the present i nventln@ﬁeorgwe with 3 secopd FEReCY PR YICATPTeBh VSR ARGR 19f a sel f

configurabl e i r. 108 r. ke i on:  Ei and 3B
are t1ow di agtandeaan shRRRR R Rea el By 83T HoatiBY Bk Corblying e
identificati afepswifhod i npl enented by the optical transponder of Figure 2;
Fig. 4 is a table show ng a reference pattern dictionary for use in

conj unct28n with tde acewypstinganpplicadsignal int an ¢lpetricalesignali cati on met hod of
(b)  storing a reference pattern dictionary with a plurality of reference

patterns each uniquely identifying a different optical signal type; and
(c)  spotting a reference pattern embedded in the electrical signal for
identifying the optical signal type of the optical signal,
25 wherein step (c) includes the steps of:

(c1) spotting a first occurrence of a feature vector uniquely
identified with a transmission protocol embedded in the electrical signal
at a first location therealong;

(c2) identifying the transmission protocol associated with the

30 feature vector and jumping to a second location along the electrical

signal downstream from the first location by a fixed byte length



Figure 3; Fig, 5is a schematic diagramof a batch file originating from an
STM 64 20 optical *signal with i nmedi ately consecutive occurrences of its
uni quely identifying feature vector at batch file addresses (B'Y' TE 90, 0QQ,
BIT 5 and (BYhE 245,520, BIT 5); and Fig. 6 is a schematic d‘gha\]%a?rjr f a
batch file originating froman |IP over SDL optical signal w rmeth at el y
consecutive occurrences of its uniquely22S identifying feature vector at
batch file addresses (B xTE 90,000, BIT 5) and (~' YTE 130,000, BIT 3).

Det ai |l ed Description of the Drawings Figure 1 shows an optical transponder
10 under the control of a network 30 managenent system NMS 1 which notifies

an i nor easi ng. opt o -ieA S iHask! GharBRRy & spaelth Mo bRl 2l 10

i's inplenented tophdhdictiensiypasd and performance nonitor the follow ng
optical signal types: SDH at 155 Mitls (STM1), 622 Mit/s (STM4), 2.5
Ghitls (STM 16), @AY 1spotthigths s¢omiicgayrensemishe Bamremectbsemhetideddn Ghit/ s;

G gabit Ethepne t. l.. 25 itls: a Pat 2.5 and 10 5 Ghit/s (hereinafter
“the list o{h_eo%etci%aféq] Sﬁ_"@%ﬁ‘h?ﬁﬁ"é’&a?? 351!98- only transpond other opti cal
signal types inclythedlitemugve, thér@ idfroViicd!an sbsnditOopRial signalldypopt i cal
signals. The optical transponder 10 includes an optical to electrical (OE)

recei ver nodidestifidatopupetbdd comprisingtthe stepsofjnal source (not sho~~rn); a
field 10 progra | e gat.e dray.(FPGA), control nodul.e 12; an electrical
sputter 33; an g}@if’?‘i‘ m%%‘l‘@%‘t‘éﬂ“‘ﬂa'(‘é‘%%&?ﬁtﬁcﬁ 180%wi t ching el enent): a
mai n path 16 ext [(Wole: tﬁéﬁ‘? T o : 4 and
having a C ock ai@gb%gxp g% ecogl'ne('lre {%ﬁt‘?&%ﬁﬁ’?ﬁd’ wi@%hgﬁ;ﬁiﬁk ?%F%&%% 18, a
Fonvard Error Corr ephiterns edch@)iquaid ideatifyingradiffetvhnoptival signdlRipé;landnit 19,

and a mu] tiplexes 21; a 15 bypass path 22 (constituted,qt;x an el ectri cal
shunt) endi ng (5 6RRIERAS pRefesgice pakern embedded Hiths elestricst signal f9Rd an

Si gnal dosti nat  on' [eat TR SR B SREUE B BPERRRER | °cOnort < an

i ngressi ng opheed step §e)dhcludesthe elepsofii cal signal, and provides an optical
Loss of Signal (LOS) signal to the 20 FPGA control nodule 12 in the event
that no optical sicdhalsppinge iatst aerurieaceaf 2 fepture vegtomaniguelyridentifisdul e 12 i s

informed of the opiical sisal t of the ingressing.ontical signal at the
O E recei ver nodu gﬁ%ﬁragﬁrgls&ogﬁgﬁﬁafci}nlfﬁdéf&?g% eaeliﬁgg Sf’%i’taleatl%ﬁfs ation
signal tgs both thgcdddnthdeand! the multiplier 21, and a Signal Type

i ndication signal to the FFC and PMunit 19 to invoke 25 the suitable

per f or mance noni t(e2) ngdetifgimg, thatrensEriGion pritoad] assatidted wthahsfeagaes t he
selector 14 to the in path .16 for .apy .ingressing.optical .signal in the
above nentioned I‘fegp‘%o’feag iacl?aﬁeL‘ﬁinéﬂhﬁ&fifﬁg’scﬁaﬁ%mtgtgeteifégb‘i?bﬁﬂgga fith 22 for

determined by the transmission protocol, and jumping to a second

location along the electrical signal downstream from the first location by
20 the byte length encoded in the byte length field; and
(c3) spotting the second occurrence of the feature vector embedded in
the electrical signal at the second location.
The second aspect of the present invention is based on the fact that each
optical signal type has a unique reference pattern in terms of a feature vector,
25 and either a fixed or variable byte length between a pair of immediately
consecutive occurrences of its feature vector, thereby enabling its identification
from other optical signal types. The automatic optical signal type identification
method of the present invention preferably identifies optical signal types

ranked by ascending byte length between immediately consecutive occurrences



any other ingressing optical signal, The sputter 13 splits an electrical
signal from'the OQE receiver nodule 11 into two identical signals which
are 30 respectively fed to the main path 16 and the bypass th 22 The CDR
unit 17 performclock and data recovery on an electrical si gan‘mJPNa?%B

provi des a data 2 5 JUN 2003 5 Loss of3Signal (X OS) signal to the FPGA
control nodule 12 in the event that no data signal i.e. a stream of

ti is detected thereat. The FEC and 1'Munit 19
Forard er or O SFiRU V¥ nd S RROR R R TR ars) DG o irebpn rdied ot

signal, and pgovi : ! ' [ I = Frame
(LOF) signal, rt}Sal% %f%ﬁ%ﬁngg%‘?"‘%gg 12%“91%%%51%& a S éla %eogr%dgp?%%)s Ignal to
the FPGA cont ejthernoffiliine dr dndinedppmdisreqatvalentblecisicklegipal. 14 can feed either

an electrical signal fromone of the main path 16 or the bypass path 22 to
the EIO transmtter nodule 23 as determ ned by an SX signal fromtrhe FPGA

control nodul g 12 The. B O t 1 t5.er. nmodul e 23 is enabled by an TX EN 10
si gnal fr_o% t%élélnﬁﬁr@%ﬁﬁtﬁm&ﬁééész and 3R regenerates an egressing
optical signal frorm bhrredesddrstend tisd MRahtion & tosOhbiaNedH bd Sdrris@did e 23

provides an TX LOS signal to the P PGA control nodule 12 in the event that
it is enabl edibuprepidcwppredemedsisphodinentst ¥k oW hbe edascritite BR wayeefer at i on

¢ Ccal si . . ; . E tores ; q
Ce- ampi 11 oat PO B RHETR, Gy PR il e Rlbokhebidrt i 2"
capabi li ty i nvglistesiniile plae aeflilesres plmberedaden @&gdH:| ators in the CDR

unlit 17 to e;~tract the clock signal fromthe ingressuag optical signal,
several bhfdpass fFig dris pidakddisgrasaremnsdniation aftan axtemadly fasnfigarebla ng an

accurate and | _fitter fre ck rat and additional accurate oscillators
for re-tim nng{ﬂ%ﬂ%nME(éhgw ﬁ%égir“v_g?téﬂﬁl s. Perfoz-nmance nonitoring
(fM of the above ppAt) ﬁnscbwdksaiagifm@@épre@émﬁoar@a%Mp-%énggﬁnsﬁlteg%ﬁea as

follows: PMfor the four SDI~ optrcal signal types (STMI/4/16/ is on
t he basis of thesrRnUrBef thytpessensingedtiangd in | TU-~' G 707; PMfor the two

ATi I ~I optical si Y, j t ' f Irof. tection 2S Codes
(EDC) in the OAM glgg% 3%3&??# ér:]f%gg}vn&%é?%-%ggiffﬁ;agﬁmap%%sfcﬁlgm \ pté’f)?l cal
signal typ® i &depfifithGorbAstidainpléielbdb BtteopRESaSotiRE bPphukdn) fi EE
$02.3Z; and PMfor_IP over SDL optical signal types®as defined in SDL Data
Li nk Speci ficati onFjgubst iistretibby showing aTeftmotcopittan detponary 908 uskiigure 2
Cransponder | ORI AL F FHORRTP PR Pt BBhUIA6HHBHAR SRR G
supporting anygﬁ}gggati c optical signal type ldentification nmethod of an

25J UNZ2(~36 ingressing optical signal (see Figures 3A and 3B). This
configuration di speigséds aischematis hiegdmfafra bateh Sle@rigiating froa PESINDOEATI ON
signal t t he meﬁwork man&jr et neraé ts%,stem NVS | but xeg%i rfes in_. ts[ pl ace
that a pot uoPHF! tHEWl BT TRmCAGEHACOBECHLE Q6 HTAEPGIATE RIS modul e
31 for znal ysj -EQ@U i ' | ?(;I'Ej [ [ pei ~hod
operates in, lé%?\ﬁl un%? ?#%ﬁéﬁatﬁtg?ﬁé%gﬂ%g%stegﬁ ic??’bgg’a§§r gz%ai ni ng
ref erence pat(BYHE 245(2QuBIY S);ckedt i fyi ng di zzerent optical signal types
(see fiigure 4). ch reference, pa. Cern jnc¢lud a.so-cal lLed fegture vector
whi ch may be a co%@e@@%é@matﬁz&a@{n ?t?g%tﬁlé%‘;q erigngEng e tO%Yt e

| ength 1.1/ A2 o (I 8 =Y o= J = ben ST i i gnal s,
ox ~ arti al p%ﬂgggﬂﬁ#élaggnfahﬁ'gg lé%i(%fgr%[ %Fy '? h{ise{ulltpéeto?gg%ﬂcgﬁb efg&f){flﬁtak%?FS OAM
cel |'s of 2n Afenifydmy Fealiresiegtal at Bactadith hidassee BN TEH&000CBIDAE) tedn,
includes the byte | zn~th betlveen i nmedi ately consecutive occurrences of a
feature vect .Y'ﬁa‘EéBQ;p@Q, Bé-ﬁgi-h may be either a fixed length, for exanple,
in the case of STM14/16/64 signals or a variable byte len;th encoded in a
byte x 5 len~th field typically do~-rnstream of its 2ssociated feature
vector. Cxenepgdbi¥ sﬁc;&@hi @ﬁg“ ofhiBe B igdd C optical signal typz
identification rretﬁo in\?o ves the spotfing of two occu.~rences of a
feature vector of Fpurept slwats ai gptidal trgpspondetel0 wrenthienmonttol phe nBHWIK enpt n

occurrendls TEATRESEEBRYSER DOS0! QUBICH BREASS Eul Py Phae Sinal TyBE. 11O
| dent {11 2t 1 aRcaiGh SOATPHEHY JIRLHCS ATy Htfichesthe BoRAGh gnel MO

appear ance of S cOorrespon to a ure ve




optical signal type under scrutiny, In order to mnimze conputational

| oad, the automatic optical signal type identifteation nethod applies a

ref erence pattern spotting schene which attenpts to identify optical si~naL
types 25 according to ascending bye | en~h between i medi at elpy goRsBguti ve
occurrences of their respective feature dectors. Thus, for the optical
sijnal types of the above nentioned list of optical sisal types for which

ol lowa e (AHpeel Zengonist 4B aiblerpbd,ian 53R bssidasyind poTostd: oo
ATM (22, 843 , . 336
( SRRy R doBE b oI St R SPIL O Wi (YR, B2

bytes), and ut omat’ c opti cal
si gnal type iMdbitfsi (ST04+4)pB.5n8biusd SAA-169, andl O Gbits (BTMeH4); A lat 68D on a

o o oyt VB H BRI iR o DR B R D o
opti cal sPgnayols RfreHBeler S IOR ool ety P RER o} b bRRE 1O
signal is a pjtieal sighalitppesinsiudingopitercalia 44 dl/s and 440 Myies DI bpicddat ch

file contains, a total of 3I 1,040 bytes, The contents of the batch file are
assi gned addr¥é&¥s from (BYTE |, BxT 0) through to (B YTE 311,039, BIT 7),

h b f th ! ' liinkel d i . a4j b
of 10 tho ol ectri cle eptral mrbegRats A0 BRSO KRR B SRmAN AY. YISt

occu_-~rence akcevéeaiodelz ¢ eotipleditoval vptcat Glgial sogcd (heashoe)y acied
agai nst zicorrespondi byte | en teaéof the batch file staring at batch file
0§ ol

address (BYTErPEamIORR FrHh neanry! peddadd: aa clrstmrat ERAFATHEIX by Dbit

until ei v.h j d sal:t er.nat.d , f,irst:blitaofethe
Feat ure veet o FSSEal sHRq D 1 (PR bE T Bty el d i phutls | 07
the batch fi lextdidigiebetwednithe spléero® ahthesdeipeadr 1af atdkavang a@lbclsiagdal type
under scruti % Thus, it can be ﬁ)ositively deduced that a batch file does
not conta~ t Heatadieeousra{Cldt )it i b deypultinlexsr 18 ra Bmward Epior &orrestiomal i f

its identifyi eat [ . ot teda from batech fi ddr ess
(B YTE 0. B F P B EE AR TRk BB 5 L R ol o
20 19, 4418 caypass path 2hegkssitiikee wpeanhaticomical shie) ewfepdRli betoREh aBé si gnal
type identification_nethod for identincation of an STM 64 optical, signal
whose uni que SPEHET &3 cadpaetselastarntd andsan eleciigahia @Pt@ﬂidﬂ@gﬂﬁ-ﬁﬁn%’ét or
consi sting of oAl : nd a fixed 1y, 520
byte | ength t%%‘ﬁ’g%{r? i°r°7§%1§|83? %bpé@g%&gg%%sﬁﬁ%@%o@ét%ﬁ@es is as follows.

Assuni ng that the TherGE meeiver aivdak Df c@ﬂmnswmélre'sﬂﬁglb%aﬁbél RtprhERS & e
vector is spotted at batch file address (B, YfE 99, 000 BI T 5), then the

second occur e&Eecal $iguslnend piavideat amapidee! iloss advigeal (LOBIEIgel 30300, BZT
) (sce, 0L oo hALh A SR Ll DSBS Ay hoader
I en~~h fiel d TeRCPRIES Sodtydlembeéilgt 1D ¢f irfforR&D obyﬁ@a%iédll% heyseeo e
occurrence is to be found at batch file address (BYTE 130,000, BIT 5), 2
5 JUN 20D3 ingressing optical signal at the O/E receiver module 11 and accordingly
provides a Clock Rate Indication signal to both the CDR l’} and the multiplier
21, and a Signal Type Indication signal to the FEC and PM unit 19 to invoke
25  the suitable performance monitoring scheme, The FPGA control module 12
also sets the selector 14 to the main path 16 for any ingressing optical signal in
the above mentioned list of optical signal types and to the bypass path 22 for
any other ingressing optical signal, The spliteer 13 splits an electrical signal
from the O/E receiver module 11 into two identical signals which are
30 respectively fed to the main path 16 and the bypass path 22, The CDR unit 17

performs clock and data recovery on an electrical signal, and provides a data



8 On-line "idzntification of an optical signal type is identical to ofd
line identification including the nunber of conparison checks before a

deci sion can be deduced that an electrical signal is not derived from an
optical signal of the optical signal type_under scrutiny. &feJUNf3 ence
resides in that consecutive 5 conparison éhecks for the match between a
feature vector and an equival ent byte length along the electrical signal
are perfornmed pssSHRSeHa t ‘ t
correspondinb to an | telgg'als)nﬁ%%agrtbg?gggﬁeﬁle%?ﬁgg%%%é? l{?gﬁ?eﬁjé&g%ag

| engt h' benveernd dateciignad iye. e stremu i coasamtive zeys 4s deketedehdreat U FEGt or  of

the optical si nd scrutiny plus one bit. 10 Thus, for

i dentificati on&’@g %X’E‘?kg P”&é’f%fﬂfwér%%w tofysetion And perfermanst yandoseg ut i ve
conparison ch 1 ' i frer 441 bits (8 bits
X 2,430 bylt5 esﬁgﬁiﬁ? i%i e yp@h%%?u@%%b§s§%$?éﬂ&é%lflgﬂia'g)a.LGFge

i at egzal nunbes sighdls 2 Ggrea) Fai Reerall enldi 4184 e
conpari son chegk, angg':ktfpbg?e Iengﬁ be1t0<r~s\52e§rignir ﬁnrhélgiﬁleglbgl %ﬁ%&%ﬁ??@e 15
occurrences ofSigHfie @Aksatrel medulent? eyarprepriats. sThe sejeneonivilean feed ut i ny.

"fVhile the i L ri W th re t to.a limted nunber

of enbodi ment er ﬁi@% h’ggﬁepﬁ%%agggg%ﬁ%’ﬁé’ gggtﬂhea?lwggpf 'Latﬁtﬁ'ﬁé*?s path gz fo

modi fi cati ons thafdOatdmemiapnhodat i26ne ddterdifed By 8RIS0RAANHS HBESEY t hi n
an optical transponder of

t he scope of the 2? a%gggﬁdn(_fl i 5. For exanple, al

the present i mP8APt BiP e Q@ riEasedtersmadulnidi iseneblod dly ampTiCEN

t ranspondenp, | r@cty ont.i.cal onder,., and a drop direc¢tion
opt i cgl t?gns%%g%&%@g?t % (Erw)”{arlqu%:ie1 %#é'%g'ts]i%cﬁﬁmes??\gﬁeﬁlegerﬁ?ﬁeé ESHEb%E of
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" types of the above mentioned list of optical signal types for which performance

monitoring is supported, their identification order is as follows: GE (upto
2,430 bytes), STM-1 (2,430 bytes), STM-4 (9,720 bytes), ATM (22,843 bytes),

30 STM-16 (38,880 bytes), IP over SDL (up to 65,336 bytes), and STM-64
(155,520 bytes).
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incrementally proceeding downstream bit by bit until either a match is found

or, alternatively, the first bit of the feature vector reaches BIT 0 of the first byte
15  of the next frame were the batch file be derived from an optical signal of the

optical signal type under scrutiny. Thus, it can be positively deduced that a

batch file does not contain the equivalent electrical signal of an STM-1 optical

signal if its identifying feature vector cannot be spotted from batch file address

(BYTE 0, BIT 1) to batch file address (BYTE 2,430, BIT 0) after a total of
20 19,440 comparison checks.

The operation of the zutomatic optical signal type identification method
for identification of an STM-64 optical signal whose unique reference pattern
includes 2 384 byte long feature vector consisting of 192 Al bytes followed by
192 A2 bytes, and a fixed 155,520 byte length between immediately

25  consecutive occurrences is as follows. Assuming that the first occurrence of
the STM-64 identifying feature vector is spotted at batch file address (BYTE
90,000 BIT 5), then the second occurrence is to be found at batch file address
(BYTE 245,520, BIT 5) (see Figure 5). Similarly, assuming the first
occurrence of a SDL header is spotted at batch file address (BYTE 90,000, BIT

30 5), and its byte length field encodes a byte length of 40,000 bytes, then the
second accurrence is to be found at batch file address (BYTE 130,000, BIT 5).



13 identifying optical signal types ranked by ascending byte |ength between
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vectors of their respective reference patterns stored in said reference
pattern dictionary. 5 17. A nethod according to any one &b N8 12 to 16,
further conprising the step of deriving rate related information associ ated
with said optical signal. 10 18. A met ho® according to any one of clains 12
to 17, further conprising the step of retrieving a clock indication signal

assomated with said optical_signal Al,.,As. A .. ) .
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15  occurrences of the feature vector of the optical signal type under scrutiny.

‘While the invention has been described with respect to a limited number
of embodiments, it will be appreciated that many variations, modifications, and
other applications of the invention can be made within the scope of the

20 appended claims. For example, an optical transponder of the present invention
can be implemented as a unidirectional optical transponder, an add direction
optical transponder, and a drop direction optical transponder. Also, the range
of optical signals types capable of identification by the automatic optical signal
type identification method of the present invention can be extended to include

25  inter alia PDH optical signals.
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module for converting an ingressing optical signal from an optical signal
source into an electrical signal; a performance monitoring module for

5 effecting performance monitoring on said electrical signal, an
electrical/optical (E/O) transthitter module for regenerating an egressing
optical signal from said electrical signal for feeding t0 an optical signal
destination, and wherein said performance monitoring module is capable
effecting performance monitoring on the electrical signal equivalents of

10 at least two different optical signal types each uniquely identifiable in
terms of transmission pratocol and/or bit rate,

2.  The transponder according to claim 1 wherein said transmitter module

effects 3R regeneration of egressing optical signals.
15

3.  The transponder according to either claim 1 or 2 and further comprising
an electrical shunt between said O/E receiver module and said E/O
transmitter module bypassing said performance monitoring module for
shunting an electrical signal converted from an optical signal whose

20 performance monitoring is not supported by said performance

monitoring module therearound.

4.  The transponder according to any one of claims 1 to 3 and being

externally configurable with the optical signal type of the optical signal.

5.  The transponder according to any one of claims 1 to 3 and being

self-configurable with the optical signal type of the optical signal.

6.  The wansponder according to claim 5 and further comprising a control
30 module for storing 2 reference pattermn dictionary with a plurality of

reference patterns each uniquely identifying a different optical signal
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5 a first occurrence of a feature vector uniquely identified with e
transmmission protocol embedded in the electrical signal at & first location
therealong; identifies the transmission protocol essociated with the
feature vector and jumps to 2 second location along the electrical signal
downstream from the first location by a fixed byie length zssociated

10 with the transmission protocol as specified in the reference pattem
dictionary; and spots the second occurrence of the feature vector

embedded in the elecirical signal at the second locetion,

8.  The transponder according to claim 6 wherein said control module spots

15 a first occurrence of a feature vector uniquely identified with a
transrnission protocol embedded in the electrical signal 2t a first location

therealong; identifies the transmission protocol associated with the

feature vector, reads a byte length field embedded in the electrical signal

as determined by the transmission protocol, and jumps to & second

20 location along the electrical signal downstream from the first location by
the byte length encoded in the byte length field; and spots the second

oceurrence of the feature vector embedded in the electrical signal at the

second location

25 9.  The wansponder according to any one of claims 6 to 8 wherein said
control module identifies optical signal types ranked by ascending byie
length between a2 pair of immediately consecutive occurrences of their
respective feature vectors of their respective reference patterns stored in

sald reference pattern dictionary.

30



( 10%&'() 9& 109148 ()-3;;; ;5 <b@o 1=
1> 10%gg& ()-ml0%g& ()-1"L10%& ()- 10H 10H 10HF 910%4& () -
71 10944& () - 3<f ==>T>>| 22<b@L0 !!=! X L! 109%& ()-F! X L! 10%gg&’ g ESF /g& () -
110%g& ()-s109%g& ()- | 10%gg& () -1 ???@EMAAIEL@L0 !! =! XL#1 digzi
10%& ()-'110%& ()- °,10%& ()- " 10%& 1) - ~ 10%g& ()-AAACgCD5E6Ea’?1@O
10! ~7s! 10%&' () - &110%@,& ()-"(s!10%g& ()-!(s!10%& ()-' 10%g& ()- LI %40%g& ()-
6E7ESEEEGEE3F. 10I ~I

Tovs & ()1 100G () L8 TepeRst asFariaedony o of laimESR O YheEREHS 101 ~Les 2

10% & ()- Y 10% &d&ntr%l mbAUeSdenti HEAROY %&czﬂ)sr allglﬁé‘%f@})e optical signal off-
10% & ()-1JgJKMK>LdLel} A24@0 1 10" &2&1

109 & ()-! & @10%aine Rorp)itsl equidal@netestr{cal @nam% () -
$10% & ()-3eLflLgLtL| LLVMNGE@O 1 10"!;= "109%& ()-!, "10% ()-910%& ()-
Y109 ()-!3 910%&' ()- 10" 10" N, COOKPPQz[ <E@O0 1

5 11.  The transponder according to any one of claims 6 to 9 wherein said

control module identifies the optical signal type of the optical signal on-

line from its equivalent electrical signal.

12.  Automatic optical signal type identification method comprising the steps
10 of:

(a)  converting an optical signal into an electrical signal;

(b)  storing a reference pattern dictionary with a plurality of reference
patterns each uniquely identifying a different optical signal type;
and

15 (c)  spotting a reference pattern embedded in the electrical signal for
identifying the optical signal type of the optical signal,

wherein step (c) includes the steps of:

(cl) spotting a first occurrence of a feature vector uniquely
identified with a transmission protocol embedded in the electrical signal

20 at a first location therealong;

(c2) identifying the transmission protocol associated with the
feature vector and jumping to a second location along the electrical
signal downstream from the first location by a fixed byte length
associated with the transmission protocol as specified in the reference

25 pattern dictionary; and
(c3) spotting the second occurrence of the feature vector

embedded in the electrical signal at the second location.

13.  Automatic optical signal type identification method comprising the steps

30 of:

(a) converting an optical signal into an electrical signal;



10f ' "10%& ()-3 s$-10%& ()-!& 109%& ()-110%& ()-! 100%& ()-!;
10%&' () - BQQAVRR S(S"<. @ 1000! p@7" 10990& ()-! @7"10%& ()-210%& ()-S 0

10%&' ()-!1-10%&' ()- ) 10%& ()-(S)S*S: SSRTr U9V <@

1000! X#10%.<L<& () - & SH10%U<G<& () - & k#10%<&' ()- & 10%<& Z §-Jul dW& <& () -

1000 10009VWWKX) Y) Zz[ 9<@

1000! 3%4.0%& () - E31$10%& ()-/Y. 10%<& () - 1RXFs#10%<& ()- & Fs#10% <| <& ()-& F

S#10%x<<& ()-&) Z, Z-Z. 21 Z=Z@Z[ _= 1000! lr s 10%)& ()-Y'V

1001591 105 () - (SR %3fer’ﬁ8%egﬁa% BRI ity o rdice~
;& () - 310%& ()-!a ! HaHérmis)eatPifriq 1dént fn @Bﬁﬁ‘eﬂéﬁ@b tl&% gy)oe and

$S8810%&’ ()-6 109%& () - @ 109 () s/ 10%& tlo%& ““aSaamNV Y
MLO%@E () - f 10%@& ( {c) spottingeuagierenceypativgrenpedipd@xtie)e ecm&imal faro
10aabbbbccdEMV

identifying the optical signal type of the optical signal,
5 wherein step (c) includes the steps of:
(c1) spotting a first occurrence of a feature vector uniquely identified
with a transmission protocol embedded in the electrical signal at a first
location therealong;
(c2) identifying the transmission protocol associated with the feature
10 vector, reading a byte length field embedded in the electrical signal as
determined by the transmission protocol, and jumping to a second
location along the electrical signal downstream from the first location by
the byte length encoded in the byte length field; and
(c3) spotting the second occurrence of the feature vector embedded in

15 the electrical signal at the second location.

14.  The method according to any one of claims 12 and 13 for an off-line -

identification of the optical signal type of the optical signal.

20 15. The method according to any one of claims 12 and 13 for an on-line

identification of the optical signal type of the optical signal.

16.  Automatic optical signal type identification method comprising the steps
of:
25 (a) converting an optical signal into an electrical signal;
(b) storing a reference pattern dictionary with a plurality of reference
patterns each uniquely identifying a different optical signal type; and
(c) spotting a reference pattern embedded in the electrical signal for
identifying the optical signal type of the optical signal,
30 wherein step (c) includes the step of:
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17. A method according to any one of claims 12 to 16, further
comprising the step of deriving rate related information associated with

said optical signal.

10 18. A method according to any one of claims 12 to 17, further comprising
the step of retrieving a clock indication signal associated with said

optical signal.



