1 | DENTI FI CATI ON OF AN OPTI CAL- LAYER FAI LURE I N A PASSI VE OPTI CAL NETWORK
TECHNI CAL FI ELD 5 The invention relates generally to identification
of an optwoabtdm®yen failure in a passive optical networlpcTBCIKCHOMNE 10
Recently, fiber to the home (FTTH) depl oynments have experienced exponenti al
grow h - fromboth Asia and Europe to North Anerica. For exanple, the
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Gener at i o@@ﬁ@%ﬁ%@gﬂggn%ﬂﬂgﬁ *D%ﬁg?ﬁg\l@kﬁjﬂgllgﬁklgﬁggmls %i@@ M@S per cent
of -hones and 15 offices in SingapRTWAQRK expect ed have broadband access
(-1Go/s) to this new, ultra high-speed, all-fibre network. ~ Passi ve
optical networks (PONs) are the predom nant technol ogy for FTTH depl oynent.
Fig. 1 i SECHNIGAFIELRIrawing illustrating the general configuration of a
20 pagsi ve optical network (PON) 100. Optical Line Termnals (O.Ts) 102 are
| ocat&d at a telecomnmcarrier's central office 104 and Optical Network
Term nal s ( ONT$he iddBdiord 08bteé gehgrally & lestifomation at an bpiicl-Bgeatailgnest @arer s'
prem ses 106a/ 106 he optical distribution network (ODN) 110 is between
the OLTs pfﬁﬂv%ﬂ‘g:'cg\ﬂ%w?%a/ 108b, and is generally 10 - 15 kmin range. A
PON can potentially support high 25 bandwi dth transm ssion due to the use
of fibre, ive (i.e., electrically powered) conponents are used
vvithinth A are currently inplenented using two popul ar

technol ogi es: Ethernet (EPON) and G gabit PON (GPON). In the practical

i npl ement ati o, of P a.low . caqgst op f t f1..30 di i ¢ nodul e
for an ONT isrﬁeﬁsgﬁl%g;lﬁ?erf 5? m-)et ﬁ“otn?ﬁ e@:lomn)cgg#%’@]éﬁ% aggg%sgwg?i\%ﬁ?i&
provi der sxpamshtiaNgroetiufromebdth \Asiadamds Eundibe Ho dvvorthphAimeada. fFan lekamplef thi agnosti

nodul e, ysers can easily .a [ ad. et ect i e L} ures at
nome i TGP O RGP e T O E bl hEE atRhbG e ABHBendutahl °° ©
Tel econmN=ibnaleBroadtzamd Ketworkt(DIGNBN X fian Bad byi2812,95 pertdest @Nomds d1ce pat ch
cord,fe.g.. cut/dirty/bent) or fiber 3 g. t), e ide if
techﬂ%cal%ﬁéc@ s Qﬁééorle?r%ééoc?ézaedarﬂavfehbég%%bgpgr%g&%s? (pﬁlé%sggogh[{)h eg"o?@% t he
probl em Hgresmeedpall-filve thefWd=X) and fail ure nmai nt enance cost may be reduced
as there may be cases where technical assistance need not be sent 2 to the
custoner's prem ses to troubl eshoot and rectify failures. This al so speeds
up the recoverBassive aipjica eretwarks i(ROBISY et thenpreGomieacovecenaogy fODNT Tiht oduct s

may conprjse inteqrated el ectrani 5 diagnostic functi i S, Wwhich
can di agrdggg)ygﬁeegﬁ%rﬂi o 3§]ee|m Id Ocﬁ?\%uﬁgﬁjlhﬂsﬂatgngf g‘%l%elrﬁgpatég%ﬁrgsu relﬂlr? t ear _
el ec2oonipastiay eptidahad¢twoes(FQN) 100. Opticad irine Beeminatse(QLTise A 02iprtel loceted Bhese ONTSs
can report .the failure, ta th T sendi 0g. il i agnosi s
Via the A et Satf ot e el TR foRTRT Sene ity
t he faul t108ad08e¢ordye 20aret dnowap preojocatet eat romstonfers giremisepri@6a/d86b. The

optical distribution network (ODN) 110 is between the OLTs 102 and ONTs

108a/108b, and is generally 10 - 15 km in range. A PON can potentially support high

25  bandwidth transmission due to the use of fibre, and no active (i.e., electrically
powered) components are used within the ODN. PONs are currently implemented

using two popular technologies: Ethernet (EPON) and Gigabit PON (GPON}).

In the practical implementation of PONs, a Ibw-cost optical fault self-

30 diagnostic module for an ONT is important for both telecomm carriers (access
network providers) and ONT equipment vendors. With an optical fault self-diagnostic
module, users can easily and accurately detect optical Iéyer failures at home
with/without the help of technical assistance via a telephone. Telecomm carriers can
know whether the failure is in the ONT, fibre patch cord (e.g. cut/dirty/bent) or fiber

35 (e.g. cut) and can then decide if technical assistance is needed at the customer’s
premises to solve the problem. Operation cost (OPEX) and failure maintenance cost

may be reduced as there may be cases where technical assistance need not be sent



10 However, these commercial ONT products cannot diagnose failures
in the optical layer, e.g., ONT transmtter/receiver failure, optical path
cord bentwoubi2anessdi rty fibre connector, etc, as there ipgTaGhoRAKIKEAOHWN i N
t he conmuni cati on channel between the,OLT and the ONT. Technical staff nust
visit the custoner's premses to 15 %heck such probl ens. This increases
mai nt ena C ASrd DreRdLY i - Il r B, bent
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i dent i fy théheeceveariiof amt $erdke frdérfupties. occur and the responsi ble party for

t hese conponent failures. 200ptical fault diagnostic techniques are
inportant in the practical inplenmentation of PONs. Current optical fault
di agnosti.c netSvous cammérsiat aDdJorpredudts nhay t bempridel omieggptachrelectronic
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st gnal wayel.gngl b 4 ecidgf?n%ﬁégp&g})ﬁélgﬁéééﬁ%&ﬂ‘é@%s ns, respectively. The

failure hitoring 11gh rce vel ength is 1650 nm
so thHat the use 30 of the OIDR 202 does not interfere with the uplink and
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the OTDR 202, \Wen fibre fajlure rs.at the feeder fibre 204 or any
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t he st at us thd fezlder fibrler 204ooraamyhdistribatiorbBbre?i8aar208nc thet received IRayleRfhThe
boves;d i b h d t der fi.bre,fail 1d_di ff tiat
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35 branch has to be identical and has to be known by the service centre
before usage. Furthernore, the fault diagnostic |ight source at the OLT has
to have awoavelm®agbh sweepi ng capability, which is not eostscebf@odiiye. The
nonitoring |ight source also 4 occupipes a wavel ength band. This nonitoring
waveband is increased with the increaSe of ONT nunbers in the PON. This
noni tori I t n aI |y
affect t eng%\\fﬁrPﬁEEGgﬁa?%p!?a?\%kde@gq}l;cg%és trg?grﬂﬁ g@!c%ﬁa@ég\gjagoggé&ﬁ) a};en t he
branch namderroofetebtors@D)A1gni fi cantly increases. 5 I.n order to accurately
| ocate both feeder and distribution fibre failure, while keeping the
failure nonitoring source sinple, there is a third optical fault diagnostic
net hod. Fig. Ahismethedhiensiaiivelydsiapteaand lowdsdst alnicega @oncraencetly iavaitdbleopt i cal

faul t _di tic t si.n directiaon opt.ical .ti nai
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408a. 40&mratontd1ﬁnmns>ho‘M§ s Thisdaethod ekn monabmratleey lbeste thé @ilurevnbh a
wavel engt e at i ht to,.pass,, These, opti cal
filters err %n {aﬂe w@gﬁrgrqr}ghh@t lérﬁein OV%EHD %\%ﬁ%?eethfs PPpled. 38@0?'2 at the
f eeddd f idptiegl-faditediagrioRtid O2thaa (bkldeﬁﬂlied@élod@bmbs usée fibre failure in the
PON, which is the sane as the first schene. Wen a distribution fibre
failure occurs, service data is interrupted. Another OIDR 410 with a

wavel engt h of FAQ( B66&5 anmkheéraatics ethghamt rNestmjmganbom/ea'tldmlt@ptmseasaurlle and
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I NCrease Ste COSt

, 1 be a ciated by a rson
skilled i r?b%?ééort 'ﬂatbqrﬁep%??o%erngﬁ':bo#e“d s |98§$raf’%9y€r g?'atﬁ("’lm‘&%pcggnosti c
met hods rsaturatet yamtmussuoemm waogengthiturliny eapdtality .t sFibér. Bragg(Eidtifgsor e
failure h f fibre.and distribution fi for
optical - ((#egﬁy?é\%gu?%é’ %fa‘ﬁs?'é'a telr){eﬂwnopﬁ{va[vE% rgr%acg ra(tir)eo%?'d\ecut pat ch
cordgp t lkacBlibeabraveh Beem Go@d a@mt braath Iucameferf auléacdlsa@lepmgldycléetmaods can
not effecti. velrﬁ det e

vInt nfdho atnﬁ%,tnheslefaj ures ﬁ}g Qt,}h
t el ecommTUFYPEMEVEIENGR Alhine "Moning. $198g: Scaven a‘ipé' 'mf'oéisyu ed by Tx,
Rx in thenGhdd DA géubeslpebtm Mlh@hthBOFBkS 30%a. .eJ0bhadepitt vpveleabthon,
mai nt enance and r?p?l b net wor
matches tha the wavelengt sweeplng momtormg source, an optical pulse is
generated and reflected upstream to a monitoring photodiode 308 via a circulator
25  310. The operational status of a certain fiber branch is signified by the presencé of
the respective optical pulse in each sweeping period. By demultiplexing the detected
optical pulses in each sweeping time period, the status of all fibre branches can be

monitored continuously.

30 The above-described scheme can detect feeder fibre failure and differentiate
which branch has a failure. However, this scheme is more complicatéd than the first
scheme. In the second scheme, each distribution branch has fo be implemented with
an extra FBG with a different center wavelength, i.e. it is not colorless. This
increases the installation complexity and cost since the extra FBG installed in each

35 branch has to be identical and has to be known by the service centre before usage.
Furthermore, the fault diagnostic light source at the OLT has to have a wavelength

sweeping capability, which is not cost-effective. The monitoring light source also



35A need therefore exists to provide a nethod and apparatus for identifying
an optical-layer failure in a passive optical network that seeks to address
at | east woeonfootdze abovenenti oned problenms. SUMVARY OpeTasperioo@fizt he
present invention provides a nethod o% identifying an 5 optical-Ilayer
failure in a passive optical network (PON), the nethod conprising the steps

of : perfogig gﬁ( ter%&e?@ﬁkbcﬁﬁ) V‘%g, %nﬂ&l}r{g"ﬁs}av&%ﬁa”ﬁi &%@Qd A e an

optical netwo a test “port determ ning if
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error perS|sts a ter nnec Wherei iothe o allure S
i denti f i échnbarssbnoespecilly wbheah the brbntah meberrap thet H’@N&ignufe:aatﬂ)eipsr.eases I n

al terpate enbodi ments, the nethod may further include a step wherein a
patch“cord failure is identified when the error persists after the

| oop- back and lafarder tbrm:c&@mimt@atei both feedexdatict disinblticentirdifaiume swhitehe net hod

¢ i e h
T o U VBbat By R, RLRIHAEID fup, S 8 bARR S e
Addi ti onahétyod anFigDM fsi beschfamahclrcbagralyl Hiestraiegtafdoedervﬂoeal ppticabrfadtr does

20 not pefsl st Al flod 15,4 890-haclerBboRel Sl &l Slad imaenpsrRen A1 RX

failure ma e err does not ers
| oop-1bacld02nd ekt lght wiie acavaleoyihard A4 (1658 omg fren‘oardDﬂF@Rtmz iblae QirTr 404 may

| ncl ude an lrn‘:t“lrod&F lﬁ%ﬁ@%‘n@% P(%‘ oIePech%f o;?\rr’cgpfaﬂtt]rgg ﬁ}%bfp(glkl nchot%al f}ltgcst Im:;;hod

may furtHe dSRAECTOrs an orr
pat ch cor4)6posiotn arg mgtatled mrthe termmaruom rabigs attbe froopefleptiéal nétverONAitsTay be a

G gabi t PQN ?P% 04{08ﬁt eetcug FP a erg\g"mﬁ”urec‘%fg%ﬁaﬁ%ﬁc‘k’ Of t he

pr esent I on prOV|d s an optl tect gvet hod
for a pasmvetengtbmfdalanddb\aﬂow tlnmcd)mmungamfn lightt ite ahss eThesekoptiealfiltesd  ( ONT)

VLD B, b B Sk o R A AR TR Pk B B B )
(ODN) vi @H)I_Ed_ﬁﬂumthea@ln.‘bnm petebtsdbanﬁblcetfetmrem the PPNj which mthersaomrals t he
e o o OBR R S S P RT FBL L B B TR 2t 28
sai d t estArnother;OTRR écttb ity awlmtellmgtrsaﬁ X (¢865nm3 isatsed puetm aisgymerasfsideni ng t he
et ner <arireapEan<Perts Ryl e SRkl el TR e b e
20  bi-directional conventional OTDR at both OLT 404 and ONT sides to diagnose
optical-layer failure and can locate fibers fault accurately. The fault monitoring light
source is also simple and low-cost. However, the scheme employs two conventional
OTDRs 402/410 and an extra optical filter 406a...406n is needed at each ONU
. 408a...408n branch. These additional devices increase the system cost.
25
It will be appreciated by a person skilled in the art that the above mentioned
optical-layer fault diagnostic methods may only detect certain optical-layer faults, i.e.,
ODN fibre failure (including both feeder fibre and distribution fiber). However, for
optical-layer failures caused by Tx, Rx in the ONT and diﬁy/benﬂcut patch cords, the
30 above mentioned optical-layer fault diagnostic methods can not effectively detect and
locate these failures. It is desirable for telecomm carriers to be able to detect optical-
layer failures caused by Tx, Rx in the ONT and dirty/bent/cut patch cords for efficient

operation, maintenance and repair of their networks.

35 A need therefore exists to provide a method and apparatus for identifying an
optical-layer failure in a passive optical network that seeks to address at least one of

the abovementioned problems.



6 an Rx circuit fault if the error state firstly does not persist and
secondly does not recur; determning there to be an ODN failure if said
error stawvehiw®tdsy does not persist but secondly does rewsGodsb@nsi ni ng
there to be a Tx circuit failure if said error state firstly persists and
secondl y does not persist; and deternfning there to be a patch 5cord
failure if said error state firstly persists and secondly persists. BRI EF
DESCRI PTI ON OF THE DRAW NGS 10l n t he draw ngs: Fig. 1 is a schemtic
di agram iSUMMARYX i ng the general configuration of passive optical network
(PON); 15Fig. 2 is a schematic diagramillustrating a known (Prior Art)
optical fault diagnostic nmethod using an optical tinme domain reflectoneter
(OTDR); -OriEi gspegtiod the snemrmim\centj@lagxrmdésl Busethat i ofgidentifyiogwan( Pri or
Art) ppti f di agn \ nitorin
Sour c8 - gtaHr SR DR ELARE Bl POy Widhot BIRERIAGET 11 o
Art) optisteds 6faulperfoindigm @s toop-baek Hetiveesi ag thlbal cbmmumcatmml paptdfcal tinme

domai n ref to r . ) c_di agram of
an opt i P IR g ioNTa e isshaps e Bt AER Uy e
accor di ngetsistarafeniibeli logmbaakf dohaeqimgstbatteshwentmfoﬂme ONT to anFogjicab is a

flow Pharc{]st l#utlgﬁee%vo'r &l?lq gf%é aﬂgd{gteqh%ﬁttﬁe e#?@rt&?&\sé (ft%F ?Heng to an

enbodi men pres nven |on a sequence
phot d@r ap:losnedtlbus twheteaim ghe ampt‘malslaymt failate- hsay@rntlfnad | hased doraghe)srtesultss cenari os

under B-C,l 00 C s, according to an enbodi nent of the present
|nvent|on°bt 'ﬂ%#oa'ﬁlfhego%q' 3’@ 8 is agraph illustrating the estinated total

cost reduction between 35enbod|nents of the present i nvention and
convent i nal %T % 0, ostic function.
WO 2012 / 3%5 %%an%fp%o&?l e!‘}%d ngy ?&}Jther%)(c?ud g%ltép th%ﬂ‘ng a?ch

cord failure is identified when the error persists after the loop-back and after the '

15 connection.

In additional embodiments, the method may further include a step wherein a Tx
failure is identified when the error persists after the loop-back but not after the
connection. Additionally, an ODN fiber failure may be identified when the error does

20 not persist after the loop-back but persists after the connection. An RX failure may
be identified when thé error does not persist after the loop-back and after the
connection. In some embodiments, the error may include an error generated by the
ONT.

25 In other embodiments, the method may further include a step of cleaning fiber
connectors and correcting patch cord positioning prior to performing the loop-back.
The ONT may be a Gigabit PON (GPON) or Ethernet PON (EPON) ONT.

A further aspect of the present invention provides an bbtical-layer failure detection
30 method for a passive optical network including an optical network terminal (ONT) with
a test port and an optical transmission (Tx) circuit and an optical reception (Rx) circuit
both connected to an optical distribution network (ODN) via a communications port
connected to an optical patch cord, the method comprising: detecting a
communications error state; forming a loop back connection of said patch cord
35 between said communications port and said test port; detecting whether said error
state persists; reforming the patch cord connection between said test port and said

ODN; detecting whether said error state persists or recurs; determining there to be



DETAI LED DESCRI PTI ON One enbodi nent of the present invention provides an
optical failure self- 5 diagnostic nodule for use in either a Ggabit PON
(GPON) orwbtbermessoPON (EPON) Optical Network Term nal @ONEG20i2moenst her
enbodi ment of the present invention, éhere is provided a self-diagnostic
met hod to di agnose and identify optical-layer failures. In this

descripti terms sel f-di b C o r ; - 1 ng

di agnosi ﬁg?‘ﬁ %E%'{Iegaﬁg]on:t ﬁ%gérrr%t%%@q?%%d?éesg ﬁtl ;z%{'%@gtﬁ a fSg ﬁoﬁg t8 ﬁée§c gétz?ess
networ k t€cyprasiérduming thesetosbecam OB faildredipaik errerradate diestly idogs optreassist | ayer
failures r 1ttre : c : F LLadr e)
easily b;?ﬁ‘ﬁé%ﬁad'@ﬁg’gﬁgé u?’eaeéﬁh‘”rﬁ’gthﬁeg%hoo%b g?%%r"‘g@gg% lfaﬁ%glrrég%t% {éé of the
present ifirsflgrperssts and sesnydiy aloes not persistiearsl detarniniagribere torksbe epatchand

repai g t il Ures. ' . present invention are
not o[ﬁl yrégﬁff?g rgé b&fé(réﬁg ?%?,ﬁ JS%CSET%Q’?%%EJ.&'XS’E’ \ and EPON, but al so
Wavel ength Division Miltiplexing PON (WDMPON) and Wavel ength Divi si on

Mul ti pl exi ng/ Ti me-Di vision Miltiplexing (WOl WIDM hybrid PON systens. Fig.
5 is a schematic of an optical failure self-diagnostic nodule 501 for use
in 20 a GRIEFHFESCRNATIONOFVEHERRAWINGS ci al | y avai |l abl e ONT devi ces may
be used. By way of exanple and not limtation, the ONT nay be an Aztech,
GPON20OEL (http://ww. azt ech. conf prod GPON. ht M ). The fibers froman O.T
502 t10 a cust omte drapingsi se 504 are known as optical distribution network
(ODN) fibers 506. A fibre patch cord 506 is used to connect the ONT 508 to
a fibre connector 25socket 510. The fiber connector socket 510 conprises an
opti cal commurig at is@nsqghentatit Alagrarhdlusiratingathe fgehénat eordiglifatidn afjpassivec nodul e
501 can bhe,.egsi yhdependently integrated into the conventional

cPoN EPONP “%B%’.”?%%N&\rr 508 conprises an optical conmunication port 'B
and a test port 'C . The ONT 508 has a WDM circuit 517 connected to a
transpi ssion (Ix),circuit 5 r o) Cl [N ‘ tical
fi beﬁg]connect i(F(591 %cﬁ Fss%,enﬁ%gnogé]%a'g‘r 'gg%r%g'bé aée]éﬁ%m&’”&] %ﬁgoé%%}g%lf'@ai l ure
sel f - di agiegsiosiic meitiot @siB hnalpsicalitinel doiesn eeflehionetdddOFOR)r (PD) 512 with a
recei ved wavel ength range of 1100 to 1650 nm and an optical -1 ayer fault

di agnostic functional nodule 514. The optical -layer fault diagnostic
functional 35 Figdallie abdehenstic atidgrgmr dasttatingrao keewn t(Reor Adk opiah! daudli cal

light fromthe. ' i f . ical - | fai |
Sconar | oD RA SRR B~ e B e Bl PE S ERS o Cor di ng 1o the

recei2@0ed optical power. The received PD power is 8 advantageously only
used for optical-}ayer_fault. diagnosti po AL ALS LF ent of
and does not ﬁ@ 'eJr} f'e?es?/u%h?tt'f hdégﬁ?ri%g‘lﬁhﬁafﬁ&na ?ﬁ@é’?{;gﬁ&si‘\gﬁé’w%ﬁ%@p(i .e.,
downl i nk diagmoalic methet! weithglaybitdirectidnatoptical tm&d@&hain&llagptontetes(QI OR)ow chart
illustrating an optical fault diagnostic nmethod 600. At step 602, a user
encounters a service interruption (error state). ‘At step 604, the user
checks whet herFig.heisQL $chrepcaticvdisgramdaitan epittabiaileerseif-dieg®aiemotifiletfhe OLT

ey o ai farte REOSEEOTEAT. ABEIRA0 i ol HBebdeb Aihe Pt BnBog) *“Thar

is, the OLT does not receive 10 any error nessage when using an

el ectronic-layer failpre di i. e f ' or cial ONTs
since the opt i'ﬁ%‘lg'Isa%/ﬂ?wfca?ﬁglpu%%r%gég %B %%éﬁaltf%%pc% %Sﬁ?%ﬁggn&%%rggl

bet ween tthan@nbodimkrtt oétheldfesent invérdioB. T does not receive a (conmuni cations)
data and/or error nmessage, it 15 inplies that an optical-layer failure
(e.g., ODN fiber, patch cord, Tx circuit, or Rx circuit failure) has
occurdfed. At dHigp7 6DBwst deseqeemncec bk ahstogtaph$ iilhetratng ivetows sptinattiayer r ect s

the patch_cord positio ml | radi ys ading, . j O | nk,
i st euEre oBOR v Brds BB WS g A SRR sk BT o O
i f an er rembadimemtaf treet prelséred inyentey, shdt s or not; indicated by LEDs or an
error nessage di splayed on

Fig. 8 is a graph illustrating the estimated total cost reduction between
35 embodiments of the present invention and conventional schemes for providing

optical-layer fault diagnostic function.



20 the ONT panel). If an error is indicated, the inplication is that either
a Tx circuit 516 or patch cord 506 failure has occurred. O herw se, the

i mpl i cat g 0f/dobah el ther an ODN fiber 506 or Rx circuipbr&Boiabéds e has
occurred. In both cases, the user ref9r nms- an A-C port connection (step 612

or 614). 25In the case of either a Tx'circuit 516 or patch cord 506
failure, after step 612, the user checks if an error is indicated (e.qg.

i ndi cated by LED 513 or an error nessage di splayed on the ONT panel). If an
error i s DEDAKLEDEDESCRIPTIQNI cation is that there is a patch cord 506
failure and the connectors can be either cleaned or replaced (step 616).

QO herwi se, the inplication is that there is a Tx circuit 516 failure 30and
t he user can @xd embeditreine ©diime pegsenteinveotiorf pravites ars sptidadiaitird sefp. 618) .

In the case of,.either .an ODN f.i ber .506. j it,518 ' ft
Step B1a e apIThadlesth citeldt oDy EONTRAQNEY Fusil SENMETNG '
Ir:cacurs; ioﬂicalametd/gbyTltaﬁgDﬁalsﬁmg. .elnralcnpthétegearm@_einmls':rﬁroif at%eeﬂre@er_ltt iheerﬁ?éig,N p?_ngl ).

an error 1.s-1nailc e ne 1 C Ion IS a er. | S,.a | per
506 fai | (PR PORESE o perktSncaie PrlSfub Slaufebaatd W, opudlege
12 DB O G e oy et B1g ol |t o and th

t re | s, an | J CUl al re.an t he

user can nPsT‘ﬂg%Pé'F c@ﬁ’ﬁre&a?otTeCtP'?J?ql%ﬁﬁa@%’f‘sghgnégce(s& 8%‘"85‘2). I'n
t he abovlepr@m@er_ 5 8. beLdseTﬁtb?}d_,slélﬂfdiagﬁoag_néﬁdi si_dfahﬂifp\r/]vaptidaelayed efailures c@ld.j er _tgl 5
accur ate i ti e failure i.dengi t he party that is. responsible
ot pe AT of ONTOPegh OB Ang Dy R b &Py B ising 8 imddhis 301~ by
t herrsel vaRe ofieth®E bc@s8ing ttarsebddirnente b rthe rpredeat Wwardisrs. Ifringany/casteenws a
sequence of B&gt ographs illust rqti ng v(ilri ous ' ailure

?*Ft |fc | -l ayer , 10
di agnost i%SORERS F8s (RSB PEOYIYBD- BAT K PBIRAMS ofRlUreshaY | S ®fs used to
i ndi cat e Embddiraéntk ayfethefl prélsents tesationoare Inbt foinfy. suitably forl Elre2POSIshri ght |y

and (Rer g BEGHY aaf EPRE BUF afe Whalaeah Bl efiplme ot | 1T
I ndi cat ePodMpandWvBlehgdl Divigloar Miilaplexing/ Tives Divigiar Mettiphsirgh@WDMITDM) gs. 7

(b) and (%.. i 7 (b), the optical fiber 15patch cord is dirty or cut.
In Fig. 7YPY Fwﬁgmﬁ'cal fiber is bent 704. Tabl e 1 bel ow conpares

the performance of embodinents of the present invention with the current
oDl ayer ol L RgnSRL P SRRk lon BBy S 591 B A0
20perbor AGFRON/EPON ONAI 5081y eVarioas | donthergias aivaikible BNTet®vides may be
used. By way of e'xample and not limitation, the ONT may be an Aztech,
GPON200EL (http://www.aztech.com/prod_GPON.html). The fibers from an OLT 502
to a customer’s premise 504 are known as optical distribution network (ODN) fibers
506. A fibre patch cord 506 is used to connect the ONT 508 to a fibre connector
25 socket 510. The fiber connector socket 510 comprises an optical communication
port ‘A’. The optical failure self-diagnostic module 501 can be easily and
independently integrated into the conventional GPON/EPON ONT 508. The ONT
508 comprises an optical communication port ‘B’ and a test port ‘C’. The ONT 508
has a WDM circuit 517 connected to a transmission (Tx)' circuit 516 and a reception

30 (Rx)circuit 518. Optical fiber connection ports A, B and C are provided.

The optical failure self-diagnostic module 501 also includes a Photo Detector

(PD) 512 with a received wavelength range of 1100 to 1650 nm and an optical-layer

fault diagnostic functional module 514. The optical-layer fault diagnostic functional

- 35 module 514 is configured to process the received optical light from the PD 512 and to
display different optical-layer failure scenarios via an indicator 513 (e.g. an LED

indicator) according to the received optical power. The received PD  power is



Schenme 2 Scheme 3 Exanpl e enbodi nents of the present invention Failure

moni toring light source OTDR/ Single wavel ength Broadband |ight source Two
OTDRf Two wl\veizngdsns No fai I ure nonitoring Ii ght sour ce peolsenbizabooas f ect on
downl i nk/ uplink data 8

advantageously only used for optical-layer fault diagnostic purposes and it is
independent of and does not mterfere with the original ONT received signal power '

(i.e., downlink signai received by the Rx circuit 518).

5 Fig. 6 is a flow chart illustrating an optical fault diagnostic method 600. At
step 602, a user encounters a service interruption (error state). At step 604, the user
checks whether the OLT receives a data and/or error message. If the OLT receives a
data and/or error message, the implication is that an electronic layer failure has
occurred and the diagnosis is complete (step 606). That is, the OLT does not receive

10  any error message when using an electronic-layer failure diagnostic module found in
current commercial ONTs since the optical-layer failure has broken the

communication channel between the OLT and the ONT.

If the OLT does not receive a (communications) data and/or error message, it

15  implies that an optical-layer failure (e.g., ODN fiber, patch cord, Tx circuit, or Rx
| circuit failure) has occurred. At step 608, the user cleans all fiber connectors and
corrects the patch cord position (e.g., no small radius bending, torsion, kink, twist,

etc), and forms a B-C port loop back. At step 610, the user checks if an error is
indicated (e.g. persists or not; indicated by LEDs or an error message displayed on

20 the ONT panel). If an error is indicated, the implication is that either a Tx circuit 516
or patch cord 506 failUre has occurred. Otherwise, the implication is that either an

ODN fiber 506 or Rx circuit 518 failure has occurred. In both cases, the user reforms

an A-C port connection (step 612 or 614).

25 in the case of either a Tx circuit 516 or patch cord 506 failure, after step 612,
the user checks if an error is indicated (e.g. indicated by LED 513 or an error
message displayed on the ONT panel). If an error is indicated, the impilication is that
there is a patch cord 506 failure and the connectors can be either cleaned or
replaced (step 616). Otherwise, the implication is that there is a Tx circuit 516 failure

30 and the user can call the telecomm carrier for further assistance (step 618).

In the case of either an ODNl fiber 506 or Rx circuit 518 failure, after step 614,

the user checks if an error is indicated (e.g. persists or recurs; indicated by LEDs or

_ an error message displayed on the ONT panel). If an error is indicated, the
35 |mpI|cat|on is that there is an ODN fiber 506 failure and the user can call the

telecomm carrier for further assistance (step 620) Otherwise, the |mphcat|on is that



Low Strong nmedium No effect Extra wavel ength reflector at each branch No
Yes/ FBGwith different centre wavel ength Yes/optical filter wwth identi cal

centre waygl8aobszlo Pat ch cord/ RW Tx di agnosti c capabi lpictrscher2Ngoohe
9 ,

there is an Rx circuit 518 failure and the user can call the telecomm carrier for further

assistance (step 622).

in the above described method, the diagnosis allows the telecomm carrier to .
5 accurately identify the failure and identify the party that is responsible for the failure.
In certain scenarios, customers can repair the fault by themselves or seek assistance

from appropriate vendors.

Fig. 7 shows a sequence of photographs illustrating various optical-layer
10 failure diagnostic scenarios under B-C loop-back conditions. The LED 702 is used to
indicate optical-layer fault scenarios. In Fig. 7 (a), LED 702 is brightly lit which
indicates that adequate light-power has been received in the PD and there is no
optical-layer failure. When the LED 702 is not lit, it indicates that an optical-layer
failure has occurred as shown in Figs. 7 (b) and (c). In Fig. 7 (b), the optical fiber

15  patch cord is dirty or cut. In Fig. 7 (c), the optical fiber is bent 704. |

Table 1 below compares the performance of embodiments of the present
It will be

appreciated that embodiments of the present invention provide relatively better

invention with the current optical-layer fault diagnostic schemes.

20 performance in optical-layer fault diagnostics.

Scheme 1 Scheme 2 Scheme 3 Example
embodiments
of the present

invention
Failure monitoring OTDR/ Broadband light Two OTDR/Two No failure-
light source Single source wavelengths monitoring light
wavelength source
Potential effect on Low Strong medium No effect
downlink/uplink data
Extra wavelength No Yes/FBG with Yes)optical filter No
reflector at each different centre with identical centre
branch wavelength wavelength
Patch cord/Rx/ Tx No No No Yes
diagnostic capability
Scheme complexity Simple Complex complex simple

Table 1




Yes Schene conplexity Sinple Conplex conplex sinple 10 Fig. 8is a
graph illustrating the estimated total cost reduction between enbodi nents

of the prgeeRiydobdsgnti on and conventional schenes (descpichgdeR@¥ensf or
provi ding optical -layer fault diagnostic function. Here, total cost

reduction: CTCR '- (CsnherneCi nv) Cscdferme |. where i = 1, 2, 3; Cschene i
represents the.total increased. 5cost per,. ONU f.or providing optical-1ayer
fault di agnosfFi'% %dﬁc? ig(S?P%] ﬁﬁggﬁg}%he; e%ﬁ@fﬂ nf\(?{arl ecﬁ?teé% cgon ﬁ)«?t"f’%%nal

i ncr easednuasiimerds ofoid gresend irventibrmand pdnveatiorzh g elienfiesu{des clibegratoive c
function .accordi ng t.o enbodi ts of the.present, jnvention., Fig. 8 shows
thact i o B Bufing SetiCTRie i dedhothie feed HerB el bl edfnn Gipaar mont s
of dt he pr(egtglmgi-iw@nmsggneqam/hsm eatti al Byjc:ggegyiirdereagmtedmtdtﬂnncrbawﬁ; Qﬁ%
and 99% tota 10per. .ONU,,. r ect | coqnpared with the current three
G ohends. cost per ON g aovining Soish N piik SanSTRYaio M SsUTS Cowe coot
opt ihcgl fr@;i()jrfegérﬂs stpkf fdﬂz@alaq?c]atsia@ dfff}d_t?a D gor feroviGRENOBiaNaGT f;amd a

net hod to, di agnose optical - er ilures, (e.q. tran tter/receiver
o or e PR e e Aiing St rmgths 31 % afigert Bueniy 1hio o Sharser ot oty
ang eazi Itu%ts? _blhﬁ/tdirﬁg ta@l eptRamagear Faudtr -ai?gﬁw;]ibanhembdrpoahbdm% Gfahthebe
reduced an I lure recovery tinme gan horten Curre . these
oo os sert e thpiean oAl PouR Grronutan ot 61 i 2% dri bt Meligps
convapt i praloNLyrEseetiily EMpreddile e cuienbthesdrsshierat s of the present
invention, telecommcarriers can easily determ ne the optical-layer failure

and identify the party 20 responsible for the optical-layer failures
(si nce networ KEmiSsHivpentts i sheapr@sritanveh@ion pyoviad & ilgl-eostedptiosShiluré tseifs

envi sioned that val ue-added s i e ,_an alarmwhen a fiber patch
cord is lﬁgf'?ﬂno fic ﬁ‘oggﬁr‘fgﬂgfﬂg"ﬁ §Eé¢§§9&cgﬁT£”g@ B‘@ﬂ}ﬂdo@i °t% OBﬁ%"’l"orrer s.
The enbOdéyé%ﬁii&:rékese:g.i,'lmfir @’éﬁMﬁitt@f/@céip@ﬂ'iaﬁlaﬂé:, euﬂtferhfaﬁgdyhiegadtcﬁmim tZﬁ
acces ne I KS; artil cul ar sSSi.ve O | C net Wor Ks. | ur er nor e, e
e BN 3t ey SR e e o By TRipfir prRr s abetalBn o5t i oo
?cti ve ?W@P{E&@%ﬁ#ﬁg@éﬂﬂé@ﬂ%ﬁ@%ihﬁ@%c@ﬁ@yﬁiﬁﬁcﬁahybke%m | ' Sﬁ@'&iﬁMt'y’?hﬁé ;/el y
OW Ccost .. . W . pbe apprecl ate person | e e art,. a
norer o e PR aER KA ROM Ben e B Sty O HHIBRDS ent

i nventi ?rbtoﬂrﬁnérbi@mtl\l:'mprbti@ctﬁ.mig‘i gmgb&muh})&gm%@&w&ﬂ% iir(ﬁj@nfidir?ﬁél@c@’ﬁhfi t or
scope O e I nventi on a roa escr ed. .ne e odl Nts are, :
Cher of or SAMEES EA GRENUAIREIMITe df'e SRICAERYE {2ilUfke aNd dLTHit 06 BRI not

rest poct ir§ponsible for the optical-layer failures (since networks components are provided by
multiple vendors). It is envisioned that value-added services (e.g., an alarm when a

fiber patch cord is bent or a connector is dirty) can also be provided to customers.

The embodiments described above are applicable to broadband optical
25 access networks; particularly passive optical networks. Furthermore, the
embodiments described above advantageously utilize off-the-shelf optical active and

passive components that are readily available and relatively low-cost.

It will be appreciated by a person skilled in the art that numerous variations

30 and/or modifications may be made to the present invention as shown in the
embodiments without departing from a spirit or scope of the invention as broadly
described. The embodiments are, therefore, to be considered in all respects to be

illustrative and not restrictive.



11 CLAIMS 1. A nethod of identifying an optical-layer failure in a passive
optical network 5(PON), the nmethod conprising the steps of:

per f or mi ngoaoiwwpssback between an optical conmmuni cati onppesG2ef/oasiopt i cal
network termnal (ONT) and a test por1t1 of the ONT; determining if an error
persi sts after the | oop-back; connecting the test port of the
ONT to arp o al distribution network (ODN) of 10 the PON, and determ ning
if the error persists after the connection; wherein the
optical-layer failure is identified based on the results obtained fromthe
above steps. 152. The nethod as clainmed in claim.1, wherein a patch cord
failure is identified when the error persists after the | oop-back and after
t he connecti oA nigtiidueoidentfyingsancorticakidyernfaiurai imal passiver epticabindtwoflai | ure i s

ident'figﬁpw,gﬂeh@%&% rﬁg{g%g&% gn;;,er t he | oop-back but not after the

connect i as- cracied in claim 1, wherein an CDN fi ber
failure is idgeetfofmied anhembatiebetiveen adamdicaladonpeursicationgfartesf drheptlcabp- back

but persists ter nnect i Eﬂﬁ..mat hod as clained in claiml,
wher ei n éwehggr?g?rﬁmbr}ail(ﬂtﬁlgff%n? Eefsli)écc)ft\?\ﬁtgﬁ e 25error does not persist after
t he | oop- back detetmirfingeif ab kerocperniststafienthe i6op-Baek; net hod as cl ai ned i n any of
the preceding clalns, wherein t r _cCOnprises.an. error ted by the
o, 507 The et Ra ittt SN R kRl e Rl RESBMG b e
conpriDsi riige PO&; and .

determining if the error persists affter the connection;

wherein the optical-layer failure is identified based on the results obtained

from the above steps.

15 2. The method as claimed in claim 1, wherein a patch cord failure is identified

when the error persists after the loop-back and after the connection.

3. The met'hod as claimed in claim 1, wherein a Tx failure is identified when the
error persists after the loop-back but not after the connection.

20
4, The method as claimed in claim 1, wherein an ODN fiber failure is identified

when the error does not persist after the loop-back but persists after the connection.

5. The method as claimed in claim 1, wherein a RX failure is identified when the

25  error does not persist after the loop-back and after the connection.

6. The method as claimed in any of the preceding claims, wherein the error

comprises an error generated by the ONT.

30 7. The method as claimed in any of the preceding claims, further comprising the
step of cleaning fiber connectors and correcting patch cord positioning prior to

performing the loop-back.

8. The method as claimed in any of the preceding claims, wherein the ONT is a
.35  Gigabit PON (GPON) or Ethernet PON (EPON) ONT.



step of cleaning fiber connectors and correcting patch cord positioning
prior to performng the | oop-back. 12 9.An optical-layer failure detection
met hod f owoaopamsedzue optical network including an opti cecTsetvrrokodier m nal
(ONT) with a test port and an optlcal transmi ssion (Tx) circuit and an
optical reception (Rx) circuit both cgnnect ed to an optical distribution
net wor k (ODN) L r d C tch
cord, the9 met ho‘\élld ggcn%rl Si %ﬁﬂ {i’é"cégtfb‘?m Enaeqrgayn{?rﬁl?c %Igs(l)\?lég E{:éolrﬁé@p(a

form ng andietipg aclopticainegtivodn termirsai (ﬁfﬁfé)t stithcer teshegane@nds an doptical

COMMUNT o3 ONRRA'(Tx RO AU LE8bu e docclsl RSl A8 MIBHNEIRRI raor St ate

persists bet ween- aad test port and
sai d CDN; opdeﬂl el(Sltmbm@oWleka (GRNpvie rarcmmmuracamope psitsbsnanted ocanr sptlcal
deterpini rcuit fault if the error state firstly does
not p r5|sIal Sréé(:%ﬁg]%dac&"@'Sﬁ recur; - determning there to

be an CDN fal Idetee:tmg asammaanon$eerestdterst | y does  not 15perS| st but
SECNLY 028 S 5, el BT AR GulE Pl BRE, g e
det er m nicognunirationpdreard paid tdst pont,d failure if said error state firstly
persists and 3REONGS WhBREPLSS Sirofdate persists:
10 reforming the patch cord connection between said test port and said ODN,;
detecting whether said error state persists or recurs; ‘
determining there to be an Rx circuit fault if the error state firstly does not
persist and secondly does not recur,;
determining there to be an ODN failure if said error state firstly does not
15  persist but secondly does recur; ,
determining there to be a Tx circuit failure if said error state firstly persists and
secondly does not persist; and
determining there to be a patch cord failure if said error state firstly persists
and secondly persists. |
20



