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INTRODUCTION TO OPTICAL
TECHNOLOGY.

Today the world is migrating
towards the Optical Technology. Tele-
communication, Broadcast, Cable and all
other communication related Industry
largely depend on it because of its
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advantages like covering longer distances,
lower losses & lower interference thus
resulting in better signal quality.

To carry any kind of Optical Signal the
medium required is the Optical Fibre Cable (OFC).
It is the backbone of all optical networks. Today no
distance is too far, the distance between two
individuals or
counterparts
across
geographical
boundaries
are no more
hindrance to
communicate
with each
other, just pick up the phone and you can speak to
others thousands of miles away, or log into any IM
and do a video chat to know the well-being of your
family away from you or to conduct a virtual
meeting between branches of an organization
established in different continents, all thanks to the
connectivity provided by Optical Technology.

Long Haul Fibre Cables are laid undersea to
connect continents and countries with each other
to establish networks and make the world smaller
virtually. OFC play a very vital role in our day-to-
day lives in some way or the other.

REVOLUTION IN THE CATV INDUSTRY

Prior to the Optical technology, the backbone
of the CATYV signals used to be co-axial cables.
Starting from the Head end, till the end customer
point, coax cables were laid to carry signals. Some

SATELLITE & CABLE TV

SURAJ KATARA

77

el © |

o O e & Sifedha PRFE @l &l
& & [T W B Siitedhd BEa dad (STET) @
T BTl B | T8 AT ST Jeadhl bl 3T & | 37 i
01 e et &, Ariiici A1 % U &1 SAted A T &
dra &1 T &
Tl Udh gAY a1
H H 9T
T @I aTeT T
Y BN e 57
AR
T © AT [ T 3TEUA § @ & A 39T Bl 7 7o
T 3T FITERT @l e airear 92 7 YAl & Fehd © a1
o7 fafi=T SUMRTE § ZNiud e & aial & dig ardide
Yo &I A BT Thd &, 39 T & [0 Sieda daih
BT UM & fo70 S aiedl dhriidreieel sl e |

34T T HRTEN Bl ST & g F95 & a7 & @an
FEAY dAd e T, M 9 Uh- & Hedd
& AT AT F AT | BreT a9 | ARy e g
feF-ufafem & @M & foedr 7 foell =9 § 37ed syfiepn forerey
ZI
A & § it

ST ddhlehl T Tac hI-UfHTad e i S5
HUTET BT & 3R & =9 § fobam ST o | 220 7 %
ZHT SUUTERTT & T dh H-UHad &ad &l Teral T

AUGUST 2010




B -cRe switcH I

of the typical problems with these cables were signal
losses and interference from the outside world and
were directly proportional to each other. As the
distance increased, the losses increased, increasing
the interference, which became significant, because
the signal level was very small.

The solution to cover-up for losses and to
carry signals to a longer distance was to use
Amplifiers, inserted at fixed intervals, to amplify
the CATV signals and thus carry them to a longer
distance. But the addition of amplifiers meant that
the amplifier’s own internal noise and distortion
was added to the system, further degrading the
signal quality. The end result was that many
amplifiers had to be used as the distance increased,
even though the signal level was high, the picture
guality was not acceptable. Thus there was a
limitation to the distance to which CATV signals
could be carried.

OPTICAL TRANSMISSION

To over come all these shortcomings optical
technology for carrying CATV signals was
developed. An optical transmitter takes in the
CATV Signal and converts it into optical signals for
transmission. At the other end, optical receivers
accept these optical signals and convert them back
to their original form which is an RF CATYV signal.

To carry these optical signals from source to
destination, OFC is used as the back bone.

Fibre Optic Cables have extremely low loss
(0.3 dB per Km ) enabling the CATV signals to be
carried over longer distances without
compromising much on the quality and hence
covering a larger customer base.

Since Fibre Optic cable distribution does not
require amplifiers at frequent intervals, the system
is not affected by power failures in the field. Also,
Fibre Optic cables are actually cheaper than coaxial
cables, and the fact that no optical amplifiers are
required, a Fibre Optic based CATV trunk is actually
cheaper than a coaxial cable trunk.

Soon cable operators realised the potential of
this technology and quickly shifted to Fibre Optic
cables for the huge benefits it offered.

PRO’S AND CON'’S OF FIBRE CABLE:
With the increasing demand of Fibre cable
there was a great reduction in its price and
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simultaneously the penetration kept on increasing.
The need for OFC kept on growing and more and
more dense OFC were produced with each cable
having multiple cores. Today fibre Optic cables are
available with cores containing 2, 4, 6, 8, 12, 24...96
or more fibres. Fibre cables helped in reaching
longer distances, increasing signal quality etc .

However, managing Fibre cables is a difficult
task. Joining two fibre cables to increase the length
or to undo a break in a fibre cable is a lengthy
process and is called ‘Splicing.” Splicing is used to
join open ends of 2 Fibre cables with each other. It
is not a simple process like joining copper cables,
but specialized tools and trained technicians are
needed to achieve this.

Hence if unfortunately there is any break in
the Fibre cable, there is a comparatively higher
downtime, to find the location of the break, and to
then fix the break with fusion splicing. The situation
iscompounded further, if there are multiple breaks.

From a consumer’s viewpoint, a long
interruption in their Cable TV service is not
acceptable.

REDUNDANCY OF THE NETWORK:

To avoid downtime of the network,
redundancy is adopted. Redundancy means a
backup or a secondary link. Therefore when the
main link goes down, the secondary link is used to
transmit the signals. There are 2 links which carry
the same set of signals to the receiving devices, if
there is any problem with the main link the
receiving device starts taking input from the
secondary link, significantly reducing the down
time. Also the main link can be then repaired with
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Figure 1: Using Extra Core Within The Same Cable To Provide Redundancy

more peace of mind as the network is running on
redundancy and once the main link is again up and
running the network switches back to it.

There are different ways by which
redundancy is adopted by operators to overcome
downtime. A few of these are mentioned below:

1: REDUNDANCY BETWEEN CORES IN

SINGLE OFC:

This is a very cost-effective method of
redundancy adopted. As mentioned earlier, an OFC
cable can have multiple cores of Fibre and there are
chances that only few cores are used for actual
transmission of signal and rest are free. These free
cores can be used for redundancy.

As indicated in Figure 1, if the main core
carrying signal fails or breaks, the transmission can
be shifted to one of the redundant cores, thus the
downtime would be equal to the time required to
shift connection of the TX (Transmitter) and RX
(Receiver) devices from the main fibre to the
redundant fibre. After shifting, fault location &
splicing of main core can be done at leisure.

This is also the weakest type of redundancy
as all these cores are in the same Optical Cable. As
a result, if the main core breaks there are high
chances that the entire cable has broken, and in this
scenario even the redundant core will have been
broken. A better method or redundancy is to have
a completely separate redundant OFC.

2: REDUNDANCY BETWEEN CABLES:

To create a better redundancy, Service
Providers use a completely separate cable to provide
redundancy. Hence, if there is any problem with
the Main Fibre, the transmission can be shifted to
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There are different architectures adopted in
such redundancy based on the path chosen for
Redundant OFC from the base station to the
receiving station. These are:
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Figure 2: Using 2 Separate Cables To Provide Redundancy

A: RUNNING PARALLEL CABLES
When the main cable fails the redundant link
takes over. However, as both these cables run
parallel i.e. the route from the base to receiving
station of both the cables is the same, if one cable
breaks due to a tree falling, or digging of the trench
in which the cable is laid, both the cables will be
simultaneously damaged, making the redundancy
useless.
B: RING ARCHITECTURE
The ideal solution to provide redundancy is
to route 2 different Fibre Optic cables along
completely different paths. This is shown in Fig. 3.
If for any reason any one of the 2 cables
breaks, the transmission can be restored using the
2nd (standby/redundant) cable to establish
connectivity between the transmitter and receiver.
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Figure 3: Ring Layout Using 2 Separate Cables, Each With Different Paths To Provide Redundancy
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REDUNDANT FIBRE SWITCH:

Redundancy is adopted to reduce the
downtime and safeguard business from network
problems. In all the above cases of redundancy the
downtime equals to time required to shift the
connection for TX and RX devices from main fibre
to the redundant fibre. Redundancy can be achieved
in two ways:

1: MANUAL REDUNDANCY:

In this method actual shifting of fibre cables
at the input ports of receiving device is done
manually. Therefore an attendant needs to be
present 24 hours at the receiving station to perform
this task if any failure occurs. So the efficiency and
downtime of such redundancy completely depends
on availability of the attendant at the time of failure
and his response to the failure. There is a noticeable
amount of downtime in manual redundancy
because the response cannot be instant.

2: AUTO SWITCH-OVER WITH A FIBRE

REDUNDANT SWITCH:

A Redundant Fibre Switch is an active device
that takes inputs simultaneously from the Main
Link and Redundant Link and gives a single output
to the RX device. It continuously monitors the input
from the main fibre, if there is any failure or problem
with the signal from main fibre it switches to
redundant fibre and provides continuous output to
the RX device. The switching of output from main
to redundant is instant and thus the downtime is
almost zero. Typically, the switch over takes only a
fraction of a second, so consumers are not even
aware that there had been a failure of the main fibre
and a standby fibre has been switched into service.

INSTALLING THE SWITCH
Fibre Switches are very simple to use and
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Figure 4: Fibre Switch Installed Using Extra Core Within The Same Cable To Provide Redundancy
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Figure 5: Fibre Switch Installed With 2
Separate Cables To Provide Redundancy

Base Station ! Main
; ---------------- E Main E Input
o P R
N | i Redundant ' Redundant CY  Optical RX
! Input

Receivina Station

install, they have to be placed right before the
receiving device. These switches can be used in any
Redundancy architecture.
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Route A - Main Fibre 4

Receiving Station

ain Input
Optical RX
Redundant

Input
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Figure 6: Fibre Switch Installed In A Ring Layout Using 2 Separate Cables & Paths To Provide Redundancy

AUTO REDUNDANCY SWITCHES

As illustrated in diagrams 4 to 6 above, a Fibre
Switch can be installed in any environment to
achieve Auto Redundancy of the Network thus
reducing the downtime and dependability on the
efficiency of the attendant. If any failure occurs even
in the middle of the night the Switch can take care
of switching the network from Primary link to
secondary link, automatically.

Once the problem on the main link is
identified, it can be rectified by the splicing team.
After the main link is repaired the fibre switch will
automatically switch back to main link. This is
redundancy in true sense where the downtime is
almost nil and switchover is instant.
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TYPICAL SPECIFICATIONS FOR A FIBRE SWITCH

wEE Rag & fog fafdre fMfdsaton

Wavelength 1260 to 1360 or CEGE] 1260 to 1360 or
1510 to1610nm 1510 to1610nm

Insertion Loss < 1.0dB T @ < 1.0dB

Polarization Related Loss <0.1dB ‘TIWTIE@TSH K| REl @ <0.1dB

Return Loss > 55dB fe @ > 55dB

Path crosstalk effect > 60dB 91 B JATE > 60dB

Switch Repetition < +0.02dB g Fowm < +0.02dB

Transmission power < 500mw '{rﬂﬁTQH gfe < 500mw

Switching time 10mS P R 10mS

Working Temp. 10°C to +55°C HETT A 10°C to +55°C

Optical Input range -25dBm to +25dBm e Bt ks -25dBm to +25dBm
(or 27dBm optional) (31 27dBm Tehieudh)

Optical Connector FCIAPC or SC/APC itz dige? FCIAPC or SC/APC
optional Eeaecs

Power consumption 7W max EIELEERE] 7W max

Store Temp. Range -20°C to +80°C T A T -20°C to +80°C

Physics dimension 480 x 370 x 44mm i e 480 x 370 x 44mm

Weight 4.5 kg ESET 4.5 kg

SETTING SWITCHING LEVELS Reaaw &R’ @l Trer

Setting up a fibre switch is extremely simple.
A minimum threshold value is to be set for the input
of the switch. If the input signal from the main fibre
falls below this level, the switch will automatically
disconnect the main fibre and shift to the redundant
fibre. The switch over is extremely quick: 10 milli
seconds or 1/100th of a second.

SWITCH CHARACTERISTICS

While the characteristics of a Fibre Switch
may vary somewhat from manufacturer to
manufacturer, the broad characteristics are :

WAVELENGTH

Different Fibre Switches are available for use
at either 1310 nm or 1550 nm. You need to specify
the wavelength when ordering. The same switch
cannot be used for both wavelengths.

ANALOG & DIGITAL

Just as an Optical TX can accept Analog as
well as Digital Input, the Fibre Switch can also
accept both these inputs together. It also provides
simultaneous analog & digital outputs to the optical
receiver or node.

The Fibre switch does not read or modify the
data at its input. It just monitors the signal level or
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strength, so it simply passes on the signal from the
selected input to the output, irrespective of whether
the signal is analog, digital or a mix of both.

SWITCHING TIME

The switch takes less than 10 milliseconds to
switch from the main input to the secondary input.
Thus the downtime is almost negligible and
switchover is unnoticeable.

INSERTION LOSS

The losses added by the Fibre Switch is
between 1.0 to 1.3 dBm, so network designers will
have to take these losses into consideration.

POWERING THE SWITCH

Fibre switch is an active device and incase of
a power failure, the switch will connect the primary
input to the output. The switch will not interrupt
the signal. Only the redundancy switch over
function of the switch will not work while there is
a power failure.

SWITCH CONFIGURATIONS

Switches are available in different
configurations, to suit any application or system.
They are available as: 1 input x 2 output; 2 inputs X
1 output or 2 inputs x 2 outputs.

IDEAL SOLUTION FOR ALL NETWORKS

A few years ago, when this technology was
introduced, optical switches were built into Optical
Receivers (Node). Their price was high, restricting
their use to only large MSOs and optical fibre
networks.

However, today they are available as
standalone products (without nodes), at reasonable
prices (Typically Rs 60,000 to Rs 70,000 + tax). This
facilitates their use with different types of receivers
and EDFAs. Also there is no need to replace the
existing devices or change the architecture or network
design, just place the switch before the receiving
device and Auto Redundancy can be achieved. m
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