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Trends in the Communications Market
I aakioasg
2 Postal services
wf Aroadcasters
rr Special Type n
“r Ceneral Type !
ok R
Interaational Typel
T Domestic Type |
“ ‘\'le
Sour(e MPeT

Motes: ¢, Values In the chm were due:mmed a5 follows. Type | (Elecammunications Lariders, aggrc;,nte loml ol their
ltlc(ommunicatlons operating 1evenues; Jype If telecommunications Carivers, respoates 1o a quesliganaire
Ano values for Type 1| canders in [#8%); broadcasters, aggregate ional sales of NIK and the private secios: postal
services, postal service income 35 shown on the Postal Seqvice Special Account, :
1. ‘Values for domestic Type ! letetommunkatlons cartiers do not include IR Communications

151 facilities, 142 broadeasters

|

] Urban-type cable TV

[As of Augyst 1, 1920}
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NX45 Mb/s
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‘Conventional Digital Hierarchies
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Unified NNI
(Network-Node Interface)

| NX 156 Mb/; ]
o

‘:‘J> | 156 Mb/s |

6. 3 Mb/s
2 Mb/s
1. 5 Mb/s

Synchronous Digital Hieparchies
{CCITT Standard}
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Outline of Optical Transmission System for Trunk Line

* System - . RS _ :
F-64 F-32M F-1004 - F-4004 F-1.66 1 FTM-150H FTH-600M
Items o : o .
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) Dispersicn Shift -~ 1 1.55um Zero Dispession Shift
Light Source inGaAsP/ P FP LD B I_nGaAsP/_IrP DB LD non—fegulat.e.d
Detector Ge-AFD 1nGaAs-APD non-~reguated
20km 40¥m (1. 3om)

Repeater Spacing

40Km (1. 3pm} 40Km -
80Km (1. 55 um) 80%m (1. 55.um)
1,000 +
Single Mode
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@ Wavelenghth § 55um N i | ’f/’N
.. 100 ' o 1oy loy .~
£ ————— b i | F-1.66G
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) w0 o] lol Bk
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E o LED © N \
c o 10} e o N Yo
© @ Short- \ Coy
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Multi Mode Type | ——> [ Singls Mode Type |

Ontical Fiber Optical Fiber

1 . 1 1 1 S|
1 10 100 _ 1,000 10,000 100,000

Bit Rate (Mb/s)

Technical Trends of Trunk/dunctioh

Transmission Systems
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i What's PH P(Personal Handy, Phene) Service.?

#Take the handset of your home cordless phone to outsrde
Then it works as your portable phone.

“Take it out

Handset of cordless phone

Bas:c COncept of PHP System

B ) To Common Use Of PHP Termsnal As A Cordtess Telephona At Home
AndAsa Portable Tarminal For Gutdaar PHP Service By Standardized
Protecol. ' 5 S

'|g|tal.Hadio Transm:ssmn Schema S

oc_ket-&zed Portable Tgrmmal \Mth Small Transmntting Power
essThanme e g

—.l

a ~8) Lowcast Outdoor Base—statnon W‘th Mtcrasized Semce Area |
. r==100200m R , e

5) Umszatmn of 1 QGHz Band Frequency
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tions

" [ Radio Link Systom fof PHP. Ouldoor Basa Sta

=4 Personal
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.. Small Capatity
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Parameters for Poersonal Handvy  Phone

Item

“Parametars

Transmission Band

Carrier Spacing

t. 9GHz (1895~1916. 1MH2)

300kHz

Access Ma_:hé'& o

_Mo'b_i_ fa stat ic_m'-'-. TDMA;/TE')D_.

Base

station - TOM

Stots per carrier

o siots

Transmission Rate

. 1384kEps

Modulation

x/4 shifled.OPSK

Coding Algorithm:

ADPCM 32kbps

Trapsmiiting Power

less han 1 Gn'JW (Por t ﬁb'l_ﬁr fs-'ta i d‘ﬁjz.o’r '_'-_i__nd’o.q:r '-béfs'o:__;.s'l ati b_ri)""'
less than 500mw(outdoor base station) - LT
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Toward the Creation of a New

Info-communications Indusfry

— Creating Demand and meloymem through the Enhancement of
Info- commumcauons Systems —-

Main Points

1. 'lhe m!o-communicailons induszry consmutes an important foundanon block for the restruclur- ;j
lng of Japan's economy as we approach :he 21st cenlury e

2, To create jobs and to real!ze greater afﬁuence In the lives of the people in Japan eh‘ods waii be
made to promote nevs businesses In the info-communications tields : :
Specifically Involved will be both market and ]ob creation: ;

‘Thiough the establishment of a nationwidé_ fiver-optic network, a new ¥56 tnlllon market will be -
created by the year 2010: Overall the multimedia markel, which will include exisling related markaets,
will be worth ¥123 th:on by Ihai year. In estabhshmg this network, 2.4 million jobs will be created by
2010 as well. - :

New markets stemming diredtly from the fiber-optic network will be worth at least ¥56-
trillion in the year 2010.. Overall, the multimedia market, which will include existing refated
markels, will be worth ¥123 trillion in that year. o

*1. Fiber-optic network markets:
New markers that will be created direcily by

high=speed. large-capacity, two-way commu--

nications. wlich are made possible through
building the prapesed fiber- -oplic network, in-
clude services such as imaging program dis-
tribution and tele-shopping. and hardware such
as new terminals.

*2, Convcntmnul multunudn markeis:

The i_umm of murkels sleimming from the
copventional multimedia industry, bringing to-
gether he present termina equipiment und soli-
wire, will be accelerated through building the
fiber-optic network, '

Changes in the size of the lﬁﬁltimedia market
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IMPORTANT MEASURES
1. Settirt:;.m a‘Progran for ths. Establishment of Info-communications infrastructure'

ted with the integration of telecomunications and broadcasting

.

.

INg ISSUSs associa

2. Address

1) Encouraging experiments on"integrate'd teleconmumicalions and broadcasting services

2) Appplication of FM multiplex for telecommunications services

1ness

.

i for promoting new bus

icies

3. Pol

1 Promoting the comercialization of PIP

2) Vitalizing regional info-conmenications nirkets

3) Developing portable business radio and community broadcasting systems

4) Vitalizihg BS/CS business operations

5) Diversification of FM broadcasting
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Evolution of Optical Fiber
Cable Technology in Japan

Masao OHBA

'Telec()mmunications En.gineering Training Group
NTT Suzuka Training Institute
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1. Infroduction

Evolution toward an advanced information society is spurring demand for more convenient
and diversificd telecommunication services, The integrated services digital network —ISDN- is
being developed in countries around the globe to meet this demand by providing more advanced
and: higher quality services efficiently and at reasonable cost. To realize ISDN, outside plant
facilities play an extreamly important role as the infrastructure on which it is based, and optical
fiber cable is a key technology supporting the ISDN concept.
~ Afier a successful field trial of an optical cable transmission system in 1978, NTT began to
introduce optical fiber cables for trunk transmission lines in 1981. Deployment of optical fiber
cables into trunk networks prior to subscriber loops made sense because optical fiber could be
particularly mare effective than existing transmission systeins for its long repeater spacing and
large-capacity. In addition, starting around 1984, optical fiber cables began to be introduced into
subscriber ioops. Initially subscriber optical fiber cables were overlayed on existing copper cables to
provide digital and video transmission services in urban business areas. Now, NTT has decided to
proceed with full-scale implementation of fiber oplic subscriber loops as the infrastructure to
support coming digital service as well as ISDN.

NTT has gone to considerable effort to integrate various fiber optic technologies and develop
the best fiber optic hardware for application to both trunk transmission lines and subscriber loops.
Of course, the hardware is still important, but recently more emphasis has been put on operational
and maintenance aspects. Now, these operations and maintenance support systems have been
introduced in the field.

Most of the equipment .and fac:httes used by NTI to support telecommunications services
have been developed internally by our own research and development departinent.

In the area of outside plant facilities, the usual situation is that hardware suppliers carry out
research and development of new technologies, and operating companies, who are the users of the
hardware, merely select the most appropriate one. However, to maximize operational cfficicncy
and to facilitate integration with other hardware, the user’s operational know-how should be fully
reflected in the hardware. Of course, this can be said for equipment inside the telephone office as
well, but it is particularly true for outside plant facilities because they are assembled in the field.
Ease .of construction and maintenance, therefore, is as an important parameter as the other
characteristics of the facilities. Operational know-how should be fully integrated in the hardware,
such as the cross-sectional structure of cable.

Fiber optic technology itself is relatively new; it is about 12 years since optical fiber cables
were first introduced in Japan for commercial use. During these years, the progress has been
remarkable. This success can be attributed to the numerous trials we conducted in the process of
development. Of course, we made a few blunders along the way. But even failuers are valuable
learning experiences and have contributed to our store of know-how.

This presentation describes the changes in fiber optic and its related technologies that stand
behind present ievel services.

2. OPtlcal Fiber Cable System Technology Development
2. 1 Optlcal Fiber. Fabr:catmn
VAD standmg for Vapor-phase Axial Deposmon that was one of the optlcal ﬁber fabrication

methods, was developed by NTT Laboratory in 1977. Since then, optical fiber preform has been
produced by the VAD method. VAD is not only a simple process, it also enables fabrication of
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large-size preform With our initial vcrsmn of the VAD ‘method, only the core and c]addmg close
to the core were made by the VAD method, The first preform was jacketed with a silica tube called
a-jacket tube’ to make 4 large preform. With this method, a cértain amount of eccentricity decurs
between-core-and:cladding due to the unequal thickness of thie: jacket tube;: Anothér. drawback of
the first.method: is'that-an attenuation peak occurs: owing.to OH™ ions: wluch permeate the jacket
tube: into' the core durmg the fiber drawing. The former method: also ylelded limited geometrical
perfmm'mce and: potentlal for cost reduction.: Considerable effort was expanded to overcome these
problems of the conventional VAD method.-As a vesult, the completely synthesized VAD method
was: developecl in 1987, which made! it possible ‘to fabricate all paits ‘of the preform mainitaining
plemse parameter control. Large»sme preforms can be produced ranging from 100 km to 500 kmin
fier-length: Coupled with a- ‘high-speed fiber drawing technique, optical fiber can now be mass -
plOdl.l(Ied which has:resulted in-a sharp reduction in' its ¢ost. These progress have also climinated.
some ofith¢otheér prablems ofithe former fabrication method. For example, ‘core ‘eccentricity has

" beencut tora- thitd-of the conventional’ fiber. “This advance has had a’ great impact on- fiber
connecting ‘techniques: which 1 ‘review: shortly, and has greatly accelelated the development of
single:mode (SM) optical fiber. '

- In 1987, NTT was first to introduce 1 5 ;cm disporsmn shlfled Optlcal ﬁber for commercml
use, This optical -fiber s’ domgned to ‘realize its ‘best’ dispersion: ‘characteristics ‘at ‘the 1.5 pHm
wavelength region where optical loss of silica optical fiber is the: lowest.: 1.5 jum dispersmn-shlfted
optical fiber cable has been introduced to-economize long-haul teunk transmission lines, and is now
ocdcupying: ceitér place in- the trunk: tiansmission network. The proftle of the optzcal fiber core

adopts a stepped configuration. This profile de51gn was adopted giving consideration to the shiftiin
zero-dispersion wavelength -from 1.3 pm to'1.5 um, improved bendmg loss characterastlcs, and ease
of c;pllcmg as well as convennonal 1.3 um opt:cal ﬁber SR co RO

¢

2.2 Opllcal I*:ber C‘able Dee:gn

-Along with' the eV(‘l[lltIOIl of optm! fiber itself, con31derable progress has also been made in
optical fiber ‘cable techniques. Optical fiber ‘cable technology has progressed in conjunction with
several-telated factors such as-economy, ease- of construction as well as stability of transmission
characteristics, The evolution of optical fiber cable can be- -roughly divided into three stages; the
initial stage from the first introduction of optical fiber cable'in 1981 to 1985 thc second stage from
1985 to 1987: and the third slagc from.1987 up to the presént. S

- T thesinitial stage, N'TT adopted GI optical fiber unit type' cable. In thls cable, an Opticai f;ber
is' covered by a 3-layer silicone/nylon coating to ‘protect . its transmission and mechanical
characteristics against lateral pressure. The outer diameter was made 0.9 mm to ease handling as
casy as existing copper wires. This fiber constitutes: 6-optical fiber unit, The 6-optical fibér unit is
coniposed of ‘six”coated optical :fibers stranded around:a center steel wire and wrapped i plastic
tapes. Then several units and some metallic gauds are also stranded tightly around a steel tension
member into making a cable core. The maximum number of the fibers were 48. This cable adopts
Laminated Aluminum Polyethelene (LAP) sheath to keep dry air pressure in the ¢able to protect
against water panetration equally to existing copper cables. This cable structure had also employed
for SM opticat fiber cable with 24 of the:tiaximum fiber number: for fitst:introduction iri: 1983 > .°

Tn the second stage, NTT employed a new type of GI optical fiber cable into subscriber loops
to satisfy increase demand of subscriber use. In 1985, NTT employed- UV coated optical fiber with
a 0.25 mm coated diameter instead of silicone/nylon 3-layer coated fiber, and a UV coated optical

fiber unit called a 5-optical fiber ribbon composed of five mono-coated optical fibers: The structure
of this optical’ fiber ribbon .is -most effective’ for mass- connectmg as' several optical fibers ‘are
arranged at once. A fibér ribbon is also more effective structure for grouping opncal ﬁbers into an

.__90 -
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optical fiber cable. However, this cable technology was not enough mature for SM optical fiber
cable for trunk transmission use, because mass-fusion splicing techmque for SM optical fiber was
not established in those days.

NTT have been employed a plastic spacer with multiple slots to accommodqte the optical fiber
ribbons. A plastic spacer, called a slotted rod, is formed around a tension member with slots along
the cable. This structure enables a tight and compact optical fiber cable called a optical fiber ribbon
slot cable, having stable transmission characeristics, .

A 5-GlI optical fiber ribbon slot cable containing two hundreds of optical fibers was introduced

in 1985, and the number of fibers increased to six hundreds with six slotted rods in 1987. These
high-density subscriber optical fiber ribbon slot cables have been fully ultilized especially in urban
areas. :
. The third stage began depioyment of SM optical hber ribbon for the use of trunk transmission
lines due to the realization of SM optical fiber mass-fusion splicing technique. The optical fiber
ribbon slot cable technique was naturally employed for trunk iransmission 4-SM optical fiber
ribbon slot cable as it causes small cable diameter, light weight and low price. Employing this cable
has - sharply reduced construction and cable costs of trunk transmission lines due to ecase of
construction and deployment of a mass-fusion splicing machine for 4-SM optical fiber ribbon. This
cable has become the basic optical fiber cable of NTT, and several variations of SM optical fiber
cable were dirived.

. An induction free optlcai fiber cable, called IF optlcal fiber cable, was mtroduced in the
electromagnetic induction section of trunk transmission lines in 1987. Any metailic materials such
as interstitial wires, almminum tape or steel strand are not used in this cable, making the best use of
characteristics that optical fiber is free from electromagnetic induction. IF optical fiber cables
cannot employ the gas pressure cable maintenance method because they do not have interstitial
wires connecting pressure-sensors installed in the cable joining points with eleciric signal, and
aluminum tape which composes LAP sheath keeping dry air pressure inside of the cable. So IF
optical fiber cable has “water-blocking” resinous ribbons to prevent water penetration when cable is
injured.

- For subscriber loops use, optical fiber water-blocking cable, called optical fiber WB cable, was
introduced into the section of pulling to user’s buildings. First, these water-blocking cables were
introduced for limited uses, However, recently these cables have been generally introduced into all
sections because of the deployment of new maintenence operation systems for optical fiber cable
network, instead of.conventional gas-pressurc maintenance system. Details of these operational
systems including water-blocking cable are given later,

Optical fiber cable for subscriber loops has a maximum fiber count of 1,000, compared to 300
for trunk lines. The basic unit of optical fiber is a 4-optical fiber ribbon, as already described. 800-
or. 1,000-fiber subscriber cables have been developed based on 8-optical fiber ribbon which can be
divided into two 4-optical fiber ribbons to realize an outer cable diameter of 40 mm. Cable that is
basically -designed the same for both trunks and subscriber loops with less than three hundred
optical fibers. . .

NTT has deployed 1.3 ,um zero-dispersion optical flber in both subscriber loops and short
medium-haul trunks. Parameters of the fiber are in full compliance with CCITT recommendations
that NTT also has contributed to establish, The attenuation is less than 0.5 db/km for all types of
cable. For long-haul trunks, 1.5 um dispersion-shifted optical fiber is installed, While the mode-
field diameter of this fiber is slightly smaller than that of 1.3 um optica! fiber, cladding diameter
and concenlricity error is the same. Cable attenuation is less than 0.26 dB/km.
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3. Construction and Operation Technologies Development
31 Oplical Fiber Cahlc anmlla!ion

The opth'll fiber cable can be installed over longer spans than the conventxonak metallic cable
because of 'its light weight and small diameter. However, an optical fiber tends to be destroyed
when the optical fiber cable was suffered from an excessive stretch ‘of tension and forced to be bend
in smaller diameter than its acceptable limits. The mst'\llatlon of optical fiber cables must therefore
be handled very carefully,

When optical fiber cables were introduced, NTT developed an optical fiber cable pulling truck
and an intermediate puller designed to maintain the cable teusion at no more than 200 kgf. Tools
for installation in manholés to prevent excess bcndmg of the cable and to relieve tension buildup
were also developed and applied. Initially, the avérage: mqtallat;on span was about 1 km, because of
zhe limitation of personmel and construction time 6n the road.

-~ T 1987, the installation system of the optical fiber cable was re-evaluated for deployment of
SM Optlcal fiber ribbon slot cable for trunk transmission lines. A microprocessor has been applied
to the intermediate puller, making it possible to- precisely control the pulling force dnd velocity
automatically, The microprocessor also made it possible to synchronize multiple intermediate
pullers. So the machine can be stopped in the event of emergency without many operators.
Therefore, the long span installation was realized based on a high-reliable dispersed pulling system
anid lighter weight optical fiber cable. Today, the average installation span is over 2 km (the longest
installation is 11 km), and the costs of the installation per unit span has fallen dramatically. In
1993, this system has been upgraded which has no' limitation of the number of synchronized
machines. :

3.2 Optical Fiber Fusion Splicing

© Fusion splicing of optical fibers has been used to make penmnent joints ever since the first
infroduction of optical fibers, and its role in the construction of today’s optical fiber cable networks
is as important- as ever. The present fusion splicing techniques are highly sophisticated and have
evolved along with all optical fiber cables, '

In the case of GI optical fiber, comparatively thick diameter core of 50 um, low splice loss
could be realized by merely aligning the outer cladding. Heie, a fusion splicing machine with a
fixed V-groove to dlign the fibers served very well without any need to align the core. This
technique was further developed into a mass-fusion splicing method. A ‘mass-fusion splicing is a
method of splicing multi-fibers just in the form of optical fiber ribbon at once. There are two
principal technical points of a mass-fusion splicing method. One is cutting multi-fiber uniformly,
and the other is splicing multi-fiber equally. The mass-fusion splicing machine was applied to
reduce joint operation time and operational costs, since the mtroductlon of 5- GI optical fiber
ribbon in 19835, -

For splicing, the coatings must be removed and the optical fiber cut. When mono-coated fiber
was first introduced, an existing coating remover was employed. For cutting, a stapler type tool was
used which provided an optical fiber a crack by pushing an edge on,-and cut by bending with
rubber stand by hand. This method was sufficient for mono-coated fiber.

The introduction of mass-fusion splicing for multi-optical fiber ribbon, however; reguired a
multi-fiber cutting technique. To conveniently manipulate optical fiber ribbon through the process
ol coat removal, cutting and positioning on a splicing machine, optical fiber ribbon holder was
employed. In order to cut multi-fiber uniformly, a much improved fiber cutting method had to be
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developed. A round-edge is drawn across.the optical fiber ribbon to score the optical fibers. Then a
bar is-applied along the scored seam and all optical- fibers in a ribbon are vertically cut at precisely
uniform length; Another advantage of this. method is that it is not dependent on operator skill as
was the conventional stapler cutting method.. :

Low-loss splicing of SM optical fibers is much more d:fﬁcult th'm Spllcmg G’{ optlcal fibers.
This is because the core diameter of SM optical-fiber is only about 10 pm. NTT has thus sought to
develop a core alignment technique that enables low-loss:splicing independent of the degree of core
eccentricity. When NTT first began to deploy SM optical fiber, a power monitoring system for core
alignment was implemented; -More manpower: was required for this system, however, because
personnel must be required at three different locations of the light source, joint and optical detector
site. To overcome this drawback; a direct-core observation method was developed that requires
personnel only at the joint. In this technique core is aligned autonatically by the microprocessor
according to the gbservation from two direction by a image processor. This was the mainstay
splicing techmque for SM optlcai fibers up untli the realization of completely synthetlc SM optical
hbcr . :

By supressmg the core eccentr:mty of SM: Ophcal fnber to lcss than 1 Hmy Iow loss SphCin" of
SM optical-fiber has made possible only with outer diameter ahgnment as well as GI.optical fiber.
Moreover, through: the -development of advanced . image. processing technique, optimum splicing
conditions; of the -mutli-fiber end surfaces, intervals and misalignments of core can be visually
verified. By combining these various techniques, mass-fusion splicing of 4-SM optical fiber ribbon
* has been realized at an-average loss of only 0.11dB, as well as conventional core alignment method.

- This:technique was further developed for 8-SM optical fiber ribbons. Two types of splicing
machines have been.developed:: a'small-scale and l:ght-welght model capable of performing basic
functions, . and-a: fully -automatical model. The Iatter is full-automatic splicing machine makes full
use of elcctromc detection and display technology. With the automatic splicing machine, all the
operator action is to.set the optical fiber ribbon in the holder. The machine does automatically coat
‘removal, cutting, splicing and applying reinforcement after splicing, The total time required to
splice one optical fiber ribbon is about two minutes.

3.3 Connectors for Quiside Plants

Since the introduction. of optical fiber cables; fusion. splicing has been the main method of
joining optica[ fibers. Counectors--have been commonly employed, however, on maintenance
section in tc!ephone ofﬁce termmatlon pomts at user prem:seq, and at subscriber aerial line drop
pomtq e -
~Easy to Optlcal fiber j Jommg and re-Jommg is rcqulred to make the constructmn time shorten
and__ network structure more flexible. In this. context, then, use of connectors is a more suitable
approach than fusion splicing. For sore time, however, as was mentioned, the application contexts
for connectors: has been limited,. This is because, although connectors are fast to join optical fibers,
in terms of connection loss and cost, they suffer in comparison with fiber splicing..

As of 1986, however, a 5- -optical fiber ribbon, high-density GI optical fiber cable began to be
introduced; which created a need for an high-density connection: part to join the new cable. Here,
an acrylic plastic MF connector was developed to-interconnect the 5-optical fiber ribbon. In the MF
connector, the five optical fibers are positioned by two guide pins, and a clip applies pressure to the
plug housing to maintain the optical fibers in alingment. Connectorized optlcal fiber cables are also
-~ introduced to prevent comp!ex work in the field. .

SM optlcal fiber, which began to be systematicaily mtroduccd mto subscnber }oops in 1988
has' much: lower eccentricity as a result of the completely synthesized - VAD- process mentioned
earlier. Multi-fiber connectors called MT connector have been developed.for 4-optical fiber ribbon
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and 8-optical fiber: ribbon, Startmg ‘with a-basic MF' connector, extremely precnse technology is
called for to obtain:the high alignment precision that is required. For the 8-optical fiber, the MT

conector réalizes a-véry low connecting: loss ‘of (.35 ‘dB-on' the:average.: Application of the MT

connectors to subscriber loops will make it possible to configure more flexible cable network, -

34. thle She‘lth Iomt and Spmc 0phml I‘lbcr Trmmlent

For the Optlcal flber C'lb}e dmath 3omm a mechameal c!mure method was adopted from the-
very begmmng This method was adopted because its use does not involve open-flame Wthh can
casily damage optlcai fiber. The first optical fiber cable sheath joint was made of metal tube, and air
tightness was maintained by tubber tubes and O-rings. : : : '
_ ‘Mid 1980 was a migration period from the Jead: sleeve method- wfuch required open ﬂame
(the “hot—;omt” method) t6 a mechanical “cold—jomt" ‘method closure “even for metallic cable
sheath Jomts At this- same time, around 1985, umfled “standard closure” sheath joints began to
applied- to both metallic and optlcal fiber cable, This:standard closure, constructed with a plastic
half-sleevé and ‘rubber -end plates, has greatly: s;mphﬁed maintenance work, ‘especially the
installation of optical fiber br’mchmg joints. The standard closure  has been further enhanced since -
1988: it was ‘made -even easier. to. install:in the field, its parts were mmphﬁed and reduced in

nuimber, and various ‘cost-cutting modifications were -adopted. - :

“In-the design of optlca! fiber cable ‘joint’ ¢losire, spare- optlcal f:ber treatment is a. very
important issue, Storage of spare Optlcal fiber for trunks and subscriber loops is based on different
conceplions. ‘The comparatively few fibers that are needed for trunks are-stored independently in
‘the form. of fiber ribbons. This arr‘mgement insures highly stability - of . optical “transmission

~ characteristics at the ‘optical fiber j joining point and facilitates maintennance work. In'the case of
subscriber:loops, it is connection parts that correspond to the various branchmg configuration.

3.5 Maintenance Operation Supporting Systens

When optical fiber cables were first introduced, NTT employed a gas-pressurized system to
supervise underground optical fiber cables. This system had. already been employed with good
results in exsiting metallic cables, and is effective for: superwsmg the state of the cable sheath and
also for locating gas leaks based on the dictribution of: gas- pressure level.in the cable. ,

Recent trends in-optical fiber networks, however, are reducing the effectiveness of this system,
The development of 1.5 um dispersion-shifted optical fiber cable has made it possnble to greatly
extend-the span between trunk line repeaters; This longer repearter spacing has made it impossible
to supply adequate pressure level gas from the system equipments installed only in telephone office.
Gas-pressure maintenance requires a gas-dam in the terminal of the cable gas section. The gas-dam
is not only expensive but also takes a considerable time to manifacture. For subscriber loops with
numerous cable branches, the gas-dam is a real bottleneck th'it hmders the- construction of 1arge~
scale networks following the tight subscriber néeds.- B

Even the optical fiber cable status would ‘be superwsed the optncal ﬁber transmtsston
performance was not monitored. ‘What was needed, therefore, was a-method ‘of checking the
optical fiber transmission characteristics. As the optical fiber count in cables has gone up, so has the
cost of final complétion testing. ‘Transmission characteristics of many optical ﬁbers, even: in service
should be measured automatically, To meet these requirements, NTT has completely updated its
maintenance operafion supporting systems for application to optical fiber cable networks,

Redundant opticat fibers are bent to be stored in the cable jointing closures. Owing to bending
stresses, a bent optical fiber sharply reduces its breaking life in comparison with a ‘straight optical
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fiber when exposed to water, Optical cable jointing is the weak point against water penetration in
optical fiber cable lines. For this reason, a water sensor is installed in every jointing point to
monitor water penetration. The sensor is triggered by swelling pressure that occwrs in the presence
of water. -

Optical couplers are installed at the terminal of optical fiber lines in telephone offices,
functioning as a “window” to monitor the transmission performance of the optical fibers, even in
service. o ‘ ' '

Testing units are installed in every cable terminating telephone office. Supervising terminals
are installed in supervising center where maintenance crews are, and control the various
maintenance operations such as fault location and automatic optical fiber testing. The data obtained
from these operations are stored in the system database. The maintenance department is then able
to check the state of optical fiber cables by analizing the collected data in the database.

This maintenance operation supporting system that implements these functions, have been
introduced . into both trunk transmission lines and subscriber loops since 1989 and 1990,
respectively. The system for trunk lines is called FITAS and that for subscriber loops is called
AURORA. : S

In the case of maintenance for outside cables, maintenance operation needs personel
communication. between intra-offices and manholes to carry out the testing, Optical talk tool is
indispensable particularly for non-metallic optical cable which has no metallic interstitial wires.
Since the initial introduction of optical fiber cable, optical talk tools that access to the fiber-end
exists. However, fiber end access method is not convenient because this method needs fiber cutting -
and splicing at working point of outside. Then new optical talk system which enables non-
destructive fiber access has been developed in 1993. This system realized easy operation for multi-
point communication using unbroken optical talk line.

4. Conclusion

In this presentation, I have surveyed evolution of NTT’s optical fiber cable and related
technologies since the first introduction to the present. NTT keeps on challenging to deploy more
valuable technologies centering around the fiber optic subscriber network. I hope this presentation
makes a contribution to development of the telecommunication in Mexico.
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Ted, C65-0700 Fax 665 62

— 100 —



AR

 OBSERVACIONES:

l.-: El temario para el curso de ﬁbra dptica es muy amplio tomando en cuenta que trata
' temas de las 4reas de Planta Exterios, Centrales y Transmisién. Por tal motivo los
candidatos al curso deben tener un cierto conocimiento sobre la planta telefénica.

2.- Para ser un curso de fibra éptica, el tiempo del curso dedicado exclusivamente a
fibra Optica abarca un 35% del total del tiempo del curso.

3.- El curSo en cuanto a gjercicios practicos ocupa un 10% del total del tiempo del
curso, aunque las pracncas que se mencionan son las recomendadas para un curso
de fibra Optica.: :

4.- Por el contenido de los temas el curso se recomienda a personal gerencial de nivel
medio, instructores, jefe de linea de primer nivel con ciertos conocimientos de la
"planta telefonica.

5.- Al terminar el curso los participantes tendrian un amplio conocimiento sobre una
red telefonica de modernas tecnologias, aunque no conocimientos muy profundos
de cada uno de los temas, por el corto tiempo dedicado a ellos.

6.- En general el temario abarca temas de tecnologias actuales tendientes a usar la fibra
' dptica como medio de transmision, y los servicios diferentes a la telefonia que se
pueden satisfacer con estas redes tales como video, datos, etc. (servicios tendientes

a RDSI).

.- En relacion a nuestros cursos, todos los temas de este curso a excepcion de las
visitas, los tenemos contemplados aunque en diferentes cursos, ya que como se
observa, los capitulos 1, 3, 5, 6 y 9 no son temas propios de un curso de fibra
Optica en particular.
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OBSERVACIONES:

Tema 1: - Si el curso es de Planta Externa este temia es de mucho ttempo la obra civil se
: : puede dar al fnal : Sl
Tema 2; Se deberfa dar mas tlempo al aspecto practlco subtemas 8 y 9 de 6 dlas y3.5 a la

teoria.
Temas 3y 4: - Serfa para personal de Transmision.
Tema 5: Mucho tiempo para aplicaciones fuera de TEL-MEX 1 6 mas 1.5 dias bueno.

Tema6: - - Adecuado.

Temas 7, 8 :
y & Mucho tiempo para saber lo de otra admmlatracxon
- 2.dias adecuado.. : : o :
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L Principios Basicos de las Fibras Opticas.

_II.-: - _Cables .OIpticoVs,r Des'qripciéh y Aélicagiopes. B
L | Emp‘:flln;es, ﬁjsirén' y:.mébi’iriicd. '_
IV Caja de efni)al:ne, caraé_terisiicas ﬂsxcas
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Vi - Instalaéién dé Cable Optico.
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Duraciéon: 10 dias,
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