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OPTI*CAL NETWORK K This invention relates to an opti cal

net'aor k. Currently, in the United Kingdom the

t el ecomuni cations network 5 i nohpxbsedaimderwirelataror k which is
substantially conpletely constituted by opti cal fibre, and a | ocal

access network which is substantially ¢ ely constituted by copper
pairs. In futuBACKGR@GUND QF ik i[v)(’&&ﬁé&te to have a fixed, resilient,

transparent tel ecommunications infrastructure all the way to custoner
prem ses, w’éh apaci t¥. for all foreseeable service requirenents - or
at least to poﬂ# °(@?§f‘“’ Phe kerb) closer to such custoner prem ses.
One way of achieving this would be to create a fully-managed fibre

network for the accegs 40RA0TAREMion Peldtes’ &F lahV Ainprove@ Pind¥pwirer biai motes an
optical tree access network, such as passive optical networks (PONs)

whi ch i ncorporgﬁ,ﬁcﬁjaﬂglte a'id haiilgi 6 braidaps dbeetly depussd ondhé lihing, and the
active electronics. 1 I'n a PON, a single fibre is fed out froma
head- end (exchelagt clotindaving the samenazhtourt and confimuatian epthechia eqners the s at
cabinets and distribution points (DPs) to . feed optical network upits
(ONUs). The ONlisingzandotheibra cups,aindras whelespiese singlg-edge sewing ig pefpaasd at
‘serving a nunber

f t . .Th f tjcal ittt bl i
sharing of the e“g’rgér%ﬁhqgﬁr%ﬁﬂoﬁ EE ¥ gangﬁg%ﬁge%ﬁ% IrP&sgﬁr’ %‘f}\% eg'piegfsa Wit i on
QLT) 20 ' t . th b Vi P { ) .
STl ex_ depl oy RO the Wigt feiaxpolk, CThadh ANPERET b RcSaus
separate upstr gag.30d:dAWis) E6Ave the manufacturing cost and increase the production

rate and the comfort of wearing, and particularly it features an economic way of

production and has the effect of perfect fit without binding.
Description of the Prior Art

The female brassiere is an important item that decorates the shape of a

15 woman’s bust; and it does not only allow the growing breasts to develop
properly by completely holding the breasts, but it also can avoid the external
expansion and of the breast, and provide a bra for adults to show the erecting
breast and the ditch of the bust. Therefore it is a daily necessity for women

for years. Due to the influence of fashions, transparent, low-cut, and curve

20 exposed brassiere generally embarrasses the users. The latest model of the
brassiere has a big change in its design, and that is to hide the wire to provide

an unaccentuated look and allow the user to go with the fashion. However, the
conventional underwire bras have a structure as shown in Figures 1 and 2 and

they generally have wire 11 along the periphery of the bra cup 12, and a piece



PONs are provided whereby each custoner has two fibres. Although sinplex
wor ki ng i ncreases the conplexity of the infrastructure due to the two
fibres per circuit required, it benefits froma |low optical insertion

| oss (due to the absence of 25 duplexing couplers), and a low return | oss,

i Un soparat 601 RN 1o SREEP SorHE rtradined FHnBlg L 0D stk 105 B ARRInGE

one. si ngl e 1 BGufer sfiea1 HAAT Bidep BT SEHOBICk R witfiROopassl bl e

Typically, a as a four-way" sp | owed by an eight-way split

so that a singloth Rahst A8dewedaborpotheirgieyiphely $.0 SuclestaictimRr fecodPlishes a
In a known arrangenent - TPON (tel ephony over a passive optical

network) - a beathodettist dtidesnthbrwizelddsofsthiei bre. dPldas¢ oefef tafegure @ &bl itg he
term nations on the network. The transmtted frames include both traffic
data and S5 defatled|stagture anscphapsr niStege the manytpehye sofamech dspases the

?,E-?-/r ggg%g%m%%%de of ggwing S the w\‘\glg gérjfp 46?’9, therefore its manufacturing is more
portions of the data in th roadcast franmgs nd igpor.es t remai nder of
Phe " 1 anstmpdtenchigh, Ab85 et sty offtest, B #r8ERGPh glefi, At

di vision nultji evsa%f TLHVA): C pat ] NSy dat a
in a predeter hﬁ@gﬁtsﬁnes tzitl_,”‘ltsgt %mﬁﬁ%é{e@tﬁg gdbasg ;ff)ﬂtg%]cftoﬁgﬂ%!ﬁ%f gérae“{rll1 )
term nations gherefsepRidadts oTttRisSortAiall af?eﬁensivé, RIERRRbASMRAfor heTRL -
The present appli cant” has devel oped a bit transport system (BTS) for use
in a PON Wi cdaibpesagees InsadditionDithe forineatidhSofi the delsale phese bra lmgrsehms dpean

the coupling of the back piece 22, and it does not offer a perfect fit for the curve,

and it loses the beauty. Such uneven seams also generate an uncomfortable
feeling when contacted with the user’s skin. Therefore, it is necessary to

improve the conventional bras.

15 In view of the shortcomings and inconvenience of the prior art
mentioned above, which are the subjects of improvements for a long time,
hence the inventor of the present invention based on years of experience
accumulated from the engagement in the related industry conducted extensive
research to resolve the foregoing shortcomings and invented the present

20 1nvention.

Therefore, the primary objective of the present invention is to provide an
improved underwire bra particularly having two bra cups directly deposed on
the lining, and the elastic cloth having the same contour and configuration as
the bra covers the lining and the bra cups, and a whole-piece single-edge

25  sewing is performed at the edge of the top section of the bra. Such bra

structure is a whole-piece with which the wire is not exposed. In addition to



pat ent specifications 318331, 318332, 318333 and 318335. One
feature necessary to such a network is the provision of conpensation 10 for
the differing delays and attenuations associated with the different

di stances of the various term nations fromthe head-end station. To

this end, each;kerm oy isl?&ving the béalﬁ%ogggfggie}@.ii {1808/ Lo the@%wa&wiﬁ |

timed to arrive in a respectrve terrined portion o he upstTeam
TDVA franme. Theokeadd eidréabat theNpididuction Ailté aftde thd Goffditt oF wharidd, "hnd.
i.e. the phase and the anplitude of the arrival of 15 the pul se from each
of the ternm naparitalarhnit featurey an recopomiv- vaptsfoproduchial and das Hhe effect of
termnations to retard or advance their transm ssions as appropriate, and
to adj ust phdfeet fitamthoutpanding. This rangi ng and | evel ling process is
particularly inportant during set-up of a PON system or when a PON
systemis uggr aded, ,or stemis retur negﬁ?o use, after a

whep.a. . _PON s
fault has been repaiAr“@g!erPSJ@HEﬁOgQ?&ECXQMQ‘WUOF%@ PRQVidecrn WderyVitg fra
process takes finit i the round trip,de i i nt
Cpon & he. di st aqel CPBRICtehE Tab i sb aespiosh teo b buCafi b8 o PFEF 29
round trip del . ) i - t ippnR;ad to
t he term ngﬁ%:ﬁg@l%ﬁg*l& gtgfa :tgatﬁléi%r}gc‘%a%g& pge\?gfﬁﬁng&&slﬁ’ﬁo% %zli‘?gt ?15,% g%ad
zone. This is comfbRssIETeelidpewheR Gveheing, ﬁﬁ&%gfé?ﬁcﬁ fit fier then@urdd prddd¥hagh
PON custoners can get 25 no service as the PON is being used exclusively
for rangi ng andrtistiedbbk.ng. For a sinpl e PON of the type described
above, in which a head-end station is connected to up to 32

term nations over a distance of typically 6-8km the dead zone is onléé
60- 80ns, anl this dédawthestobjegtivesdthe presgnbinvisntien énfo restrict and prevemtdbet | v,

(he. Super PON cOMBUIS OVPh SKHPEHOTHEGH GbroY eV 08| & SHORED| Clastic S6emeBtof

I | i gh. spli be built, | : f
opt real - amppprpee TRBRedel eI debcgt R opFEBIRISn, bE R0 °
custoners to b?elféﬂ'nl'?%ﬁ{o‘i%ut crea%e% éﬁ) ﬁiggﬁf&r@ﬁ%%cﬁfé%éb@éi‘tiﬁﬂin%‘!er di stances

of up to 200km hi's case,

Another further objective of the present invention is to provide an

15 underwire bra that can fully lift and support a woman’s breast and prevent any
outward expansion or downcast by using non-elastic steel plates as the isolating
filling between the bra cups in order to ensure the constant distance between

bra cups.

To make it easier for our examiner to understand the objective of the
20 invention, structure, innovative features, and performance, we use a preferred
embodiment together with the attached drawings for the detailed description of

the invention.
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is of the order of 1ns to 2ms, and this does give rise to significant |oss
of - service to custoners of such a Super PON.

Unfortunately, optical anplifiers can only be used on a downstream
Super PON, as the use of anplifiers on an upstream Super PON woul d cause
noi se 5 problens resulting fromthe superposition of anplified

stinul at ed en BRIWKSDEASCIRIPTION OFTHEBRAWINGSers. One way of providing
anplification in an upstream Super PON is to replace the last |evel of

split (that is to say the level of split nearest the head- _end) by a
repeater. This devi Othercobjests,sfaaturesyiang advantages sofgthgl inventien avill begpme

signals, anplifies them and converts the applified elegtrical signpals, to
optical 10 si apparent dromndkg dfollodring, defailed ~ dgscEption of e rPé?f\S‘RHngLH? e

of ten | oose] .referred to a %g\ls even though it hey,my. | ncl ude
el ectronic %ﬁpp?lﬁ] lpgnergﬂacthg?e@?. © ﬂ?ﬁcfl_ppﬂgr’éf 8}aéle g{{trhl Eé/ngpn%e%kiﬂﬁe ,
passi ve". adnyingT&%xsa}t? sentpidvention provi des an optical network

conprising a hBSER ron connected to a plurality of optical
network units via an optical fibre 15 network having a plurality of split

llevel s, wherein onepi@yelsheivs Ihé idiagrimt dethersding Fotmation & thechdckside sof a
constituted by a n:1 repeater provided with nonrtoring nmeans for

rangi ng and | evel | i pgnvtendosalitgaistrostute om t he optical network units.
Preferably the repeater is connected to the head-end station by a single
optical fibre. 20 Typically, said single optical fibre has a |ength of up
to 200km (e.g 100 Fﬁg.Zshmttmdla@mm oftan asgembled ceavemsionalbia s are spaced
fromthe repeater by distances up to about 8km

10 FIG. 3 shows the three-dimensional diagram of the disassembled parts of
the structure according to the present invention (The lining at the back

and the obverse cloth in the front of the bra).

FIG. 4 shows the front-view diagram of the backside and the front seam

of the bra are sewed according to the present invention.

15 FIG. 5 shows the diagram of the assembled bra of another embodiment

of the present invention.

FIG. 6 shows the rear-view diagram of the backside and the front seam

of the bra are sewed according to the present invention.

FIG. 7 shows the front-view diagram of a long bra according to another

20 embodiment of the present invention.

FIG. 8 shows the diagram of the interior of a long bra according to



In a preferred enmbodi ment, the repeater includes n receivers and a
transmtter, the transmtter being connected to the head-end station, and
each of 25 the receivers being connected to a respective optical fibre
formng part of the networ k between the repeater and the opti cal
network units. Convgnl : r ater may be provided with a

mul tipl exer for mul ?’F’%ﬁ%ﬂn‘&°&s‘?‘§ﬁ5P§thF§’3§%e§)§H‘V89 on. l[Ohe recei vers for
transm ssion to the head-end station by the transmtter, and with
supervisory neans for nonitoring the functions of the receivers, the

mul tiplexer 30 and the transmtter. Preferably, each receiver
is constituted by a pair of parallel receiver boards, and the
transmitter is constituted by a pair of parallel transmtter boards. In

this case, the supervisory nmeans may be such as to di sconnect one of the
WD 96/ 16490 :
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recei ver boards of each pair fromits associated optical fibre and to
connect the ot her receiver board of that pair to said optical fibre
upon detection of a fault in said one receiver board, and is such as
to di sconnect one of the transmtter boards fromsaid single optical
fibre and to connect the other transmtter board to said 5 single optical
fibre on detection of a fault in said one transmtter board.

I n anot her preferred enbodi nent, the repeater is constituted by a plurality
of repeater nodul es each of which is connected to a single optical fibre

| eading to t he head-end stati on.



For. exanpl e, each repeater nodule may include a plurality of receivers and
10 a transmtter, the transmtter being connected to said single optical
fibre, and each of the receivers being connected to a respective
opt-ical fibre form ng part of the net wor k between the repeater and the
optical network units, the arrangenent bei ng such that the total

nunber of receivers in the repeater nodul es equal s n. Each repeater
nodul e may be provided with a multiplexer for nultiplexing the 15 signals

recei ved by thPESERIPTION OF T PREFERKED EVIBODIMEND to the head-end
station by the associated transmtter, and with supervisory neans for

noni tori ng the functions of the associated receivers, the associ ated
mul ti pl exer and t h®lease refexstocFiguees t3r and rd. t t Hie underwire bra of the gfresaib| v,
each receiver is constituted by a pair of parallel receiver 20 boards, and
each transni t tiByentioncoamly compuises a drpaip 3af hqyam&an@nre B cattashed ¢o itbendds.

to & SconpedheEh \é:‘Pslgqr‘F:clp : OB PO Seiorp R ot Bredinipe: Ea?P : §fn
of "t hat parr 1 bagksRB{tiRk pre, 3n8 oBI AL ARG ciPRaRl T4 pRFERRHE 34 983 ¢
one recel ver bogd, ﬁl@ge'SA Pefid o Piect 398N AB6 e Bityflbn e LA BASE 2 o

transmtter om sal e op 0 connec

ot her transm tah@ala flea &f 6ﬁve§*§&3(§10t?134 havifig $1%d $hn¥d EdiRburcRid &ﬁfﬁgfuhmcﬁl as theON
detection of a fault in said one transnitter board. A Super P

i ncor por at i ng bea,randghak isnhe twrved lckuth 4¢ foahed (see Figury &) edmipletely coaefsahdance
with the invention will now be described in greater detail, by way of 30
exanpl e, W0t h whdledisimg3 tandttlmbx%&:umsy:ﬁihyll%ngﬁtﬂsmgln@dge |suwmg St the upper
Figure 1 is a schemafi,c representation of the SuperP I gure

u
2 is a block dRedmAT Hic brae theliminged and th%%b‘@éiife?lpﬂj\l“ are extended to couple

with a back piece 51 to form a whole-piece bra 5. Such bra 5 can be used
directly or goes with a movable shoulder strap 6. The bra cup 32 can
completely hold a woman’s breast, and the whole bra 5 has a seamless look due
15 to the invisible wire 31, but still retains the reliability of focusing to lift a
woman’s breast and simplifies the production, lowers cost and enhances

production efficiency.

Furthermore, please refer to Figure 5. A strongly elastic segment 43 of

appropriate wide that is larger than the lining 3 is extended and deposed at the

20 lower edge of the obverse cloth 4. Besides, using the strongly elastic segment
for the covering, it restricts and prevents the turning over of the obverse cloth 4

and give a reliable binding to the whole bra 7 but does not have any stress for

the reinforcement of the positioning.

Further, when the user wéars the bra, it gives the user a comfortable

25 feeling and when casual wear is needed, the wire in the bra cups can be
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Figure 3 is a block diagramof a receiver board form ng part of the

r epeat er of Figure 2; and Figure 4 is a schematic representation
of a SuperPON i ncl udj ng several repeaters. 5 Referring to

t he draw ngs, f—‘?'@?lY"éil shows a Super PON havi ng a head- end station 1
connected to a plurality of ONUs (not shown) via a single fibre 2, a

repeater 3 and a ne (:sh i gal | i nel udi t or_nore

| evel s of spl i?}.ﬁ\%ﬁogé’sdge W@gm&c. gl%ar‘i%éﬁest eéﬁﬂ?@%be%fnﬂrﬂﬁ?d is
to say it is aynderwife B4 It ' ﬁgﬁq\ﬂte it he
head-end stati grr1] e1r.WlA 10 Oﬂﬁ%ﬁﬁ@&%&l@ﬂaﬂgagilguﬁe togglé preséetﬁ?&to
carry signal s tompatedewithatie eatlitional Siricr@ite rh® drdebédtfiest theUdhve Qff sshown
in the drawi ngs; though the invention may al'so be applied to duplex
PONs, if deSirwsomafypibost, land gives di pdrfoct dfitbet iteand the cohdohtewberemkasing! i on
1 and the repeater 3 lies in the range of from 100kmto 200km The
Super PON i s ar Thpdgaventer of ¢he rpregms. inyention based omhyearse pfzixperignogsine the gur e

2) replaces the, last. Level of spljt of a standard upst ream Super PON,
that is to say ¢ #e |lgwtry0?01§3&Cqu feeRsive ressarchetaqenhiance the stucture of the he

other levels o i i f or med, b assi v, tical splitters, in

convent i onal gto?a%r{%%lfﬁér%% gﬁ}cgglf hf‘%\‘? Isuﬁwltgﬁf{)olr pf‘é“&%&ﬂ’,“ﬁ@'t hat the
repeater 3 connects the single fibre 2 fromthe head-end station 1 to
twelve fibres 5 (0 ; { } t..Qf:

network 4. Each of n‘tMr?é W%?ﬁe‘geﬁgbgg??:bg%@@ﬁﬁ%?m#@;%M%ﬁa%%ﬁs and
the fibre Pocasf aeprefertdd embatindd@fi0itMai toSbe understood that tHe HPHRRIEls Aot

i ncl udes twentig-f‘our recei ver boards 6 which are connected in pairs to
the twel ve fi blimsted thé@ato. r ébetheecortmay,dt & mitersled o gaiver fariow® modifatiqrs- up

for the other receiver of that pair, thereby providing one-to-one receiver
and similar arrangements and procedures, and the scope of the appended claims

therefore should be accorded the broadest interpretation so as to encompass all

such modifications and similar arrangements and procedures.

15

.-



25 , protection for each of the fibres 5. The repeater 3 also includes a
transmtter/packetiser block 7 for packetisiing and transmtting data com ng
in from the fibres 5. In order to provide one-to-one transmtter
protection, the block 7 i ncl udes two tradﬂlﬂﬂﬂﬂ"ﬂﬂtmlﬂer devices. A
mul ti pl exer/ SUﬁqg ' ' S posi'ty I B he receiver
boards 6 and the %Fgﬁcg%%gﬁ(nlu "tiplexer of the ‘30" block & mul ti pl exes
the signals fromthe twelve active receiver boards 6 prior to t hese

si gnal s bei ng packeimpraedtia,tmhainbtém sth ahhmdbhviek bré cup)d lidisg having
supervisories control the ranging and levelling functions of the repeater
(as is W2 psupEslyocut elastic cloth sewed on the back side of the bra; and an
PCT/ GB95/ 02754 . . 6 .

descri bed bel ow) .obxgssecastiencleth having dhe samgsonigiraandnepnitgpraiion, sath ger

t he fibre i S.,n0f necess fram ed, on

2, it .to f | t T
the i bres s < ~bra ‘complOidly-BSers 2Rt iping Bk 6F Sncatr PR Fabaiiny 8 back

constituted by a 5Vhi L Ver. chi r ' C

ovel i ng asi ¢ 18 D oA the Rhing a1 Blck o e WBORS LRI u ot .,
chip 13, a packetg RAMEbiesE | WalE J

mul tipl exer chip ﬁl)éﬁﬁ{ﬁ a pok}ee?sgéﬁ’ﬁdgrl]t@ﬁ %@Péﬂ fgﬂ{éﬁgﬁ%% ‘6v,°mla51‘ salr%lclISt15
are connect esd! moeides ranbirndervigbrd akith sadrfldas Sodk . bud i€l s@ill Iretaltss €l pPS
9-16 are connected together by a |low data rate control bus 18.

The recei ver chi peBahilityt b€ lifergiané rsuppontittgca memedn/e drebat,sarsd suchl strdotane it s
10 input fibre 5, and _transfers _this data to the packetiser/depacketijser
chip 14 and to simplifies the menufasture, layers ghegest, and snhances the psodugiiondat a

rate bus 17. The ipterface._t
efoclency o? theqbra.

2. The improved underwire bra as claimed in Claim 1, wherein the lower edge
of the obverse cloth has a whole-piece elastic segment with appropriate

width and strength, which is larger than the lining.

15 3. The improved underwire bra as claimed in Claim 1, wherein the lining uses
a non-elastic steel plate as the isolating filling between the bra cups to keep

a constant distance between the bra cups.

4. The improved underwire bra as claimed in Claim 1, wherein the obverse

elastic cloth is an elastic knitted cloth.

20 5. The improved underwire bra as claimed in Claim 1, wherein the wire in the
bra cup under the lining of the bra is removed, so that it is more

comfortable and casual for wearing.



mul tiplexer chip 15 interfaces wth the nultiplexer of the block 8, and the
packeti ser/depacketiser chip 14 filters out any operations and nai nt enance
(&M signals and passes these to the 1 6-bit mcro controller chip
13. .The &M signals 15 are sent regularly fromthe ONUs (say every nth
frame of the B Lt I to prevent these O&M signal s:
bei ng returned@gTﬁgﬁt?ﬁzwglggwsm Super PON as head- end
processi ng c ouREPRONER), LHDERHIRE, G BFR cer t ai n probl emat i cal si tuations.
Thus, the repeater Rpi i?nﬁfﬁt&?hhd’&vﬁi& @ h¥in EorhPhisésodit tRder®ire B cup, in
signals that is usually carried out by the hHead-end station of a PON. 20
The rangi ng ASténdddtisndvitihthel ropeily oat A&dtic dldth asnfielinineseosd omto thé batle
16-bit mcro controller chip 13, carry out the ranging and | evelling
functions siderafethe yra, ;and futtherian abvetse etastid-chothl with therxaxhe Fonteyr otk
rangi ng ASIC 10 apd the l evelling, ASIC 11 nonitor the timng, i.e. the
phase and the seiliiguratien Splly savers the, lining and Ge brmsup.ang fayms.a wbsle pises t he

R
As th i i t - tial.d
o Lhere )= SNt sl BEUIRER A PRSPl ey sasia o

bet ween t he an@\fk‘%vﬂég z_&h‘ﬁpﬂ@r@ﬁ?& Bra IvitliQeEMEss 188k, Bt RELHA fetdind $héuch

that the ONUs are typically 6-8kmfromthe repeater 3, the dead zone
for ranging angeliabyiétyl ofigliftingorind S@ppdrfingOaswonisl’s HréasjoesSutht serautee a
problem Here again, therefore, an inportant control function has been
t aken over 10y simplifegse thee mBnifactune; Howieesadhe rodstst aitd enhances 1the Thwduetion n of
t hese servo-contrql signals is preferably transmtted fromthe WO
96/ 16490 efficiency.
PCT/ GB95/ 02754

Fig. 4



7 . repeater, on the link 2, to the head-end 1 and then forwarded by

t he head-end via - t he downstream PON to the ONUs. . The
supervisories chip 12 nonitors the functions of the receiver chip 9,
thesnmultiplexer of the block 8 and the transmitter of the block 7, and is
effective to 5 switch to the paired receivgyyboard 6 if a problemis
sensed with its own receiver board. Thus, the receiver boards 6 are
paired to have 1:1 redundancy with hot stand-by. The rapid switch over
bet ween the two receiver boards 6 of each pair, possi bly w thout |oss
of service, helps with the identification of faults on the di stribution
side (that is to say the downstream si of the repeater 3) of the 10

Super PON. I n other words, the superviéﬂ?}es chip 12 can be used to identify
faults in parts of the netH . h specific fibres 5. This
enabl es renedi al work to "e faul ty branch w t hout

or k asscciated

4
<

having to shut down the enti g\ . contrasted with
known Super PONs whi do req-lreg\ p R orl fault
eradication. Simlar ' RS g ;f9%5 bl ock 7 have 1:1
redundancy wi th hot stand- b h”'.;VI;i %] coul d be

interl eaved between the two ’;_; Li‘gﬁone fails, the other
t akes on the faulty tran-tltter‘° F«,, ,1- : Th 6-bit mcro
controller chip 13 controls tna-ns. e 7Dh-» 16, and the

all the other 20

3 a nndlfled forn1o -upstream Super PON, in
whi ch a head- end station is connected to three\repeaters 23a, 23b
and 23c by a single fibre The repeater 23a is equivalent to the
repeater 3 of Figure 1, in that it is si tuat ed between 100km and 200km
fromthe head-end station 21. The repeaters 25 23b and 23c are, however,
situated much nearer to the head- ¢ ion 21. A respecti ve PON 24a,
24b and 24c is associated with each t'he repeaters 23a, °~ 23b and 23c.
In this case, the three repeaters 23a, 23b and 23c collectively

power control chip 16 contro
chi ps. Figure 4 sho




constitute the final split in the upstream SuperPON, i.e. they provide a

di stributed repeater function in which, say, the repeater 23a has six
pairs of receiver boards 30 (not shown but simlar to the receiver boards
6 of Figure 2), an he repeaters 23b and 23c each have three pairs of

recei ver boards. i ously, each of the2/7 repeaters 23a, 23b and 23c has
a transmtter/packggiser block (not shown but simlar to the block 7 of
WD 96/ 16490

Figure 2) having t ansmitter/ packeti ser devices for

PCT/ GB95/ 02754
providing one-to-orEE transmtter protection, and a

mul ti pl exer/ supervigEpri esi bl ock (not shown but simlar to the block 8
Super PON, havi ng a distributed repeater

8

of Figure 2). This E/pe o
function, is suita for re rural areas of the country, where the
custoners are nore dely aced. Apart fromthis distributed repeater 5
function, the enbo nt ofsKigure 4 works in the sane way as that of
Figure 1. The ggafg?s , 23b and 23c can be thought of as parts of
a single repeater = formng t vel of split of the upstream
Super PON (ev t hou the first repeaters 23a and 23b are joi ned
to the main T bre. 28| eading t¢g the head-end station 21 by splitters
each of the repeaters 10 23a, 23b and 23c

25a and 25b respectgely). Thys,
controls the rangi nggand | evedling functions for its own PON 24a, 24b

and 24c. As the deafEzone i/ each of these PONs 24a, 24b and 24c is
only of the order o= (the PONs being such that their ONUs are only
6- 8km fromt hgEETrepeaters 23a, 23b and 23c), this does not give rise

to significant
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| oss of service to customers of this type of Super PON. Note however that if
the 15 repeaters are located at different distances fromthe head end and
TDVA is used - on this part of the network then a ranging and | evelling
funetion will need to be provi ded (either at the repeaters or at the
head end) to range and | evel the part of3/7 t he network between the head
end and the repeaters. Alternatively the link from the repeater (or
repeaters) to the head end could itself be part of a separate PON 20 with
its owmn ranging and levelling facilities. This separate PON could be a
conventional PON, or one in adqcqrdance with the present invention.

It will be apparent that the tlygqe of ranged and | evell ed repeater described
above greatly reduces the deane i n an upstream Super PON. Moreover,
rangi ng and levelling to tER\ epeater's receiver reduces the power
budget of the system 25 that :'=' say dynam c range and receiver :

sensitivity requirenents are ru el Thus, in prior art upstream
SuperPONs it is necessary to dgbine he -head- end receiver, up to
3500 custoner signals, and thiE| ead$| toxZRe probl em of additive ndi se.

By noving the ranging and | evelsi ng fllncti onN\downstreamto the repeater(s),
288 per receiver

t he nunber of custoners to be E&alt 3
board 6, 30 and this |eads toE& redud\i on in équi red power budget.
Mor eover, each of the recegger boan\ eeds to take account of
signals comng in from ONUs at d_i__&%— 0 6-8km and this |eads
to the reduction in dynam c rafge=" req NW,\h reduced dynam ¢
range, it should be possibl e t ESonsi der \w-‘-—:':"’ 6490
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i npl.ementing the systemwi th no levelling. In this case, the receiver
boards 6 of the repeater(s) could be sinplified. Anot her
advant age of using the type of ranged and | evell ed repeater descri bed
above is that the upstreamdata rate can be far higher than 300Miit/s 5
(which is the maxi mum for normal upstream guper PONs). This is because each

of the twel ve branches |eading to a repeater can carry 300Miit/s, and
the data streans can-be nultiplexed for onward transm ssion. The
advantage of this is that a Super PON can now offer the sane bit rate
of 1.2CGhit/s in both the upstream and downstream di rections. 10

O her advantages of this arrangenent are greater flexibility inthe link to
t he head-end station, as thq distribution and transport sections of the

Super PON are separateg: 0 that duel parenting of sections of the PON
to two or nore head- &5 i s-pabsible. Also, the filtering of

he advant age of avoi di ng overl oad at
{ge, 15 particularly with the

? ion of tenperature changes.
changes by nonitoring the

3\ are sensed. In this
witong reach PON, the
b|t is as | ow as

O&M nessages by the repeats
t he head-end station. A f
enbodi nent of Hgme4”i
Thus, the BTS nor nal

rangi ng pulses in th ac
sent to t he ONUs when-'-nperatk
connection, it should be gg not ed t
tenperature change which g | _sks<=aga 20 b
0.075[err]C. This tenpera--= E=noni tori i 3 however, only be
carried out where there i EFo overl ap d fferent cust oners.

This overlap of bits is aEHunction of tralﬂ'da.nce betmeen t he
custonmers' ONUs and the nEHitoring cenfyfe. Thus, where this type of

Iﬁﬂﬁ"ﬁﬂ

repeater is used to nEgitor ONUs fffr distances of only up to 6-8km
there is considenqbly | esg925 chance/pf overlap of bits fromdifferent
customers, and i mpr oveEt enper at uy£ nonitoring and correction can be
acconpl i shed. %fs — Cf) :
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CLAI M5 1. An optical network conprising a head-end station
connected to a plurality of optical network units via an optical fibre

network having a plurality of split 5- levels, wherein one |level of split
in the upstreamdirection is constituted by a n:1 repeat er provi ded
with nmonitoring means for ranging ahf?1evelling transnissions fromthe

optical network units. 2. An optical network as clainmed in claim
1, wherein the repeater 10 connected to the head-end station by a
single optical fibre. 3. An optical network as clained in claim
2, wherein said single {cal fdRre has a |l ength of up to 200km and
the optical network uni e ed fromthe repeater by distances up
to about 8km 15 4 optical network as clainmed in any one of

clains 1 to 3, wherein { eat er

i ncludes n receivers and a
transmtter, the transm

FEfier bgl n nected to sai d head-end stati on,
and each of the rec35¥e%§\ ei nd\\conneCt\®d to a respective
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opti.cal fibre forming part of the network between the repeater and the

optical 20 network units 5. An optical network as clained in
claim4, wherei'n the repeater is provided with a multiplexer for

mul ti pl exi ng signals received by the receivers for transm ssion to the
head-end station by the transmtter. 25 6/7 6. An optical network as
claimed in claim 1, wherein the repeater is constituted by a plurality
of repeater nodul es each of which is connected to a singl e optical
fibre leading'to the head-end station. 30 7. An optical network as
clainmed in claim6, wherein each repeater nodul e includes a plurality
of receivers and a transmtter, the transmtter being connected to said

single optical fibre, and each of the receivers being connected to a
WD 96/ 16490
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respective optical fibre formng part of the network between the repeater
and the optical network units, the arrangenent being such that the.

total nunber of

s E
i

S

—
—_———
—_—

—————

il

¢ S

il

Sy
i

V il



recejvers in the repeater nodul es equal s n. 5 8. An opti cal
network as clained in claim7, wherein each repeater nodule is

provided with a nultiplexer for nultiplexing the signals received by the
recei vers of

t hat nmodul e for transni;aion to the head-end station by
the associated transmtter. 9. d optical network as clained in

claim4, 5 10 or 1 1, wherein the 10 repeater is provided with supervisory
means for nonitoring the functions of the

receivers, the associated
mul ti pl exer(s) and the associated transmtters.

10. An opti cal
network as clainmed in claim 9, wherein each receiver is constituted
by a pair of parallel receiver boards, and each transmtter

is constituted
15 by a pair of parallel transmtter boards, and the supervisory neans of

each repeater nodul e is such as to di sconnect one of the receiver
boards of each associated pair fromits associated optical fibre and to
connect the other receiver board of that pair to said optical fibre
upon detection of a fault in said one receiver board, and is

such as to
di sconnect one of the associated transmtter boards fromsaid single 20
opti cal

fibre and to connect the other transmtter board of that pair to
sai d signal optical fibre on detection of(ffault in said one
transmtter board.
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