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About this Book
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1. Basics of Digital Cable
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Unit 1.1: Evolution of Cable and Satellite Television
Unit 1.2: Headend System and Distribution Network
Unit 1.3: Multi Play Digital Services
Unit 1.4: Access Network Architecture
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.

Explain the history behind cable and TV
Explain master distribution centre
Identify headend components
Identify Cable types
Explain cable structure
Identify supporting wires
Explain connectors
Define amplifier and power inserter
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UNIT 1.1: Evolution of Cable and Satellite Television
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the history of cable TV
2. Explain the history of satellite television in India

Television was introduced to India, with experimental transmission from Delhi, on
September 15, 1959. It was managed and controlled by All India Radio (AIR) which provided
the engineering and programme professionals. That time, it included:
• 21 community television sets (CATV)
• A make shift studio
• A low power transmitter
In 1965, a news bulletin, in addition with a daily one-hour service, was started. The services
were extended to a Mumbai in 1972.
The television stations were set up by Doordarshan in 7 cities by 1975. Those cities are
Calcutta, Chennai, Srinagar, Amritsar and Lucknow. Though in the beginning, AIR and
Doordarshan were controlled by the same management, but later, in 1976, Television
services were separated from Radio.
The initial version of CATV started taking place in the households in some states, such as
Maharashtra and Gujarat, by the name of Master antenna Television (MATV). In this system,
one common antenna at the rooftop was used to serve 1 Door darshan channel and a local
VCR channel in analog mode.
Doordarshan started facing a big challenge in the decade of 1990s. The Gulf War was
covered by CNN through satellite and was telecast, in the national channels of the Asian and
western countries. It created potentiality among the viewers, particularly in developing
countries, to watch foreign broadcast via satellite.
In 1992, a Hong Kong based group of companies launched a Satelite, for Satellite Television
Asian Region (STAR), whose footprint was available in Indian subcontinent. The STAR
Television programmes are broadcast by AsiaSat-1 Satellite. The STAR TV channels, for
example, Star Plus, BBC, Prime Sports and MTV (which is now replaced by V Channel) relay
their signal round the clock. Zee TV, a Hindi channel, started showing its programs by using a
transponder from Star TV.
The advent of Satellite television motivated the cable operators to receive its programs of the
channels, rising on a regular interval. They also show their own programs, such as, popular
serials and film based programmes in their own local channel, apart from linking satellite
channels. It provided the Indian middle class families, an alternative of the DD. The popularity
of satellite television became popular in small towns and villages of India too, as well as the
metropolitan cities.
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The demand of the customers for various channels was found increasing day by day with the
growing number of channels. It was a limitation for analog transmission to create any further
expansion. The era of digitization came in to action in 2003, starting from Metro cities and
covering all the Indian subcontinents by December 2016. It recent days, more than 1200
channels are available in Indian footprint including SD and HD transmission. Customers can
choose a plan to view the channels of his/her choice and pay only for those.
In the journey from MATV to Multi play services, there has been a significant advancement
in the field of:
•
•
•

Transmission technology
Video compression and modulation technology
Access technology or various delivery platforms

Development of fiber technology and its uses have provided unlimited bandwidth of data
propagation and thus, made the network faster.
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UNIT 1.2: Headend System and Distribution Network
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain Cable and cable types
Explain Headend system
List the Cable Connectors
Describe Power Inserter
Describe Amplifier

1.1.1 Basic of Headend System
The master distribution centre of a CATV system is the headend, that receives the incoming
television signals from various video sources such as video players, DBS satellites or local
studios. It then selects the signal, amplifies and re-modulates them onto TV channels so that
they can be transmitted through a distribution network, down the CATV system.
The incoming signals for headend systems, involve satellite receivers, off-air receivers and
different types of transmission links. The signals are received and processed by the channel
decoders. The headends typically use integrated receiver devices which incorporates multiple
receiver and decoding and decryption functions into a single assembly. After the incoming
signals are received, separated and converted into new formats, they are selected and
encoded for being stored or retransmitted in the CATV network. These signals are then sent
on the CATV distribution system after being modulated, amplified and combined.
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Components of Headend System
The following figure lists the components of headend system:
Dish antenna
LNBC
Integrated Receiver Decoder –
IRD
Encoders
Transcoders
Components of Headend System
Multiplexer
Channel combiners
Optical Transmitter
Servers
Switch
Fig. 1.1.1: Headend system components

Dish Antenna
It is a parabolic reflector that acts as the gateway of the satellite signal by receiving it from
the satellite in C’ band frequency within the range from 3.7 to 4.3 GHZ and concentrating
them in a focal point where the they are gathered by a low noise block converter (LNBC).
LNBC
It is the device, placed in the front of the dish antenna. It receives the low-level microwave
signal from satellite, amplifies and converts them to a lower frequency band ranging from 950
to 2150 MHz and transmits them to the indoor receiver.
Integrated Receiver Decoder (IRD)
The IRD helps to recover the desired base-band signal by the following steps:
• It receives low band frequency signals from LNBC
• It processes and decodes the signal
• It demodulates them and then decode as per the encoding system (while transmitted)
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The following figure shows the components of IRD:

Fig. 1.1.2: IRD components

There are two professional IRD outputs. They are:
1. Asynchronous Serial Interface (ASI): It uses a 270-Mbps digital signal for transferring one or
more compressed video, audio or various data signals, from the MPEG transport stream
packets.
2. Serial Digital Interface (SDI): It is a family of digital video interfaces which was first
standardized by the Society of Motion Picture and Television Engineers (SMPTE). The use of
this interface are as follows:
a. The digital video interfaces defined by SMPTE 259M are used for broadcast-grade video.
b. High-definition SDI, standardized in SMPTE 292M, offers a nominal data rate of 1.485
Gbit/s
c. Uncompressed and unencrypted digital video signals, that may include embedded audio
and time code, are transmitted within television facilities using SDI standards.
d. The standards can also be used for packetized data.
Difference between ASI and SDI Signal
Both ASI and SDI may be serial digital streams and use BNC connectors. But they are not
interchangeable, which means, SDI cannot be fed out of one device and put into another device
that is expecting ASI or vice versa. The main difference between the ASI and SDI signals is listed in
the following table:
ASI

SDI

•ASI carries compressed data that may
incorporate multiple programs,
available in a particular frequency of a
transponder.

•SDI is an uncompressed format for
transferring a baseband digital signal
which include audio or video program.

Fig. 1.1.3: Difference between ASI and SDI
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Encoders
The encoders digitize the analog video signal to a baseband digital signal, compress and
modify the format of the data and control signals which need to be transmitted by using some
standard devised format or codec. The following figure shows location of encoder:

Fig 1.1.4: Location of encoder

Transcoder
It changes the format of a digital video, to make them viewable across various platforms and
devices. Video transcoding is one to adapt the media formats, such as changing a MPEG-2
format to MPEG-4 format.
Multiplexer
It takes multiple program streams such as ASI or MPEG PS, to be transmitted through various
channels, services, SMS, CAS, EPG and combines them into a single ASI or MPEG2 TS. This
intelligent device is also called Multiple Program per Transport Stream (MPTS). The following
figure shows the concept of a multiplexer:

Fig. 1.1.5: Concept of a Multiplexer
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Channel Combiners
It combines the multiple RF channels into a single transmission line preventing the signals
from a single channel from pushing them back into a transmitter.
Optical Transmitter
An optical transmitter is a vital part of fibre optic communication. The light source of the
transmitter, that coverts the electrical signal into light, may be light-emitting diodes (LEDs)
or laser diodes (LDS). The following figure shows the concept of an optical transmitter:

Fig. 1.1.6: Concept of an optical transmitter

Servers
A server is a hardware device, used to store, retrieve and send files and data from one
electronic device to other devices such as computers, handheld gadgets or display devices
connected on a network. On a wider scale, Internet, the worldwide computer network,
depends on a large number of servers around the world. The files, data and functionality of a
website are dependent on servers. It is a most powerful and contains high memory and
storage.
Servers hold more power than their client computers in context to processing, memory and
storage. The client computer requests information from the server. The servers are classified
based on their usage.

9

Participant Handbook

The following figure lists the different types of servers:

Web Server

Application Server

Proxy Server

Mail Server

Virtual Server

File Server

Policy Server

•It is a computer program that provides requested HTML pages
or files.
•The program that requests the web content is known as
a client. For example, Web browser is a client and it requests
HTML files from Web servers.
•It is a program in a computer in a distributed network that
offers the business logic for an application program.
•It is a software which acts an intermediate between an
endpoint device and a server from which a user is requesting a
service.
•It is an application whichfacilitates the exchange of email
between local or remote senders, by receiving incoming mail
or forwarding the outgoing ones.
•It is a program in a shared server, configured such a way that,
every user thinks they have complete control over it.
•It is a device that acts as a central storge of the data files
which can be access by the computers on the same network.
•VoD server, TSTV server are examples of file servers.
•It is a security components on a policy-based network,
providing authorization services and facilitating tracking of
files and control them.
•SMS server, CAS server, AAA Server are the examples.

Fig. 1.1.7: Different types of servers

Switch
A switch is a network device which connects multiple devices, connected to the network. It
receives, processes and forwards data, using packet switching, to the destination device. It
acts as a multiport network bridge, that processes and forwards data at the data link layer, by
using hardware addresses. Layer-3 switches or multilayer switches, also, process data at the
network layer by incorporating routing functionality.
The digital services are basically packetized video which are stored in differed formats. The
formats depend on the types of the devices that are required to be served. When the file is
requested by a customer, it is routed to him/her by the switch only, after proper
authentication.
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1.1.2 Basic Distribution Network
A distribution network is used to distribute digital video programs, data services and value
added digital services to the end customers. All the customers must be connected by cables
to the Central office or headend. The distribution network is designed by the network experts
of the Service Providers, in such a way that the customers can receive the least threshold level
of signal all the time.
The main elements of a distribution network are:
• Cables
• Connectors
Cable
Cables are the nerves of the distribution system for providing services. Various services such
as Telecom, CCTV and broadband services require to be pushed through a cable network.
The types of cables depend on the geography, customer base and availability. The cables used
for primary, secondary and tertiary network are known as trunk line, feeder line and
distribution line respectively. The cables are used as per the requirement such as, its length,
loss and future expansion of the distribution network. The following figure lists the cables
used in distribution network:

Fiber Cable

Coaxial Cable

UTP Copper Cable

Fig. 1.1.8: Cables used in distribution network

Optic Fibre Cable
As name suggest it has bunch of fibers which are protected with the use of individual plastic
covers. Digital data signals are transferred up to distances of hundreds of miles, through the
optical cables in the form of light. The cables provide higher throughput rates as compared to
electrical communication cables. This cable is commonly used in trunk lines.
The fiber-optics is replacing the copper wire system. The difference between the two, lies in
the mechanism used for the data transfer. The fiber-optics use light pulses to transmit
information whereas the copper wire system uses electronic pulses for the transfer. The
following figure lists the benefits of the use of fiber optic cables:
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Speed

Bandwidth

Distance

Resistance

Maintenance

•Fiber optic networks provides high data transfer rates, up to
gigabits per second.

•It offers large data carrying capacity.

•Signals can be transmitted up to a great distance without
being strengthened or refreshed using a repeater.

•It provides greater resistance to electromagnetic noise created
by radios, motors or other nearby cables.

•The maintenance cost of fiber optic cables is less.

Fig. 1.1.9: Benefits of the use of fiber optic cables

There are two types of fiber optic cable commonly used:
• Single mode
• Multimode
Single Mode Fiber Cable
Single Mode cable provides one mode of transmission through a single strand of glass fiber of
diameter of 8.3 to 10 microns. It requires a light source with a narrow spectral width and
carries a bandwidth higher than multimode fiber. It has a small diametrical core allowing only
one mode of light to propagate typically 1310 or 1550nm. Hence, the number of created light
reflections gradually decreases as the light passes through the core, lowering the level of
attenuation and thus, allowing the signal to travel further. This is generally used for the longdistance applications requiring higher bandwidth, run by CATV companies, Telcos and
Colleges and Universities. The following image shows a single mode fiber cable:

Single Mode fiber

Fig. 1.1.10: Single mode fiber cable

Multi-mode Fiber Cable
The large diametrical core of multimode fiber optic cable allows multiple modes of light to
propagate. The number of light reflections created gradually increases with the light passing
through the core, and thus providing the ability for more data to pass through it within a
specific time duration. The quality of the signal is reduced over long distances due to the high
dispersion and attenuation rate. It is generally used for short distance, data and audio/video
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applications in LANs. RF broadband signals, commonly used by the cable companies, cannot
be transmitted via multimode fiber. The following image shows a multi-mode fiber cable:

Fig. 1.1.11: Multi-mode fiber cable

Coaxial Cable
Coaxial cables are typically used in the distribution and feeder line of hybrid fibre coaxial (HFC)
network. It has basically three layers in an order of inner conductor, through which the
electrical signal flows, insulating layer and conductive shield. Sometimes, these layers are
covered by insulating outer jacket. The coaxial cable is known in the market as Radio Guide
(RG), for example RG 11, RG 6, RG59 and so on. The following image shows the structure of a
coaxial cable:

Fig. 1.1.12: Structure of a coaxial cable

The structure of the coaxial cable is as follows:
1. Centre conductor which is made of pure copper or copper-clad steel
2. Centre conductor bond which is of clean stripping polymer, to prevent moisture migration
3. A closed cell foam with high VP layer of dielectric - polyethylene for providing mechanical
stability
4. Outer conductor with the following layers:
• First outer conductor – A shield, securely bonded to the dielectric core, with an
aluminum-polymer tape
• Second outer conductor - Another additional aluminum-polymer tape for enhancing HF
shield isolation before and after flexure
• Third outer conductor – Another extra aluminum-polymer tape for providing further HF
shield isolation before and after flexure
• Fourth outer conductor – An aluminum braid of 34 or 36 AWG, used in quad-shield
constructions for improving LF shield isolation in RF noise environments
5. Corrosion resistant protectant:
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•

Indoor and aerial - A non-drip material for the elimination of moisture migration into
the inner layers of the cable
• Underground - A flowing compound with the ability to seal small jacket ruptures
6. Jacket – A UV stable outer jacket, made of polyethylene (PE) or flame retardant polyvinyl
chloride (PVC), to protect the core throughout the life of the cable.
7. Integral messenger - A galvanized, carbon steel wire attached to the cable for support
Unshielded Twisted Pair (UTP) Copper Cable
It is commonly used in telephone wiring and LANs. There are five types of UTP cables,
classified based on their supporting bandwidth. The following image shows a UTP copper
cable:

Fig. 1.1.13: UTP copper cable

The following table lists the types of UTP cables:
Type

Description

Speed

CAT3

It is usually deployed in phone
lines, but it is rarely used now.

10 Mbps for up to 100
meters.

CAT4

It is used in token ring networks.

16 Mbps for up to 100
meters.

CAT5

It is used in Ethernet-based LANs,
CAT5 contains two twisted pairs.

100 Mbps for up to 100
meters.

CAT5e

It is used in Ethernet-based LANs.

1 Gbps for 100 meters.

It contains four twisted pairs.
CAT6

It is used in Ethernet-based LANs
and data center networks.
It contains four sets of twisted
pairs which are tightly wound.

Fig. 1.1.14: Types of UTP cable
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The following image shows different types of UTP cables:

Fig. 1.1.15: Different types of UTP cable

Connectors
Connectors are junctions which are used to repeatedly connect or disconnect a cable to/from
another one or to/from a device such as a detector or a source. The connectors depend on
the types of cable used.
Fiber Connectors
The end of an optical fiber is terminated using an optical fiber connector. It facilitates
connection and disconnection of a cable, quicker than splicing. These align and join the core
fibers mechanically, allowing the light to pass. A good connector allows very little loss of light,
due to reflection or misalignment of the fibers. There are around 100 types of connectors
available in the market. The connectors used in fiber cable are listed in the following table:
Type of connector

Image

Description

SC Connector

It has a locking tab,
enabling push-on and
pull-off operations.
It is simple, cost
effective and uses a
ceramic ferrule for
delivering
correct
alignment of the single
mode fibers (SMF).
It is commonly used in
Gigabit Passive Optical
Network
(GPON),
Ethernet Passive Optical
Network (EPON), fiber
media
converters,
multiplexers and so on.
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FC Connector

It contains a threaded
body, designed or high
vibration situations.
It is used in video over
fiber transmission
equipment.
It is used in single-mode
optical fiber as well as
polarization-maintaining
optical fiber.

ST Connector

It is similar to BNC
connector.
There are two versions,
ST and ST-II. Both of
them, include key and
spring and use push-in
and twist mechanism.
It is commonly used in
Multi-mode fibre (MMF)
and single mode fibre
(SMF) fibre optical cable
(FOC).

Lucent connector (Little
connector)

It is a form factor FOC
which uses 1.25mm
ferrule.
It is used in small formfactor pluggable (SFP)
module
for
long
transmission signal.
There are three types of
LC named as:
•
•
•

Single mode LC APC
Single mode LC UPC
Multi-mode LC UPC

Fig. 1.1.16: Different types of fiber connectors

Coaxial Cable Connectors
Coaxial cables are used widely in audio, video, digital, RF and microwave industries. There
are varieties of connectors available for coaxial cables based on their application. Most
commonly used coaxial cable connectors are listed in the following figure:
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F-Connectors
•It is typically used in domestic connections for permanent connections.
•It can support GHz and cost effective.
•It is used on 75 ohms coaxial feeder for CATV and high power video
transmission.
Bayonet Neill-Concelman (BNC) connector
•It is the most common connector used for video applications, for
example professional audio, video and broadcasting .
•It is typically used for RG59/U cables, it can also be terminated with
RG6 and RG11.
Radio Corporation of America (RCA) Connectors
•It is used for transmitting audio and video signal.
•It can be installed quickly and easily because of its compression style.
•It is typically used on older televisions for composite/component video
and for professional audio.
HDMI
•It is a connector and cable that can transmit high-quality audio and
video streams of high-bandwidth between the devices.
•It is generally used in HDTV, DVD player, Projector or Blu-ray player.

Fig. 1.1.17: Different types of coaxial cable connectors

UTP Cable Connectors
Some of the UTP cable connectors are listed in the following figure:
Registered Jack-11 (RJ 11)
•It is used in connecting the telephone and modem by providing a
four or six wire connection.
•It can be connected to a phone connector, modem port, phone
jack or a phone line.
RJ 45
•It is 8 copper cable connector which is used in Ethernet networking
for LAN, WAN, cable modem, set top box (STB), Ethernet hub
connection.
•It looks alike a telephone jack, but is slightly wider than it.
Fig. 1.1.18: Different types of UTP cable connectors
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Amplifier
An amplifier is an electronic device which has the ability to increase the power of a timevarying voltage or current. The main function of amplifier is to enhance the quality of received
signal and reduce signal loss.
Amplifiers are used in broadcasting and wireless communications. Weak-signal amplifiers,
designed to deal with very small input signals (in some cases, only a few nanovolts), are used
primarily in wireless receivers. Power amplifiers are used in broadcast transmitters, wireless
transmitters and hi-fi audio equipment.
Output Ports
Amplifier can have different number of output ports with the same strength of signal. The
amplifier gets fixed amount of signal, which is distributed equally to all the output ports.
Hence, higher is the number of output ports, lower will be the signal quality. The following
image shows the signal strength varying with number of output port:

Fig. 1.1.19: Signal strength varying with number of output port

Return Path Capability
Amplifiers must have the ability to perform return path process. In telecommunication
networks an amplifier should be capable of transmitting the signal back to the cable network
for two-way communication. In two-way communication signals are sent back to cable
network in the 5 to 42 MHz range. This process is called return path.
Amplifier Gain
Amplifiers increase the amplitude of a signal by using electric power from a power supply.
The amount of amplification by an amplifier is represented as amplifier gain. It is the ratio of
output power, voltage or current, to the input. Ideally, an amplifier is a circuit with a power
gain, more than 1. The gain is expressed in dB:
• positive (+) dB shows boosted signal by amplifier
• negative (-) dB shows reduced signal by amplifier
For example, in 2-way output port amplifier signal is divided into 50%, in which it may cause
3.5dB signal loss. The following figure shows a typical 2-way RF amplifier in a circuit:
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Fig. 1.1.20: A typical 2-way RF amplifier in a circuit

In the above figure, the amplifier has three stages of amplification:
• Input stage
• Intermediate stage
• Output stage
The gain and slope at various level can be controlled by the plug-in attenuator and slope
control pad. The forward path and reverse path are depicted by red line and blue line. Reverse
signal is received at lower frequency 5 to 45 MHz via same cable after being bifurcated
through the diplexer. Plug-in attenuator and equalizer are used in the reverse path flow to
shape the output as per the desired value.
Power Inserter
A power inserter is a device used to feed power into an amplifier via various output ports.
Normally the output port is labelled as RF out/DC. It is used in cable TV and satellite TVs. It is
used to allow the unit to be powered remotely, if the distribution amplifier cannot be placed
near a power outlet. Normal power inserter requires jumper cable for implementation
support. But use of jumper cable can take up extra spaces and additional cable bends which
can reduce the performance and efficiency of power inserter device.
In most installations, power inserter is not used. The distribution amplifier can be plugged
into the wall outlet directly, if it is mounted nearby.
General Features of Power Inserter
Normally power inserters in India have following features:
•
•
•
•

They are aluminum casted with powder coating
They have stainless steel closure bolts.
They have good electromagnetic compatibility
Current passing limit: 60VAC and 15Amps
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The following image shows a power inserter:

Fig. 1.1.21: Power inserter

There are different types of power inserter are available in the market. They are differentiated
based on the pass band. Some of the power inserter available in the markets are as follows
• 750MHz power inserter
• 1 GHZ power inserter
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Exercise
1. Match the following:
1. Dish Antenna

Change the video format

2. LNBC

Connects multiple device

3. IRD

Nerves of distribution system

4. Transcoder

Parabolic reflector

5. Optical transmitter

Vital part of fibre optic communication

6. Switch

Placed at the front of the dish antenna

7. Cable

Base band signal recovery

2. See the picture and give the name of the connector.
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UNIT 1.3: Multi Play Digital Services
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

Explain Broadband Services
Describe DVB-C Standard
List the delivery Platform for Multi Play Services
Define DOCSIS over HFC Network
Define metro Ethernet Network
Describe GPON over FTTH

There are three basic multi play services which are explained in the following figure:
Data Services
•It allows subscribers to get connected to the Internet cloud to access,
downloads, uploads various information, multimedia, video, etc in the form
of internet packet data.
•Data services constitute of various data plans offering speeds above 512
kbps.
•Presently in our market place data rates of few Mbps to 100 Mbps are
commonly offered. Plans can be classified as limited (fixed usage of data in
GB) and unlimited (no limit on data usage).
Video Services
•The delivery of video services consists of Standard Definition (SD) and High
Definition (HD) channels, which are available in various Geostationary
satellites and have a footprint in Indian Subcontinent.
•The channels are of both of FTA (Free to Air) and Pay type. These services are
called Live TV services. Also Video services are customized to the subscribers
demand and content created and stored in the Servers. These services are
known as Video on Demand.
Voice Services
•The time of legacy telephone system and calling through circuit switched
network is getting obsolete slowly and IP telephone or Internet phone or
VoIP is short for Voice over Internet Protocol, which is used for calling via
internet.
•In recent times this VoIP and Internet phones are getting popular and even
cable TV providers offer bundles that include VoIP.
•This has got a siginificance because it reduce the telephone lines interuption
at work premises.
Fig. 1.3.1: Multi play services
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The following diagram shows how VoIP working process:

Fig. 1.3.2: VoIP working process

1.3.1 DVB-C Standard
Digital video broadcasting cable (DVB-C) refers a digital broadcast standard that uses cable as
the transmission medium. It is an open standard and has been devised by DVB organization
Europe. Now it is well accepted standard being used all over the World for Digital services
delivery through the Cable network.
According to the DVB C digital services are provided via access network using QAM
modulation. QAM is quadrature amplitude modulation and it is a form of modulation which
is widely used for modulating data signals onto a carrier used for radio communications. It is
widely used because it offers advantages over other forms of data modulation.
Generally The QAM channels are set in the UHF range starting from 300 MHz till 862 MHz.
The single analog channel Bandwidth is 8 MHz. One single QAM RF channel can cater 50 mbps
data rate in QAM 256 modulation. Hence the number of video live channels that can be
carried by one single RF channel of 8 MHz is 30 to 32 channels in SD format at a encoding rate
of 1.5 mbps and 12 channels in HD format at the encoding rate of 4 mbps average.
Other digital services like Voice over IP and data services, digital video on demand, can also
be accommodated in the QAM modulated RF channel.
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The following diagrams show the schematic diagram and block diagram of digital headend
system:

Fig. 1.3.3: Schematic diagram and block diagram of digital headend system
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1.3.2 Broadband Services
Nowadays, broadband network has a vital role in telecommunication network in India.
Broadband services are provided by various service providers such as telecom companies,
cable TV companies and internet service providers (ISP).
The Broadband services constitute mainly of data services. However, the same data services
could be combined with IPTV, digital video services, multimedia services and voice service to
constitute a Multi play service using the same Broadband access network.
Moreover, applications today belong to the over the top (OTT) nature. OTT is data service, in
which the packetized video is delivered through the IP network. MSOs, cable operators can
deliver this video service in the same access network without the requirement of a separate
delivery platform.
Computers get high speed internet connection to the web through access to the broadband
internet. To deliver high-speed internet there are several technologies such as DSL, fibre
optics, satellite and cable. Every technology provides a different access speeds. For instance,
cable internet can deliver up to 2 MBps downstream and 600 KBps upstream.
Upstream and Downstream
Data that a computer sends to the internet is known as upstream. It is also termed as upload
speed. Whenever an email is sent or a picture is posted on the internet, the computer uploads
the data. The uploading speed through a cable modem ranges between 400 and 600 KBps. It
shows the total bandwidth of data that a computer can send to the internet every second at
full speed.
Downstream is the data that a computer receives from the internet. It is also termed as
download speed. While downloading songs, videos or any data from the internet, the
download bandwidth of the computer is being used. The downloading speed via cable modem
ranges between 1 and 2 MBps.
Cable modem has asymmetrical speed because of different upstream and downstream
capabilities. Normally, downloading speed of the computer is faster than the uploading speed
for the same data.
Digital Subscriber Line (DSL)
DSL is a technology in which high-bandwindth data is transported over a telephone line that
is directly connected to the modem. It is used to transfer huge amount of data like video,
audio and multimedia infographics. It is also possible doing video and audio conferenecing
using DSL.
In India, high speed network connections has to compete with cable or broadband services.
DSL use the copper phone line and most of the service are asymmetric.
DSL services can be divided into symmetric and asymmetric based upon the customer
requirment; whether a large amount of streaming has to be done or just support is needed
for audio or video communications.
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Asymmetric DSL (ADSL)
Internet is used for uploading purpose much more than for downloading. Hence, bandwidth
required for uploading is higher than for downloading. In ADSL technology, increased network
bandwidth is provided for the purpose of downloading from computer service provider to the
user’s computer than for uploading.
ASDL reduce the bandwidth used in upstream and provide high bandwidth for downloading
from the internet service provider. This technology is commonly accepted in the home
internet users because they prefer thehigh bandwith for the downloading.
Some of the common forms of asymmetric DSL are listed in the following figure:

ADSL (Asymmetrical Digital Subscriber Line) - Has 8MBps
for downloading and 384 Kbps of uploading. This is for
supporting telephone and data service at the same time.

ASDL2+ - It has 20 Mbps download speed and 850 Kbps
uploading speed. This is limited for 1.5km from DSL port.

VSDL (Very high Bit-rate Digital Subscriber Line) - It is a
faster DSL service. This offers 52 Mbps downloading speed
and 2.3 Mbps uploading speed. It is limited for 1km from
DSL port.

Fig. 1.3.4: Asymmetric DSL

1.3.2 Delivery Platform for Multi Play Services
There are several technology platforms through which the multi play digital services can be
delivered. The following figure lists some of the technology platforms, currently deployed in
markets:
DOCSIS over HFC
Network

GPON over FTTH
Network

Metro Ethernet
Network

Fig. 1.3.5: Multi play services delivery platform
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1.3.3 DOCSIS over HFC Network
Data Over Cable Service Interface Specification (DOCSIS), is an international
telecommunications standard that enable delivery of Broadband service over Cable TV
networks. This technology is employed by the cable television operators for providing Internet
access over the existing hybrid fiber-coaxial (HFC) network infrastructure. A DOCSIS system
consists of a triple play architecture which can be used for delivering data, video and voice
services.
The following figure shows the DOCSIS platform using HFC network as access technology:

Fig. 1.3.6: DOCSIS platform using HFC network as access technology

DOCSIS platform consists of:
• A cable modem located at the customer premises
• A cable modem termination system (CMTS), located in cable head-end, that is comprised
of a set of devices, allowing high-speed Internet access to home computers.
The following figures shows the connections of Cable modem connection at customer’s
premise:

Fig. 1.3.7: Cable modem connection at customer’s premise
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CMTS sends and receives cable modem signals on a fiber and coaxial cable network. The
CMTS:
•
•
•

Receives upstream signals sent from a user's cable modem
Converts the signals into IP packets
Routes the signals to an Internet Service Provide for connection to the Internet

The CMTS also can send signals downstream to the user's cable modem. Cable modems
cannot communicate with each other directly. They communicate by channelling their signals
through the CMTS.
A typical CMTS is a device which hosts downstream and upstream ports. Data from the
headend system reaches the customer using downstream frequencies and the data from the
customers’ premises reach the headend using upstream frequencies. The two-way capability
in a network is provided by an HFC (Hybrid Fiber Coax) network. The following figure shows
CMTS and cable modem interconnection:

Fig. 1.3.8: CMTS and cable modem interconnection

One television channel is used for upstream signals from the cable modem to the CMTS, and
another channel is used for downstream signals from the CMTS to the cable modem. When a
CMTS receives signals from a cable modem, it converts these signals into Internet Protocol
(IP) packets, which are then sent to an IP router for transmission across the Internet.
The signal is delivered through the Fiber nodes followed by coaxial RF lines going to all over
the adjacent areas catering to the connectivity with proper signal level and the SNR for
running the services uninterruptedly.
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Important Parameters
Some of the important parameters in the DOCSIS platform are given in the following table:
CMTS Rx Input Power Requirements
including ingress and noise to the
upstream demodulator
Upstream frequency range
Downstream frequency range
Forward Signal Level to the modem
Reverse Signal Level from the modem
US PWR at Return Path Receiver (RPR)
DS power
US SNR
DS SNR

-4 dBmv up to 10 dBmV

5-65 MHz
113-862 MHz
55 to 65dBuV
40 to 46dBmV
-3 dBm
1+/-2 dBm
> 32 DB
> 42 DB

Fig. 1.3.9 (a): Parameters of DOCSIS platform

Fig. 1.3.9 (b): Data rates of DOCSIS platform

1.3.4 GPON over FTTH
GPON stands for gigabit passive optical network. It can be easily build on the FTTH network.
GPON is an optimal option for FTTH technology, as it provides most economical ways to
bandwidth-intensive applications and establishes a long-term strategic position in the
broadband market.
It offers reliable and strong architecture to provide triple play services to the users.
The GPON technology uses the following signals in the optical domain:
• Data Upstream (Consumer to Network Operating Center) – 1310 nm
• Data Downstream (Consumer to Network Operating Center) – 1490 nm
• Video Broadcast (Downstream) – 1550 nm
Some common feature of GPON network are listed in the following:
• It provides 2.5 GBps downstream speed and 1.25 GBps upstream speed.
• It supports long distance up to 20 km and the performance is not affected over distance.
• Standard based and equipment’s are easily available.
• Inherently secure wherein it is impossible for wiretapping, eavesdropping and other
hacking.

29

Participant Handbook

Advantages of GPON Network
•

The major advantage is that it supports many users via inexpensive passive optical
splitters.
• In this network 64 ONT can share one fibre connection to the OLT.
• Allow service providers to deliver more capacity to carry bandwidth-intensive
applications.
• Provide one of the most cost-effective ways for a service providers to deploy fibre.
• Provide a future proof mode of access as the speed of the broadband connection is limited
by the terminal equipment rather than the fibre itself.
• Future speed improvements can be achieved via equipment upgrades before any
upgrades on the fibre itself.
These advantages make the user to prefer fibre network by replacing copper network.

1.3.5 Metro Ethernet Network
It is an Ethernet network technology based metropolitan network. The common application
of this network is to connect broadband user and business for internet services. To
successfully attain scale and reliability in such implementation a structured approach using
switches and routers are used. This technology is used by the Telcos to provide data and MPLS
services. The following image represents the systematic diagram of metro Ethernet network
technology:
Core network

Video centre

10 G Ring

Metro network

Access network

10 G Ring

1G Ring

Internet
STB

TV

ADSL
Modem
DSLAM

Customer Premise

Fig. 1.3.10: Systematic diagram of metro Ethernet network technology
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1.3.6 Ethernet over Coax (EOC) Technology
It is a modern way of delivering the multi play services via coaxial network. Coaxial network
has been used for years due to CATV’s early invention. Large amount of money has been spent
on the network by operators. The IP video services have developed many fold and thus the
delivery platform. However, a major obstacle to their adoption for upgrading existing sites is
the necessity of new cabling. The cost of laying new Cat 5e cable for network devices can be
significant, and the cable length limitations of Ethernet can be restrictive.
EOC helps to overcome this problem, by re-using existing analogue cabling to make new
network connections. This can be achieved because similar analog cable that is existing in the
built network delivers digital data and video services faster compared to Ethernet cable.
Coaxial cable has increased bandwidth upto 1GHz frequency, with decreased noise and signal
loss. These features of coaxial cable enable it to carry more data for longer distances.
The major application of EOC is to utilize this available with connected home coaxial
infrastructure. EOC can offer up to 100Mbps in both connection concurrently even at the
higher distance such as 300 mts over single 75ohm coaxial cable.
Applications of EOC technology
EOC technology is used to deliver network connections in different coaxial cables in different
situations, such as:
• New extended cost effective network connections, when compared to optical fibre, CATV,
digital TV, OTT and IPTV services.
• Voice can be delivered using this technology.
• Simple and easy architecture.
• There is no need of special training or configuration knowledge to create connection.
• It is a direct point to point connectivity.
• It utilizes Master which is a distribution hub equipment. This takes video and internet
data as input from any fibre network and delivers coaxial output.
• When master and slave connected over coaxial cable, the connection created
automatically. There is no requirement of DIP switches.
• The network is automatic and IP and MAC address set up is not needed as the it is
transparent.
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Exercise
Fill in the blanks:
1.___________________refers a digital broadcast standard that uses cable as the transmission
medium.
2. The Broadband services constitute mainly of _________________
3. Data that a computer sends to the internet is known as ________________
4. DSL use the copper phone line and most of the service are________________
5. Expand DOCSIS: _____________________________
6. GPON is an optimal option for ______________ as it provides most economical ways to
bandwidth-intensive applications and establishes a long-term strategic position in the
broadband market.
7. ______________ is a modern way of delivering the multi play services via coaxial network.
8. In_______________ increased network bandwidth is provided for the purpose of
downloading from computer service provider to the user’s computer than for uploading.
9. _____________ is a technology in which high-bandwidth data is transported over a telephone
line that is directly connected to the modem.
10. ___________________ allows subscribers to get connected to the Internet cloud to access,
downloads, uploads various information, multimedia, video, etc in the form of internet packet
data.
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UNIT 1.4: Access Network Architecture
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.

Explain One-way coaxial network
Explain 2-way HFC network
Define PON
List the components of GPON network
Explain UTP copper wire Network Architecture
Define digital services through DSL network
Explain typical Metro Ethernet Network Architecture
Explain ports configuration of EoC Master

1.4.1 One way Coaxial Network Architecture
Both the Analog and Digital Paid TV services are available in the Headend and is delivered
through the One way Coaxial Cable network. In this type of network the video services are
broadcast from the headend directly to the customers home.
Generally 500 series Coaxial cable or low loss RG 11 cable are used as Trunk line. High gain RF
amplifiers are used as Trunk amplifier. The amplifiers are spaced at 300 to 320 mtrs apart if
500 series cable is used and 180 to 200 mtrs apart if RG 11 cable is used as trunk line. The
amplifiers are power pass and carry to 50 Hz 60 to 90 V ac power through the trunk and fed
to the next amplifier through the input connection. Splitters with >20 dB port to port Isolation
is used to divide the trunk line and bifurcate the feeder line. Tap off is used to provide the
connectivity to the customer. RG 6 or RG59 cable is used as drop cable from Tapoff port to
the Customer end.
Amplifier’s working frequency is generally 45 to 862 MHz. The trunk amplifier has a gain of 32
dB and can traverse till 200 mtrs of RG 11 cable as the loss of RG 11 per 100 mtr at 860 Mhz
is 13 dB. And it can traverse upto 300 mtrs in case of 500 series as the loss in 500 series is 9
dB per 100 mtr. Unity gain method is applied for the cascaded amplifiers. Unity gain is that
the gain of every amplifier in the cascading stages will compensate the loss incurred due to
the Cable loss. Slope control chip used to control the slope of the lower and higher
frequencies.
In the frequency range upto 300 MHz the FTA and must carry channels are tuned so that every
TV set is capable of tuning these channels. Paid channels are digitized and uses higher
frequency range above 300 MHz and transmitted through the cable using QAM modulation.
These niche channels are available only through the addressable system via a STB.
The Video in digital mode is encoded in MPEG2/MPEG4 format. Multiple channels like this
are then multiplexed and one TS output is created which is then Modulated using digital QAM
modulation in a particular UHF frequency band. One channel of 8MHz Bandwidth in UHF
range can modulate 12-14 channels in MPEG 2 encoding format. Hence the capacity of
carrying the Channels have been increased to many fold using digitization.
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The following figure shows the one-way coaxial network:
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Fig. 1.4.1: One-way coaxial network

1.4.2 Two-way HFC Network Architecture
The following figures show a typical HFC network:

0

Fig. 1.4.2 (a): 2-way HFC network
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Fig. 1.4.2 (b): Upstream signal levels at the HFC network

Signals originate in the home (1) and flow through the plant towards the headend. The signal
level in the plant is determined by the RF level produced by the transmitter at the house,
which is most often a cable modem.
After the signal leaves the cable modem, it goes through a variety of losses such as in-house
cable, splitters, ground block, drop cable, tap port, and feeder cable before reaching the
amplifier station port (3). All signals from the homes go through different amounts of loss,
but all of these signals should arrive at the amplifier port (3) at the same level. This is a key
premise of return path design. These variations require setting the transmitters in each cable
modem to its own unique level – the level that produces the desired signal level at the
amplifier.
Once the signals reach the amplifier, they continue on their way toward the headend. Every
span of cable between two amplifier stations must be aligned to unity gain so that the return
path gain of every amplifier station exactly matches the loss of the cable and passives
following it (i.e., the cable span towards the headend).
When the spans are all set to unity gain, the signal levels will be the same at every station.
Ultimately, the signals reach the node station (4). Because the amplifiers have been aligned
for unity gain, the signals at the node station port (4) are the same level as the signals at each
amplifier station port (3).
From the node station port, the signals continue on to the return path laser module (5). The
relative levels between the node station port and the input to the laser are adjusted by
selecting the proper gain or attenuation level in the node. The following figure shows the
adjusting of levels between the node station port and the input to the laser:
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Fig. 1.4.3: Adjusting of levels between the node station port and the input to the laser

After entering the return path laser module, the signals are then carried on fiber to the
headend or hub location where they are converted back to RF by a fiber optic receiver. This
RF signal is then fed to the demodulator for that particular service. For DOCSIS services, the
demodulator is the CMTS upstream input port.

1.4.3 FTTH network (OSP) Architecture
FTTH network is a fibre based access network. It connects users and enterprises to a central
point known as point of presence (POP). It is the most preferred option for providing data
services.
Passive Optical Network (PON)
PON is an access network that deploys optical fibres and optical splitters (Passive) to deliver
services to multiple subscribers. PON contains optical line termination (OLT) at the
communication provider’s end and a number of optical network units
(ONUs) at the user’s end. The term "passive" simply means that there are no power
requirements while the network is up and running.
Optical Line Terminal (OLT) is a central location of PON and individual destnations are called
as optical network units (ONU). Lines that terminate outside buildings are called fiber-to-theneighborhood (FTTN) or fiber-to-the-curb (FTTC). Lines that extend all the way to buildings
are called fiber-to-the-building (FTTB), or FTTH.
Passive optical network (PON) based FTTH access network is a point-to-multipoint, fiber to
the premises network architecture in which unpowered optical splitters are used to enable a
single optical fiber to serve multiple premises, typically 32–128. In addition, these networks
have the ability to provide all communication services viz. voice, data and video from one
network platform.
A PON takes advantage of wavelength division multiplexing (WDM), using one wavelength
for downstream traffic and another for upstream traffic on a single Non-zero dispersionshifted fiber.
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Benefits of PON
In early 2009 PON was used in corporate networks because it is cheaper, faster, less powe
consuming, easier to provision for voice, data and video, and can be managed easily. These
were created to connect homes for phone, internet and TV services. PON benefits are listed
in the following figure:
Operation cost is cheap
No elimination switches in network
Power is not required in network
It requires no recurring costs associated with a fabric ethernet switches
Upgrade and installation cost is very low.
Low netwrok energy cost.
Simple infrastructure
Single optic fibre cable is used.
Eliminates large copper cables
It provide high distance connection from data centre to desktop.
Low maintenance cost.
Use of fibre makes it stonger and durable.
Fig 1.4.5: PON benefits

GPON over FTTH Network
GPON enables FTTH deployments cost effectively resulting to promote the growth
worldwide. The FTTH access network contains five areas as given in the following image:
Core
network
area

User area

Distribution
area

Central
office area

Feeder
area

Fig 1.4.6: FTTH access network areas

The following image represents how the GPON OLT device deployed in a typical GPON
network delivers services to residential homes. Signals from the POP (central location) OLT
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transmits to the splitter, then the splitter spreads the signal to the GPON ONT, the GPON ONT
connects residential homes.
The components of GPON network are,
• Optical line terminal (OLT)
• Optical splitters
• Optical network terminal (ONT)
The following figure shows the GPON over FTTH network.
Service Source Central Office

PON Network

Customer

Distribu on Network premise

Video
Headend
FAT 1

Fiber distribu on
Spli er S1: 2:4

FAT 2

ONU

ONU

Internet
FAT 3

GPON OLT

ONU

FAT 4
ONU

OUTSIDE PLANT (OSP)

FATs ; Fiber Access
Terminus 1:16

Fig 1.4.7 GPON over FTTh Network

Optical Line Terminal (OLT)
It is the main element of the network and it positioned in the local exchange. It is the engine
that drives FTTH system. The major functions of OLT are:
1. Traffic scheduling
2. Buffer allocation
OLTs use DC power of -48 and has one line card for incoming internet, one system card for
configuration onboard and one or more GPON cards. Each GPON cards contains more that
one GPON ports.
Optical Splitters
It is used in splitting the power of signal. The signal is split into the number of fibres leaving
the splitter and there are more that three levels of fibres corresponding to two or more
levels of splitters. This function enable the data sharing by multiple users. Signal does not
get affected in its structure or properties due to splitting. The passive optical splitters has
following properties:
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Broad operating wavelength range
Insertion loss is low and uniform insertion.
Reduced dimensions
Increased reliability
High protection
Improved support network survivability
Fig 1.4.8: Properties of optical splitters

Optical Network Terminal (ONT)
These are deployed at the customer places. When it is connected to the OLT it denotes that
no active elements are present in the link.
In the GPON network ONT is the connection between the customer place to central office of
OLT.
ONT receives data at 1490nm and sends burst traffic at 1310nm. Analog video at 1550nm is
received. Media Access Controller (MAC) controls the uploading traffic in an orderly manner
and ensures that no collision occur at the junction due to upstream data transmission from
different homes.
There are fiber to copper media converters that offer RJ11, RJ45, and F-Series connectors to
connect the compatible device like Telephone set, STBs, Laptop etc.
The GPON FTTH access network architecture have tree topology to maximize the coverage
with minimum network splits, hence reducing optical power. GPON network structure is
explained in the following figure
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O/P port = 1x64 split

Spli er 1:2

S2
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Spli er 1:8
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ONU

ONU

ONU

S2
S3

ONU

ONU

ONU

ONU

ONU

GPON network Structure

Fig 1.4.9: GPON network structure

Depending on the total available optical power budget, the distance between the OLT and
ONT can be more than 20 km, which is a factor of the OLT laser port and the total loss
budget.
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1.4.4 UTP copper wire Network Architecture
Copper wire last mile delivery is strictly followed by the Telco players only, such as BSNL,
MTNL, Airtel, Idea, Reliance etc.
In the initial phase of telephone system copper wires were used for delivering voice serviecs
and now the same copper pair is used in delivering the multiplay services with the enhanced
bendwidth as per the requirment of digital services.
Hybrid model is used in delivering services. The core network is a fibre core network and the
access network is based on the various copper technology like DLC, DSL etc. DSL technology
has gained high preference due to its installation advantage and traffic handling capacity.
Tripleplay architecture contains service provider network, the core network, the access
network where end users reside and the equipment at the subscriber's home. A triple play
solution can distribute 150 - 350 TV channels over an IP network with voice over IP and highspeed Internet. Video, voice and data services can be sent from IP head-end using an IP core
network over an optical backbone network to central office (CO). The CO relies the data to
the access network (AN) in which Digital Subscriber Line Access Multiplexers (DSLAMs) will be
proposed to home`s services requirements.
Telecommunication market studies addreess that wide range of telecommunication networks
due to major business cases.
Asymmetrical Digital Subscriber Lines (ADSL), as an access technology over the existing
nonloaded copper loop plant, are intended to provide up to 8 Mbps downstream digital
transport from central office to customers and up to 640kbps upstream transmission. Such
an asymmetric transmission has potential usage in services like advanced videotext,
compressed TV quality video and distant education applications, where most of the
information goes from the service providers to the customers. The following figure shows the
digital services through the DSL network.

Any other
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L3 switch
Router

L3 switch

Area office

Router
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L3 switch
L3 switch

L3 switch
Vid
Headend
VoD server
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AAA Server
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ADSL
modem

STB

Laptop

TV
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Fig 1.4.10: Digital services through DSL network
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DSLAM
Most important and critical part of the Telco DSL network. Stands for "Digital Subscriber Line
Access Multiplexer." A DSLAM is a device used to aggregate and route
incoming DSL connections to the Internet. Since a "multiplexer" combines multiple signals
from various DSL modems into one, a DSLAM combines a group of subscribers' connections
into one aggregate Internet connection.
For example, a DSL access multiplier may receive signals from all the DSL modems in a certain
neighbourhood and patch them through to the Internet backbone. The DSLAM processes
each incoming connection and may limit the bandwidth of certain DSL lines. Most DSL service
providers use multiple DSLAMs to help route incoming and outgoing traffic in the most
efficient way possible.
BRAS
The "BRAS" is a Broadband Remote Access Server router that forwards packets between the
core network and last mile subscriber. It is a complex router that implements dynamic persubscriber IP policies, based on preassigned time frame, Quality of Service (QoS) profiles, rate
limiters, packet manipulation, address assignment, session termination and forwarding.
Centre Offices (CO)
The CO router relies the data to the access network (AN) which consists of digital subscriber
line access multiplexers (DSLAMs) and broadband digital loop carriers (DLCs). There it has the
so-called last mile distribution of the service (i.e. video, voice or data) which afterwards enters
the subscriber’s home through the ADSL modem. Central Office router and Remote DSLAMs
at the region subnet are supplied with Gigabit Ethernet links

1.4.5 Metro Ethernet Network Architecture
Metro Ethernet is an Ethernet transport network that provides point-to-point or multipoint
connectivity services over a metropolitan area network (MAN). Ethernet originated as a LAN
technology, and became a replacement for low-speed WAN technologies.
DSLAM are aggregated by Aggregation Switches also called (metro Ethernet network). A
metro Ethernet network is useful when a switched layer between the DSLAM at Region subnet
and the CO router in Aggregation subnet provides cost-effective aggregation capacity. Such a
scenario would arise if the bandwidth utilization per-DSL-port is not enough to justify
connecting DSLAMs directly to the CO. This benefit needs to
be weighed against the expected traffic loads to and from DSLAMs.
Access Network (AN)
Access Network (Region Subnet) This network shows an example for the delivery of MultiPlay services (Data, Voice and Video, multimedia( over Asymmetric Digital Subscriber Line
(ADSL) with data rate (downstream 12Mpbs/ upstream 1.3Mpbs). It simulates end-to-end
communications between residential customers and backbone network.
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Typical metro ethernet network architecture is given in the following figure:
Core network
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Fig 1.4.11 : Typical Metro Ethernet Network Architecture

1.4.6 Ethernet Over Coaxial cable (OSP) Architecture
Ethernet over Coaxial cable network is a recent invention. As it is welknown fact that the
coaxial cable is a very famous and important medium of delivering video services. This coaxial
network is also readily aavailable with a minor to major Cable operator. EOC is a device which
can utilize the existing coax network for delivering its services.
At the backhaul of the Master equipment the Video and data services are fed in. The services
can be made available through a CMTS, OLT or ONU to the Master via an optical cable. The
output of the Master is the coaxial output with mixed Video and data services. The following
figure shows the ports configuration of EoC master.

Fig 1.4.12 : Ports configuration of EoC Master

The output being coaxial, Coaxial cable network can be directly connected to the Master
Output. The output can be carried upto 500 mtrs of length without adding any more active
device. Thus it provides a better signal to noise ration.
The normal 1 GHz Tapoff or splitters are used to provide the connectivity to the households.
The connection can be given through a EOC Slave unit which works as a modem in this case
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Spli er

and again provide Ethernet output thru RJ45 connection. The connection is given to the STB
for video decoding and to the Laptop or desktop for Data.
From one Master outport port 50 Slaves can be connected. Hence a 8 port Master alone can
cater for 400 customers. This is a very simple mechanism and there is no configuration
required. Direct connectivity to the coax network will start delivering the signal. EOC is a cost
effective, highly available, and easy to install and maintenance solution. A network
architecture is shown below:

Inter
net

Coax
NW
EoC Master

OLT
Spli er

Vid Headend

STB

Data In

Coax Out

Video In

Coax
NW

EoC Slave
Spli er

EoC Master

Typical EoC Network

Fig 1.4.13: Typical EoC network
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Exercise
Write 50 to 100 words about the following topics.
1. What is PON and give two advantage of PON.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
2. Write the components of GPON network.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
3. Write major function of OLT.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
4. Write 3 properties of optical splitters.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
5. Define BRAS.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
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2. Building Access
Network and Installation
UNIT 2.1: Tools and Equipment
UNIT 2.2: Building Access Network for
DOCSIS
UNIT 2.3: Building OSP of Fibre Access
Network
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Key Learning Outcomes
At the end of this module, you will be able to:
1. List the tools and devices at work
2. Explain Cable laying procedure
3. Explain STB installation and configuration
4. Define splicing and its types
5. Explain OSP network
6. Explain the network architecture
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UNIT 2.1: Tools and Equipment
Unit Objectives
At the end of this unit, you will be able to:
1. List the tools and equipment used for installation
2. List the tools used for setting up connection
3. List the tools required for maintenance of RF network (coaxial) / Ethernet Network / Fibre
cables

2.1.1 Tools and Testers
It is very important to select the tools and tester during installation to improve the efficiency
of work. A digital cable technician should carry all the required tools and tester along with
him at the time of installation. There should be no lack or alternative of tool. It is must to
have following tools for every digital cable technician at the time of installation.
Tool Name

Function

Screw Driver- Star
headed

For screwing
purpose

Screw Driver- flat
headed

For screwing
purpose

Line Tester

Pliers

Image

Helps to check the
electricity. Light lit
up at the presence
of electric field.

Used to grip any
objects
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Wire stripper

Helps to strip the
wire insulation part

Wire cutter

Helps to cut the
wire

Utility Knife

Helps in cutting wire
or other materials at
the time of
installation

Coaxial cable
compression tool

It helps in F-type
connection. It helps
installers with a
multi-functional
high strength
reliable method for
compressing
connectors.

Ethernet crimping
tool

Used to prepare the
Telephone connect
jack RJ11 or
Ethernet connection
by RJ45

Coaxial crimping
tool

Helps to connect
cable by crimping
method.

Fibre Optic Kevlar
cutter

Helps to cut Kevlar
Fibre optic cables.

Fibre Optic Loose
tube cutter

Helps to clean cut
the loose tubes of
Fibre optic cable.
And also used to cut
the PVC jackets of
the Fibre.
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Fibre Optic Stripper

Helps to separate
the primary coating
on the optical Fibre.

Fibre Optic Cleaver

Helps to cut the
glass optical Fibre in
a perpendicular
direction.

Fibre optic jacket
remover

Helps in removing
protective coatings,
jackets.

Digital Multi meter

Helps to measure
Voltage, Current,
Resistance and
continuity of any
circuit or
equipment.

CATV Signal Level
meters

Helps in Cable TV
coaxial networks, to
measure the signals.

Digital CATV QAM
meters

Helps to measure
the QAM channel
signal level and also
used to balance the
network for forward
and reverse path.

Splicing Machine

Helps to join
two optical
Fibres end-to-end
using heat. The goal
is to fuse the two
Fibres together for a
negligible loss.
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OTDR (Optical Time
domain
Reflectometer)

Used to ascertain
the overall health of
the Fibre, continuity
and losses if any.
The OTDR uses a
light pulse and
sends it to the Fibre
under test. It
receives the
backscattered light
and interprets the
result in graphical
form

Optical Power Meter

An optical power
meter measures the
power of an optical
signal at various
wavelengths such as
850nm, 980nm,
1300nm, 1310nm,
1490nm, 1550nm,
1625nm

Optical Laser Source

Light source is laser
diode or LED is used
to inject an optical
signal into Fibre to
test the
performance of a
Fibre optic system.

Visual Fault Locator

Visual Fault locators
are used in Fibre
optic cable
testing. These
testers use red LED
light and inject the
same at one end of
the Fibre. The other
end of the OFC is
visually observed to
identify the Fibre

Spectrum Analyser

Used to measure
and analyse various
RF parameters like
Noise level.

Fig 2.1.1 Tools and testers
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2.1.2 Tools used in Testing and Troubleshooting
Test Equipment for OFC Network
OTDR:
OTDR stands for optical time domain reflectometer. This is used to check the fibre quality,
loss and continuity. This send the light pulse to the fibre which is used under the test. Once
the light backscattered it display the result in the graphic form.

.
Fig 2.1.2 OTDR

Optical Power Meter:
It is used to measure the optical signal. This can measure the wavelength such as 850nm to
1625nm.

Fig 2.1.3 Optical power meter

Optical Loss Test Set (OLTS):
This is a device which is used to measure the loss of the two ends of link. It contains the light
source at the end of link and power source at the other end of link. It can measure insertion
loss and optical return loss.
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Fig 2.1.4 Optical loss test set

Visual Fault Locater:
It is used in fibre optic cable testing. It contains the red LED light which is injected into the
end of fibre. Other end of fibre is observed visually to identify the fibre. It comes in different
shape and LED source.

Fig 2.1.5 Visual fault locator

Optical Microscope:
It is also known as fibre viewer or fibre microscope. It is a hand held device. This helps to
inspect the connectors and it ensure that fibre terminations are clean and smooth.

Fig 2.1.6 Optical microscope
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Test Equipment for RF Network
The test equipment used in the RF network are listed in the following:
Satellite signal Level meter:
It is used to measure the IF output of C-Band dish antenna signals. It helps in tuning and
maintenance of dish antennas. The frequency range of these signal level meter is 900 MHz to
2150 Mhz which is also known as “L” band frequency.

Fig 2.1.7 Satellite signal level meter

Signal Level meters:
It is used in Cable TV coxial networks. It is also referred as Field Strength Meter (FSM). The
signal level meters are capable of measuring the signals in the forward path (48 MHz to 860
MHz). Some devices are also capable of measuring the signals in the reverse path (0 to 40
MHz).

Fig 2.1.8 Signal level meters

Digital CATV QAM meters:
The digital QAM meters measures the digitally modulated CATV frequencies. Normally the
digitally modulated signals are of QAM type. This device measures the signal level and also
the BER (Bit Error Ratio) and MER (Modulation Error Ratio). The device can also plot the
constellation diagram for a visual understanding.

Fig 2.1.9 Digital CATV QAM metre
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Return Path Signal Generator:
This device is used to tune the return path coaxial network. The device is connected at the
end of the trunk line and generates the required RF which is measured with a signal level
meter at any point in the network.

Fig 2.1.10:Return path signal generator

Tools required for maintenance of RF network (coaxial) / Ethernet Network / Fibre cables:
The following are the tools that are commonly used during RF, Ethernet and fibre cable
troubleshooting.
Coaxial cable compression tool (for RG-6 and RG-11)
This tool is used to connectorise RG-6 and RG-11 cables. The proper connector is required
with the tool.

Fig 2.1.11 Coaxial cable compression tool

Coaxial cable stripper:
This tool is used to remove the outer PVC sheath of the coaxial cable. It comes fitted with
multiple blades to accommodate various cable sizes.

Fig 2.1.12 Coaxial cable stripper
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Ethernet crimping tool:
This tool is used for connecting CAT5 and similar cables. For CAT5 cables RJ45 connectors are
used.

Fig 2.1.13 Ethernet crimping tool

Network cable tester:
This tool is used to check the correct connectivity of CAT5 and other similar cables. It is used
as a remote -master pair with one end being connected with the master and the far end being
connected with the remote.

Fig 2.1.14 Network cable tester

Fibre Optic Kevlar cutter:
This tool is used to cut kevlar strength members (aramid yarns) in fibre optic cables.

Fig 2.1.15 Fibre optic Kevlar cutter

Fibre Optic Loose tube cutter:
This tool is used to clean cut the loose tubes (made of PBT) in a fibre optic cable. It is also used
to cut the PVC jackets of the patchchords and pigtails. The may have multiple blades which
may be adjusted as per requirement.

Fig 2.1.16 Fibre optic loose tube cutter
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Fibre Optic Stripper (250mm):
This tool is used to separate the 250 micrometre primary coating on the optical fibre.

Fig 2.1.17 Fibre optic stripper

Fibre Optic Stripper (900 mm):
This tool is used to separate the 900 micrometre of tight buffer coating on the optical fibre
inside the patch chords and pigtails.

Fig 2.1.18 Fibre optic stripper

Fibre Optic Cleaver:
The fibre optic cleaver is used to cut the glass optical fibre in a perpendicular direction.

Fig 2.1.18: Optic cleaver
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Exercise
Write the functions of following image:
Image

Function
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UNIT 2.2: Building Access Network for DOCSIS
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.

List the cable laying procedure
Define powering of the nodes
Explain coaxial network tuning and balancing
Define reverse path tuning
Explain balancing of network using the test modem
List the ways of DOCSIS modem connection
Explain installation of cable modem
Explain configuration activities for ONU
List the important parameters

DOCSIS over HFC network has the main central office, connected through an optical fiber ring,
covering a geographic region. There are multiple hubs at different CMTS locations, under the
primary ring of fiber, catering to the specific areas. The areas are subdivided into multiple sub
areas, which are catered by optical nodes by taking light signal as an input and providing RF
output. The RF output is distributed among all the households of that area using the coaxial
cable TV network. The following figure shows the structure of DOCSIS delivery platform:

Fig. 2.2.1: Structure of DOCSIS delivery platform
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For building the access network for DOCSIS, the steps listed in the following figure, should
be followed:

Laying of
Trunk
cables

Installation
of Active and
passive
components

Tuning
and
balancing
of
network

Installation
of STB

Installation
of Cable
Modem

Installation
of ONU

Fig. 2.2.2: Building the access network for DOCSIS

2.2.1 Cable Laying Procedure
A DCT should know about cable laying procedures for the delivery platforms. For DOCSIS RG
11 coaxial cable is being used as trunk line at space of 170 to 200 meters apart and total
number of cascading done in one trunk is 3. This cable is supplied in wooden drum containing
approximately 300 meters of RG 11 per drum. The RG11 cable is a low loss and a preferred
medium to convey the digital video signals. Selection of space of amplifier should be based
on the cable loss and the Gain of Amplifier. The loss chart is shown in the following table:

Fig. 2.2.3: Loss chart

Node output is divided into 4 trunk lines. Each Trunk line has 3 RF amplifiers in cascade
covering a length of 600 meters one way. Thus, total number of RF amplifiers used in the
overall coaxial network are 12.
One amplifier serves for 40 connections and hence the node covers approximately 500
connectivity in a specific area. One line card of CMTS can cater to 8 to 10 nodes within 20 Km
range given the Optical power output from the Transmitter. Once one node serves to 500
users, total number of user that can be served by one CMTS line card is around 5000.
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The following figure lists the of procedure of cable laying in the trunk lines:
Make a plan for laying cables for single way or two way with reverse path as per the
planned route provided by the supervisor or Area LCO.
Select the cable which will be used as a trunk. There are various types of Coaxial cables
types such as flexible co-axial, armored coaxial, 500 series cable and so on.
Before laying the cable, compute the height and length of the pole or tree and design all
logistics like messenger wire, clipping wire, Ladder, Belt, Shoe etc.
Make list of requirement of all the network related equipment and materials known as Bill
of Material (BoM) and get the materials at working site.
Examine the line for electricity using a line tester, as there may be metallic poles electric
power line where the cable to be laid.
Make sure to lay the cables on a low tension line, particularly, 220 V 50 Hz line.

Use messenger wires to support trunk line cables without crushing the cable.
Use clipping wire to clip the cables at a distance of 1 meter throughout the trunk/subtrunk line.
Keep the cables in such a way that, it is away from heating vents and water heaters.

Keep minimum 12-16 feet height for trunks.
Carry out laying of cables as per the planned route like from pole to by climbing up the
ladder safely.
Follow all the safety procedure when working on electric poles. Carry safety equipment
like helmet, goggles, shoes and safety belt.
Create a loop of 3-5 meters cable on every pole after 80 meter.
Do not bend the cable less than three inch to avoid shorts, cable impedence and signal
loss.
Keep proper fitting of the enclosure box for housing.
Design the enclosure of actives and passives in such a way that the entry and exit points
are at the bottom. Provide proper rain protection if it is on side.
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Create a small cable drip loop at the input and output of the amplifier to avoid water entry to
the amplifier.
Examine the box have provision for locking and test proper connection is established by using
standard connecters.
Connect the trunk cables, input and output of the amplifiers and install passives (Tap
off/Splitters) as per the planned diagram.
Fig. 2.2.4: Cable laying procedure

For connection purpose compression connectors are used. Insertion loss in these connectors
are less than 1dB. Special compression tool is used for perfect connection.
All the amplifiers kept on the electric poles, need to be secured keeping inside a box properly
clamped with the pole keeping the nuts inside and locked by an inbuild locking system. Antistatic bedding should be used in between the metal poles and the metallic amplifier box.
Design Criteria
The following design criteria should be used when laying the cables.
Cascade = 1 node + 3 amplifiers.
4th amplifier can be added at special cases. The following diagram shows the example of N+3
and N+4 architecture.

Fig 2.2.5 Designing criteria

2.2.2 Powering of the Nodes
Node powering is a serious issue because the performance of total network and the user
experience directly depend on the node function. Hence the node need to be powered with
an UPS or inverter to provide continuous operation. Typical power supply of node input power
is 60 V to 90 V AC with 50 Hz frequency. A step-down transformer is used to feed the supply
to the node and the transformer is fed with the Inverter or UPS backup so that it is providing
power continuously. The following points for powering the node should be considered:
• If possible, power supplies and inserters should be located at the node.
• RG11 extension cable can be used if the power supply cannot be placed at the node, but
it is limited for 80 meters length.
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•

An inverter needs to be used within a distance of 80 meter from node to provide seamless
switching between the storage power supply and the active PS and. This location of the
inverter should be accessible on 24/7 basis, for maintenance staff.
• To attain low frequency noise there should be a proper earthing to earth the powering
equipment.
The following diagram represents the systematic flow of powering node:

Power
Inserter
RF Signal

Coax with power
and signal

Power
Inverter

Step down
Transformer

Node

Fig. 2.2.6 Powering node

Node Switching
The steps for node switching are as follows:

Node is powered
from the installed
inverter and
power indication
glows in the node.

Optical signal is
transmitted from
the CMTS, to the
Fibre to the node.

Input optical
power to the
node, coming
from the CMTS
rack is measured
using an optical
power meter. The
reading should be
+/- 0 dBm.

Fig. 2.2.7: Node switching

2.2.3 Tuning and Balancing Network
Coaxial Network Tuning and Balancing
Output of the node which is RF in the range of 112 to 862 MHz multiplexed with data and
video services and uses QAM 64/256 modulation. RF amplifiers should be tuned depending
on the forward frequency range being used for the digital transaction purpose.
The frequencies used for digital carrier are in the ultra-high frequency (UHF) range that is
within 300 MHz to 862 MHz, keeping 112 MHz as the low frequency reference point for
tuning.
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The reverse spectrum is 5 to 65 MHZ but the center frequency at which the reverse signal
level calculated is 30 MHz.
The input here is direct conversion of light to RF. The RF output level should be Lower
frequency at 92-93 dBuV and the highest frequency output level should be 104 to 106 dBuV.
The RF level is measured using a Signal Level meter (DB Meter) or by a QAM analyzer.
The reverse input at the node should be 72-75 dBuV. All these measurements will be done
on the attenuated input and o/p port in the Amps. So, 20 dB attenuation should be calculated.
Reverse Path Tuning
The steps are as follow:
1. The reverse signal is changed to light and sent to the CMTS through Fibre. Splicing
technician should go to the CMTS NOC and take the output reading of the optical reverse
signal and should be +/- 0 dBm.
2. The Fibre carrying the input and output from to the node should be tagged with the RPR
Tx. Tag.
3. By this forward and reverse signal balancing of the node is completed.
4. Reverse signal is simulated through a signal generator. The frequency at which the signal
is generated is 30 MHz. The fixed RF level at the Gen out is 90 dBuV.
5. The Required input level should be 72 dBuV.
6. The gen out should be adjusted to 72 dBuV by using the required attenuation stages.
7. The input read at the Input port should be 52 dBuV.
8. Now the same level should be achieved at the node RF reverse input port.
Balancing of Network Using Test Modem
The steps to balance the network using test modem are as follow:
• The modem requires 60dBuV signal level to get locked condition. Signal generator signal
level is adjusted to 60 dBuV by adding 60 meters of cable loss.
• This signal level is fed to the modem and modem gets locked. There are two indicators
used to confirm whether modem is locked. After this DCT should call on the central NOC.
• Technician should confirm the MAC id of the modem to the Central NOC person and
confirms the address and location of the Amplifier for which the balancing is being done.
• The NOC engineer gets the info of the modem once the modem with same MAC id is
registered in the CMTS NR (Network Register).
• NOC engineer confirms the Upstream power and SNR and Downstream power and SNR.
The values should be:
o Upstream power: 45DBm
o Downstream power: 1+/-2 dBm
o Upstream SNR: 32 to 46 DB
o Downstream SNR: >42 dB
• NOC engineer confirms the loss given in RF line till modem. And thus, the balancing for
one Amplifier is completed. And same process is followed for all other amplifiers.
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2.2.4 Installation of CPE for HFC Network
The following figure lists the general procedure to install a Set Top Box (STB) at the customers’
premises:

Ensure that a signal level of 60
– 70 dB micro volt reaches the
STB for all frequencies that is
from the lowest to the highest
frequencies.

Proper connection using
standard compression or
crimping connectors is to be
done on the RG-6 cable
connecting the tuner of the
STB.

Output of STB in terms of
composite, component or
digital HDMI is selected based
on the type of TV video input
and connected accordingly.

Most STBs tune automatically,
when it receive the input
signal and is switched on. If it
is not available the Home TS is
configured by using the correct
frequency, symbol rate and
QAM Modulation type.

The signal should be
connected to the STB and the
signal level and quality option
in the menu to be checked and
verified for proper levels.

Activation of the user package
is to be initiated through the
back office of the service
provider with the choice of
package by the customer.

STB should be connected to
the signal and kept “ON”
during the activation process.
Once the activation is done all
services of the package should
be checked.
Fig. 2.2.8: Installing a Set Top Box (STB)
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The following diagram represents the scenario when both STB and the DOCSIS modem is
present at the home:

STB

Main services
Video + Data

TV

Feeder cable RG11
2 way spli er

WiFi Cable modem

Fig 2.2.9: Connection of DOCSIS with both modem and STB

2.2.5 Installation of Cable Modem
The following steps are followed for the installation of DOCSIS modem at the customers
premises
• Splitter is user to divide the signals for both modem and STB.
• If STB is unavailable the RF signal is directly connected to the cable modem input port.
• Connect the PC by using a USB port and a proper data cable or via WAN. It should be
remembered that PC is not connected to both the ports simultaneously. Connecting two
separate PCs, at the same time, to the cable modem can be done by:
o Connecting one PC to the Ethernet port
o The other PC to the USB port
• Insert the AC power cord on the back of the cable modem, into the POWER connector
and thereafter plug the cord in an available AC power source.
• Allow some time to get the modem power established and get connected to the CMTS. A
green indication will come up.
• Check all the parameters like US level and SNR and DS level and SNR. Record it.
• Setup the cable modem to configure the Internet devices (PC or any Wifi device) for
Internet access.
• The configuration may be carried out by TCP/IP method or may be carried by the USB
driver. This process will be dependent on the particular model and the service provider.

2.2.6 Configuration Activities for ONU (Optical Network Unit)
in GPON installation
It is important to check the level of optical power at the input. It will provide a satisfactory
performance in power level within the range from -12 dBm to -20 dBm. The data sheet of the
ONU clearly specifies the maximum and the minimum optical power levels. The goal should
be to present the power level which is in the middle of maximum and the minimum levels.
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The following table shows the LED indications for ONT / ONU:
PWR

OPTICAL INPUT

LINK

ETH / LAN

WIFI

•
•
•
•
•
•
•
•
•
•
•
•
•

On: The power of the ONU is on
Off: There is power supplied to ONU
On: Normal optical power
Blinking: Lower optical power than that of the receiver
Off: Abnormal optical link
On: Registration to OLT is successfully done
Blinking: Registering to OLT is in progress
Off: Registration to OLT failed
On: Normal Ethernet connection
Blinking: Data is being sent over Ethernet port
Off: No Ethernet connection
Blinking: Data is being sent
Off： WLAN function is disabled

Fig 2.2.10: LED indications

Note: LED indications may vary with different make and models
The following activities are accomplished thereafter:
• The ONT or ONU may work either in the bridge mode or in the router mode:
o In bridge mode, the ONU connects the Ethernet port (LAN port) to the PC directly
o In router mode, a WAN port is required. All LAN ports of the ONU connects to the
WAN port.
• Registration of ONT or ONU is done after the ONU is connected to the optical power. The
commands to register them, is given through the NMS at the NOC end. ONU interface
commands are used from the NMS to configure the speed limits allowed at the user end.
• ONU is assigned the VLAN through remote management configuration and then is
connected to the PC and tested for connectivity (ping command to OLT IP address).
• The following configuration set of commands are used from the NMS for configuration of
security:
o Loop Detection: For preventing flooding of ports due to unnecessary looping of ports
o Broadcast Limit configuration: To limit Broadcast traffic
o Multicast configuration: To configure multicast traffic
o ARP flood limit configuration
o ACL configuration: To block certain IPs
• The following maintenance commands can be used from the NMS to get status of all ONU:
o Check ONU optical power
o Show MAC address of ONU
o Show ONU status
Some Important Parameters
CNR for various modulation schemes to achieve 1.0E-8 (1x10-8) BER are listed in the following
table:
Modulation Type Required
CNR Required
BPSK

12 dB
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QPSK

15 dB

16-QAM

22 dB

64-QAM

28 dB

QAM 256

34 dB

Signal Level

Forward:
Downstream
Signal

Minimum Input @ all
frequencies
Dual Output (reduced by
3.5dB)

71dBµV
•
•
•

Reverse:
Upstream Signal

Minimum Input at
reverse amp @ all
frequencies
Output @ 5MHz
Output @ 65MHz
Optical power at Node
Optical Power at RPR
Loss in RG 11 Coaxial
cable at 1GHz per 100
mtr
RG-11 cable Minimum
bend radius (Cabling)
Forward Signal Level
to the modem
Reverse Signal Level
From Cable modem
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Output at 1GHz = 106.5dBµV
Output @ 550MHz =
99.6dBµV
Output at 87MHz = 92.5dBµV

76dBµV

96dBµ
96dBµV
+/- 1 dB
> -3 dBm
20 dB

114 mm (4.5")
55 to 65dBuV (Downstream)
41 to 46dBmV (Upstream)
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Exercise
Write the following in 50-100 words.
1. Write about the powering a node procedure.

2. Write about reverse path tuning.

3. Write the procedure involved in balancing network using test modem.

4. Write about the cable modem installation.

5. Write about cable laying procedure.
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UNIT 2.3: Building OSP of Fibre Access Network
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

List the components of outside plant (OSP)
Explain open trenching
Define aerial cable installation
List the significance of splicing
Explain the mechanical splicing procedure
Explain mechanical splicing -assembly
List the fusion splicing requirements
Explain splicing preparation
Explain the method of Fusion splicing
List the accessories used in fibre network

2.3.1 Introduction
Fibre optics used in telecommunication, cable TV are laid outside the building. These fibres
are hanged on the poles or buried underground. These fibres are laid from short distance like
few 100 meters to long distance like 100 kilometers.
OSP utilize the single mode fibre. The fibre number differ and it can be very high. In Indian
markets the number of fibres up to 96 is used. Long distance cables are designed in a way to
overcome moisture and rodent damage. The components of OSP are listed in the following
figure:
Optical Fiber
Cables

Splicing Enclosures
or Joint Enclosure.

Termination Joint
Boxes

Fiber patch plnel

Street Cabinets
(Fiber Access
Terminus)

Patch chords and
Pigtails

Connectors

Optical Splitter

Optical couplers

Fig 2.3.1: Components of OSP

Accessories Used in Fibre Network
Fibre Management System (FMS)
FMS is the basic component of the optical distribution frame (ODF), located in central offices,
regional hub offices and customer premises. It is designed to provide cross-connect and
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interconnect between incoming Fibre cables and Fibre optic equipment. These systems are
capable of handling large volumes of Fibre in a consistent and structured manner. The
following image shows an FMS:

Fig 2.3.2: FMS

Fibre Access Terminus (FAT)
The FAT box is designed to splice and interconnect Fibre optic cables and managed inside the
tray. It is very suitable for FTTH applications in multi dwelling buildings for providing multiple
Fibre to the home connections. The FAT is wall mountable, very easy to install and maintain.
FAT also used for Fibre distribution that allows straight through application with taking out
only the required Fibres dedicated for the particular area, while the other Fibres from the
distribution cable continue without interruption through the box. The following image shows
an FAT:

Fig 2.3.3: FAT

Joint Closure (JC)
Fibre optic splice closure is a device to offer room to fuse splice optical Fibre and also to give
protections for the fused fibre joint point and the Fibre cables. There are different optic splice
closures for different applications, such as aerial, duct Fibre cables and direct buried.
Generally, Fibre optic splice closures are used outdoors, some even used underwater.
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The following image shows a joint closure:

Fig 2.3.4: Joint closure

Optical Coupler
A Fibre optic coupler is an optical device which connects one or more Fibre ends for
transmission of light waves in multiple paths. It can combine two or more inputs into a single
output and can divide a single input into two or more outputs. The signal can be more
attenuated using coupler when compared to a splice or connector, as the input signal can be
divided amongst the output ports.

Fig 2.3.5: Coupler

Optical Splitter
It is a device that splits the light wavelength into several parts by a certain ratio. The simplest
couplers are Fibre optic splitters. Mostly used in PON for splitting point to multi point
functions. These devices have at least three ports to 64 port. Two kinds of Fibre splitters are
most used as listed as following:
1. One is the traditional fused type Fibre optic splitter FBT splitter, which features
competitive prices.
2. Another is PLC Fibre optic splitter, which is of compact size and suit for density
applications.
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The following image shows an optical splitter:

Fig 2.3.6: Splitter

Patch Cord
It is a f cable capped at either end with connectors that allow rapid and convenient
connection to any optical devices such as optical transmitter, an optical switch etc. It is used
as a reference cable to take reading or to measure optical power, Loss test, Fibre trace etc.
Various connectors are used like ST, LC, FC, SC, mechanical transfer registered Jack (MT-RJ),
Multi-fiber Push On (MPO), MU, SMA (SubMiniature version A), based on the equipment
interface connectors. The following image shows a set of patch cords:

Fig 2.3.7: Patch cord

2.3.2 GPON Network OSP Design and Implementation
A digital cable technician should have the knowledge of a GPON OSP design to build and
install the network. To implement the network the steps in the following figure need to be
followed:
Map work for
placement of
OLT and optical
splitters

Optical link
budgeting for
GPON network

Overhead fiber
laying

Splicing

Fig 2.3.8: Steps to implement a GPON OSP
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2.3.3 Placement of OLT and Optical Splitters
The first step is to map work for placement of OLT and optical splitters and the procedure is
given in the following:
• It is important to get the area map when implementation of GPON is needed. For
instance, if the area with 2000 homes need to be covered. On the map the number of
household on each building is marked out to get the actual number of home passes.
• The entire area is divided into 8 parts so that each is catered by one port of the OLT. Based
on the suitability to make a junction point the S1 splitter is placed in the area served by
each of the OLT port and under the splitter S1 for each area there will be 2 number of S2
splitters and 2 number of S3 splitters under each S2 splitters. Total splits 1:64. These
should be marked suitably as shown in the following figure:

OLT

Spli er

S1

1 : 8 split

1 : 64 Split PON network
1 : 2 split

1 : 4 split

Spli er
S3

Spli er
S2

Spli er
S2

Spli er
S3

1 : 2 split

Spli er
S3

Spli er
S3

1 : 4 split

Fig 2.3.9: Design of the placement of the splitter and OLT

2.3.4 Optical Link Budgeting for GPON Network
The OLT and the ONU each contains on transmitter and receiver. The transmitter used at both
OLT and ONU are of comparable power levels. The Receiving power levels sensitivity may be
different at the OLT and ONU. The Receiver sensitivity is the minimum power required by the
receiver to perform satisfactorily. For practical purposes following the ONU power levels will
ensure proper network operations. A typical power level configuration as given in the
following table:
Tx Power
ONU / ONT (Optical Network Unit – CPE device)
OLT (Optical Line termination equipment)

0 dBm
1 dBm

Rx
Sensitivity
-26 dBm
-30 dBm

Fig 2.3.10: Figure level configuration

Link Budget Calculation
Total Power Budget available = Tx Power of OLT – Receiver Sensitivity of ONT
= 1 – (- 26) = 27 dB
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Working Limit of Power Budget = Budget Available – Design Margin
Let the Design margin = 3 dB
Working Budget = 27 dB – 3 dB = 24 dB
Assuming Splitter Loss - S1 (for Splitter 1:2) = 3.5 dB;
S2 (for Splitter 1:4) = 6.5 dB; and
S3(for Splitter 1:8) =12.5 dB
Total Splitter Loss = S1 + S2 + S3 = 22.5 dB
Maximum OFC Loss = Working Budget – Total Splitter Loss
= 24 dB – 22.5 dB = 1.5 dB
Maximum Span of OFC (including all spans of S1, S2, S3) = 1.5 / 0.35 = 4.2 km

2.3.5 Construction of Access Feeder Lines
The OLT is connected to all passive optical splitters S1, S2 and S3 by OFC. The OFC cable feeder
lines can be either underground or overhead. Most commonly used methods for underground
OFC cabling are open trenching and horizontal directional drilling (HDD). Optical Fibre Cables
should be pulled through HDPE pipes of outer diameter of 50mm, 40 mm or 32 mm.
Open Trenching
OFC is laid through HDPE pipes, in the trench, at around 1.5-meters depth, measured from
top of the pipe. Considering the pipe’s diameter and provisions of soft soil below the pipe, it
is desirable for the trench to be dug to depth more than 1.60 meters. The cables can be laid
at a low depth, in case of obstructions.

Fig 2.3.11: Open trenching (a)

Fig 2.3.11 Open trenching (b)
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Typically, the depth of the drilled portion requires to be more than 250 cm. It may be required
to dig required to a 10-meters distance, from the leading edge of the proposed manhole, to
achieve the required depth. The manhole, opened for the entry and exit pit, needs to be at
least of 1.5 x 1.5 x 1.7 meters. Before starting the drilling process, both entry and exit pits are
opened.

2.3.6 Overhead Fibre laying
The fiber cables, noticed hanging on the poles (electrical, telephone or private grouted), are
known as aerial fiber cables, used widely for OSP installation on poles. Aerial fibre cables are
created to prevent from natural destructions and to avoid damages. There are many types of
aerial fibre optic cable. The guidelines followed before installation of aerial cable is listed in
the following figure:
Make a proper plan of the installation.

Design a layout by taking all the safty considerations.

Get the permission and authorization about the plan and procedure.

Make sure all the materials required for installation are available at the site.
Maintain sufficient clearances between fiber optic cables and electrical
power cables on commonly-used poles.
Choose the splice lcation after a cable route survey, to allow longest possible
continuous cable spans and a minimum number of splices
Avoid installing in the wet conditions. Make sure you follow all the safey precautions
when working on the poles.
Fig 2.3.12: Prerequisites for aerial cable installation

Installation of Aerial Fibre
Aerial cable installation can be seen in most of the areas, where cables are installed on utility
poles like Telephone, Electricity or private grouted poles. This method is easier, faster and
cost effective when compare to underground installation. But these cables are subject to
continual tension due to changes in temperature, weather condition and other man made
disturbances. Fibre cables may not have enough strength to allow direct aerial installation but
with the use of some methods and special cable, it can be possible for aerial cable installation.
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The procedure used in aerial cable installation is given in the following figure:
Lash a regular OSP fibre 12/24 core cable to a messenger. Messange cable selected to give
strength to support fibre optic cable over poles and clamps.

Take messanger cable and tie it to both end using clamp or by putting knots on the utility poles.
Use hangers to hold the OSP of cable in regular intervals on the messange wire.

Unwind the fibre cable from the drum and insert one end through the hanger hole and pull it
using pully. Hanger hooks can be replaced by using the clipping wire and tying with the cable
and messenger.

Pull the optical fibre cable onto temporary support rings and lashed, or alternately, laid along
the ground under the messenger and an aerial guide in front of the lasher used to position the
cable next to the messenger for lashing.

Support the cable is by clamping to the strength member of the cable in a manner similar to
installing a messenger strand.

All dielectric self-supporting (ADSS) cables suitable for Aerial installation that are designed with
more strength members and a thicker jacket to have adequate strength to withstand the rigors
of aerial installation when installed with special hardware designed to grip the cable on the
jacket properly without causing damage to the cable over long term high tension loading.

Use Helix to support the Fiber and provide strength at road turning. Bending radius by the
manufacturer requires to be followed. Max allowable bend is 10x circumference of the cable.
Fig 2.3.13: Installation of Aerial fibre
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The following figure show the aerial fibre cable:

Fig 2.3.14.: Aerial fibre cable laying on poles

General Precautions
The following precautions always apply when handing fibre optic cable.
• Never exceed the cable’s stated maximum pulling tension.
• Never exceed the cable’s stated minimum bending radius.
• Never exceed the cable’s maximum crush load.
• Never set a cable reel on a flange side (to prevent cable crossings during
• Adhere to local personnel safety practices.
• Do review and follow equipment safety practices.
• Apply caps over free cable ends to prevent water intrusion.

payoff)

Additional general safety precautions exist when working with overhead facilities or in areas
of traffic congestion are listed in the following:
•

•

•

When working with overhead conductors and facilities, ensure that all personnel are
aware and trained on the applicable safety requirements. Occupational Safety and Health
Act (OSHA) and the National Electric Safety Code (NESC) guidelines can be followed.
Ensure cables are properly grounded during installation in overhead facilities near power
lines. Fibre cables with metallic components can accumulate an electric potential when
near power lines.
Proper safety cones and traffic control devices should always be used. The project
manager should coordinate his work with local traffic officials. Safety zones utilizing traffic
signs and cones should be placed at all working locations.

77

Participant Handbook

2.3.7 Splicing
Splicing is a process of connecting two fibre cables permanently. Sometimes semi-permanent
splicing is known as termination or connectorization. Splicing produce less light loss and back
refection.
Significance of Splicing
Significance of splicing are listed in the following figure:
It joins two broken fibres.
It connects some of the cores straight through a patch cabinet.
It extend the cable run.
Fusion splicing has less loss when two cables joined together.
It attaches a pre-terminated pigtail.
Fig 2.3.15: Significance of splicing

Pre-Requisites of Splicing
Before starting the splicing, a DCT should:
• Find the splicing position and location.
• Check whether mechanical or fusion splicing is needed depending on the cable that you’re
working on.
• Make sure all the tools required for splicing is available.
• Also check the tools and equipment that is needed for splicing.
• Make sure that battery is charged for splicing.
• Have design of splicing and ROW letter copy if the fibre is laid overhead.
Types of Splicing
There are major two types of splicing as following:
1. Mechanical splicing
2. Fusion splicing
Mechanical Splicing
This type of splicing is used for as temporarily joining two ends of optical fibers together. It
does not require any specialized training. Commonly it is performed when the fast restoration
of fibre cut is needed. The following image shows the mechanical splicing of fibre:

Fig 2.3.16: Mechanical splicing
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Two fiber optics cables are precisely aligned together with the use of alignment device and
index matching gel of a similar RF index, covering the possible air gaps and allowing the light
travel from one fibre to another with least loss of reflection. Mechanical splicing procedure is
given in the following figure:
Step 1
•Strip back fiber buffer and coating 1.5 inches from the fiber tip.
Clean stripped fiber with Isopropyl Alcohol and Lint-Free Wipe.

Step 2
•Cleave fiber to 14mm in length. Clean the cleaved fiber with
Isopropyl Alcohol and Lint-Free Wipe.e

Step 3
•Insert first fiber tip mid way into the v-groove of the splice core.
Insert the second fiber tip into the splice core until it butts up
against the first fiber.

Step 4
•In the last, lay the splice core with the joined fibres into the
bottom shell of the splice housing. Snap the top shell onto the
bottom shell to complete the assembly. If you wish to make this
a permanent splice, place a drop of quick curing adhesive into
each epoxy hole in the top shell of the splice.
Fig 2.3.17: Mechanical splicing procedure

Testing the Mechanical Splicing
To test the splicing visual fault locator (VFL) is used. Light from the VFL is applied on the fibres
and if the fibre is illuminating then it means that two fibre ends are mated properly. This is
because light from the VFL is injected into the fibres and insert the cleaved end mid-way
through the splice core. It causes the fibre to illuminate. The following image shows the
testing procedure of mechanical splicing:

Fig 2.3.18: Mechanical splicing testing
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Fusion Splicing
Fusion splicing is the process of connecting two optical fibres to make the continuous optical
path maintaining the lowest optical loss. Fibres are connected with the use of several
electrical arcs, by cleaning the fibers first and then heating their surfaces. The fibers are
pushed together after being heated, to create a continuous optical path. The following figure
shows the concept of fusion splicing:

Fig 2.3.19: Fusion splicing

Requirement of Tools and Testers
Tools and testers required for the fusion splicing are listed in the following table:
Sl no. Tools/Eqpt name
Specification Qty Remarks
1
Fusion Splicing Machine
Fujikura 60S 1
2
Precision Cleaver
1
3
Round Cutter
1
4
Fibre stripper
1
5
Long nose plier
1
6
Screw Driver
1
Set of + and 7
8
9
10
11
12
13

Fibre nipper
Heat shrink tube protector
Lint free tissue paper
Isopropyl (IP)
Fibre disposable container
Eye protector
Glass
Working mat

1
1
1
1
1

As required
As required
Bottle

Fig 2.3.20: Fusion splicing requirements

Procedure of Fusion Splicing
The steps for the fusion splicing are as follows:
Step 1: Preparation for Splicing
The first step in fusion splicing is to prepare the fibre by stripping the protective coating and
then making the bare fibre to show. Then the cleaning of fibre is done.
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The following image shows the preparation of splicing:

Stripping Outer sheath
with round stripper

Stripping jacket with
jacket ripper

Cutting loose tube with
tube cutter

Fig 2.3.21: Splicing preparation

Step 2: Cleave the fibre
Using a good fibre cleaver is important for the fusion splice. The cleaved end must be mirrorsmooth and perpendicular to the fibre axis to obtain a proper splice. The following image
shows the procedure of cleaving of fibre:

Fig 2.3.22: Cleave the fibre

Step 3: Fuse the Fibre
Two steps are done in this process which are listed in the following:
1. Alignment – It is automatic or manual procedure depending on the fibre that needs for
splicing. The accurate alignment depends upon the tool quality.
2. Heating – It is done after alignment. The electrical arc is used to melt the fibres and
attached permanently together.
The alignment process of fibre is shown in the following figure:
Fig

2.3.23:

Alignment

of

two

Fibre

cables

o

n
machine for splicing
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Fig 2.3.24: Method of Fusion splicing

Step 4: Protect fibre
It is a process of protecting the fibre from bending and tensile forces. This helps to avoid
breakage during handling. Fused fibre can hold up to 0.5 to 1.5lbs but still we need
protection. It is done with the use of heat shrink tubing, silicone gel. In some cases,
mechanical crimp protectors are used.
Once the splicing is done then clean and smooth fibre end display observed in the splicing
machine screen making the total fusion splicing loss should be better than 0.1 dB.

Fig 2.3.25: Showing splice loss
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Exercise
Write the following in 50-100 words.
1. What are the components of OSP.

2. Write two main step involved in GPON network OSP design and implementation.

3. Write about open trenching.

4. Write about overhead fibre laying.

5. Define splicing.
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3. Testing and
Troubleshooting Procedure
Unit 3.1: Testing of Access Network
Unit 3.2: Troubleshooting and Fault
Analysis of Access Network
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Key Learning Outcomes
At the end of this module, you will be able to:
•

List testing procedure

•

List the troubleshooting procedures

•

Explain the troubleshooting cases

•

Identify the common problems
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UNIT 3.1: Testing of Access Network
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

List the testing parameters
Define optical splitter losses
Explain fibre optic measurement
Explain measurement of power at end point using source and OPM
List the Optical time-domain reflectometer (OTDR) trace procedure
Define loss measurement using an OTDR During PON installation

3.1.1 Testing of Fibre Network Parameters
A DCT should have the right tools and test equipment for testing the access network. The
following figure lists the tools and equipment required for testing:
Optical inspection microscope, for example 100-200X video scope are mostly preferred
Optical loss test set (OLTS), also known as optical source and power meter, with
proper equipment adapters to test cable plant
Reference test cables, similar to the cables to be tested as well as the mating
adapters, including hybrid ones if required
Visual Fault Locator (VFL) or Fibre Tracer
OTDR with launch and receive cables for testing and troubleshooting of OSP
Cleaning materials such as lint free cleaning wipes or dry cleaning kits and pure alcohol
Fig 3.1.1: Tools and equipment required for testing

The following table lists the fibre optic testing requirements:
Test Parameter
Required Instrument
Optical Power level (At source output) and Optical Power Meter
Receiver Signal Level
Source Wavelength and Spectral WiDCT
Optical Spectrum Analyzer
Backscatter for Loss, Length and Fault
Location
Attenuation or Loss of Fibres, Cables &
Connectors
(Insertion Loss)
Bandwidth / Dispersion
(SM: Chromatic and Polarization Mode
MM: Modal and Chromatic, )

OTDR
Optical Power Meter and Laser Source or
OLTS
Dedicated Bandwidth Testers
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Reflectance

OTDR, Optical Continuous Wave
Reflectometer (OCWR)
Visual Cable Fault Locator

Fault Location finding
Fig 3.1.2: Testing parameters and required instruments

Optical Splitter Losses
Standard loss curve of splitter with various ratios is given in the following table:
Total average loss (DB)
Avg.
Loss Type
Qty.
S
S
S
S
S
loss dB S
1:64
1:32
1:16
1:8 1:4 1:2
Fibre cable (Kms)

20

0.36

7.2

7.2

7.2

7.2

7.2

7.2

Adapter (Pc)

7

0.2

1.4

1.4

1.4

1.4

1.4

1.4

Connector loss

1

0.4

0.4

0.4

0.4

0.4

0.4

0.4

Extra loss (dB)

1

1

1

1

1

1

1

1

S 1:64

1

19.7

19.7

S 1:32

1

16.5

S 1:16

1

13.5

S 1:8

1

10.5

S 1:4

1

7.2

S 1:2

1

3.2

Passive
optical
splitter
(pc)

Total loss in (dB)

16.5
13.5
10.5
7.2
3.2
29.7

Fig 3.1.3: Optical splitter loss
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1× N (single-input) and 2 × N Dual input PLC splitters loss
Single input (1xN) PLc splitter loss
Dual input (2xN) PLc splitter loss
Insertion
loss dB
Max

Uniformity
dB max

Return
loss dB
min

Insertion
loss dB
Max

Uniformity
dB max

Return
loss dB
min

S 1:2

3.2

0.3

50

S 2:2

4.2

1.1

50

S 1:4

7.2

0.5

50

S 2:4

7.7

1.2

50

S 1:8

10.5

0.8

50

S 2:8

11

1.6

50

S 1:16

13.5

1

50

S 2:16

14.6

2.4

50

S 1:32

16.5

1.3

50

S 2:32

17.8

3

50

S 1:64

19.7

2

50

S 2:64

21.5

3.7

50

S 1:128

23.6

2.7

50

S 2:128

25.1

4

50

Split
Ratio

Split
Ratio

Fig 3.1.4: PLC splitter loss

3.1.2 Documentation
Documentation is the important process when your testing the network. Ensure that the
preparation of cable layouts for every Fibre to be tested has a loss budget so that the end
value we are looking for is known. The DCT should create a spreadsheet mentioning all the
cables and Fibres before entering the field and should take a printout of the spreadsheet for
comparing test result against the plotted Fibre.

3.1.3 Measuring Optical Power
Basic fibre optic measurement is required for measuring the optical power at the end of a
Fibre. It helps know about the power loss and the power presented at a receiver or power
from a source. Generally, transmitters and receivers have receptacles for Fibre optic
connectors. To measure the power:
• Of a transmitter, a test cable is attached to the source and the power at the other end is
measured
• Of a receiver, the cable attached to the receiver receptacle is disconnected and the output
is measured using a meter
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The following figure shows the measuring of optical power:

Fig 3.1.5: Fibre optic measurement

The following figure shows the measurement of power at end point using source and OPM:
1 : 4 split
Spli er
S3

1 : 2 split
Spli er
S2

OLT

Spli er
S3

1 : 8 split
Spli er

S1

Power meter

1 : 64 Split
PON network

Spli er
S3

Spli er
S2

1 : 2 split

Laser source

Spli er
S3

Total loss = Power at A – Power at B
= Cable loss + (S1+S2+S3) spli er loss

1 : 4 split

Fig 3.1.6: Measurement of power at end point using source and OPM

The following table shows the typical optical power levels of Fibre optic communication
systems:
Network Type

Wavelength, nm

Power Range (dBm)

Datacom

650, 850, 1300

0 to -30 (1 to 100uW)

CATV, DWDM

1310, 1490, 1550

+20 to -6 (250 uW to 10mW)

Fig 3.1.7: Optical power levels typical of Fibre optic communication systems
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3.1.4 Recording of Power level at Various Points of Network
All records for optical power at various points in the network should be recorded in the
following format as given in the following figure:

OLT
Port
Card
1:
Port1

P1–
Power

P2–
Power

P3P4P5P6P7 P8 Total Loss
Power Power Power Power Power Power (dB)

Fig 3.1.8: Recording of power level at various points of network

A standard operating procedure should be made and the power levels should be checked
after certain intervals.
1. In case the power received at the ONU varies by more than 3 dB, troubleshooting for the
loss needs to be done.
2. In case the losses is due to particular splitter S1, S2 or S3 the corresponding splitter needs
to be replaced.
3. In case of loss due to any particular section of OFC cable the same need to be replaced.
4. In case the OFC section is too long to replace a n OTDR should be used to locate the high
loss point and subsequent restoration is to be carried out.

3.1.5 OTDR Trace Procedure
OTDR is mainly used for long distance Fibre health check. For preparing fibre cable to be
tested, the DCT should do the following tasks:
• Strip the outer jackets, armour, and buffer tubes away from the cable, to one meter.
• Clean the Fibres inside the cable and organize them as per the industry standard colour
code.
• Strip, clean and cleave the first test Fibre and insert it into other end of the mechanical
splice in such a way that it lightly butts against the pigtail Fibre.
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OTDR Setting up and Bare Fibre Testing
The procedure followed in setting up OTDR and bare fibre testing is given in the following
figure:
Power on the OTDR

Select the correct wavelength and refractive index for the test.

Set the OTDR’s measurement mode to “Two Point Attenuation” that allows setting
markers at any two points on the backscatter trace and display the attenuation of
the region between the markers in either dB or dB per kilometer.

Set the first marker at the beginning of the trace after the initial tail of the deadzone and the second marker at the end of the trace.

The results will display as dB/km at a specific wavelength being tested.

Set the OTDR to “Real-time Mode” and adjust its range, pulse width, and zoom
settings so that the entire fiber span is visible on the screen.

In real-time mode, the trace may appear noisy. Start the OTDR’s averaging mode to
reduce noise and clean up the trace.

After averaging is complete, the event table will show reflective events at the OTDR
port and at the end of the fiber. The trace should appear linear with no abrupt
interruptions that would indicate a break or other fault in the fiber.

After the dead zone, the straight line will have a very gentle slope indicating the
attenuation of the fiber span.
Fig 3.1.9: OTDR Setting up and Bare Fibre testing

Loss Measurement Using an OTDR During PON Installation
Cable section should It is important to ensure that each cable section meets or exceeds the
cable specifications. This can best be accomplished by using an OTDR. A true diagnosis of the
entire length of fibre is achieved. Unlike an OLTS, which characterizes the overall loss of an
entire link using two instruments, an OTDR provides a detailed map of all of the section losses,
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allowing users to locate and characterize every individual element in the link, including
connectors, splices, splitters, couplers and faults.

Fig 3.1.9: Optical trace analysis.

An OTDR operates by sending a high-power pulse of light down the Fibre and measuring the
light reflected back. Every event in the link (i.e., each optical component and optical fault)
causes a reflection or an optical loss, or both. Fibre ends and Fibre breaks, as well as
connectors and other components, each reflect a small part of the pulse back to the OTDR.
The OTDR uses the time it takes individual reflections to return to determine the distance of
each event. The faults that can be detected by the OTDR include misalignments and
mismatches, angular faults, dirt on connector ferrules, Fibre breaks and macrobends.
Optical Fibres uniformly backscatter a small portion of the light over their entire length. The
OTDR measures this backscattered light to determine the attenuation of the Fibre. Sudden
reductions in the level of backscattered light correspond to optical losses due to splices or
other events.
For instance, the typical attenuation of the Fibres can be measured over the ranges of
wavelengths used in the PON, typically:
• 0.33 dB/km at 1310 nm (0.35 dB/km for worst case)
• 0.21 dB/km at 1490 nm (0.27 dB/km for worst case)
• 0.19 dB/km at 1550 nm (0.25 dB/km for worst case)
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Exercise
Multiple choice questions
1. What is the device used to measure the optical power level?
a. Optical Power Meter
b. OLTS
c. VSL
d. OTDR
2. What is the device used to measure attenuation or loss of fibres, cables and connectors?
a. Optical Power Meter
b. Optical Power Meter & Laser Source or OLTS
c. OCWR
d. VFL
3. What is the device used to measure the fault location and distance finding?
a. OTDR
b. Dedicated Bandwidth Testers
c. VSL
d. VFL
4. What is the device used to measure the reflectance?
a. OTDR, OCWR
b. OCWR, OVWR
c. VFL, OTDR
d. OLTS, OTS
5. What is the device used to measure the backscatter for loss, length and fault location?
a. VFL
b. Laser source
c. OTDR
d. OLTS
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UNIT 3.2: Trouble shooting and fault analysis in Access
Network
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

Explain fault analysis
List the troubleshooting cases
Explain GPON services troubleshooting procedure
Define trouble shooting in the RF Amplifier
Explain trouble shooting in the customer premises
Explain trouble shooting in the optical node

3.2.1 Troubleshooting, Fault Analysis
Point-to-Multipoint FTTH Network (PON) Topology.
Troubleshooting a point-to-multipoint FTTH network (also known as a PON network) differs
significantly. As per following image, a PON network contains one OLT connected via a splitter
to multiple optical network terminals ONTs (one for each subscriber, up to 64 subscribers).
PON Case 1:
One customer in a particular area is not able to assess the service, where as other people in
the same area are able to access it.
As a DCT you must think and check for the solution.
Common cause for this problem are listed below:
i. Fault in the distribution fibre between the customer and the closest splitter
ii. Fault in the Optical Terminal Network equipment
iii. Fault in the customer’s home wiring
The above points are explained in detail in the following image:

Fig 3.2.1 Example of case – 1
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PON Case 2:
Customers connected to the same splitter facing problem in receiving service, but customer
connected to same OLT are not facing problem. This problem can occur because of following
causes:
i. Issue in last splitter
ii. Issue in the fibre link between the cascaded splitters
iii. Issue at the drop fibre
The above points are described in detail in the following picture:

Fig 3.2.2 Example of case - 2

PON Case 3:
In this case all the customers are affected, no one is able to receive the service. In this case
the possible causes for this solution are listed as below:
i. Issue with the splitter closest to the OLT
ii. Issue with the feeder fibre or cable of the fibre network
iii. Issue in the OLT equipment
The above points are described in detail in the following picture:

Fig 3.2.3 Example of case - 3
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Other Variable:
Splices or Connectors at Strategic Places If connectors are available at the splitters, terminals,
or drops, isolating part of the faulty network easier. Inspecting connectors and taking OTDR
measurements using 1310/1550 nm wavelengths are often performed on network sections
that are out of service. In-service testing (test on a network carrying traffic) is needed mostly
when the entire network is spliced and when some but not all customers are affected.

3.2.2 Step by step Trouble shooting GPON services
Issue

Causes

ONT issue and decreased
optical level.

Damage or problem with
connectors.
High macro bends after
last splitter.

Troubleshooting
procedure
At the end of the cable:
Check the optical power
using optical power
meter.
Check the connector
terminals at the splitter
output.

ONT not working and no
optical power.

Fibre break at the last
splitter.

Confirm on the optical
power using OTDR.
If no optical power at the
drop terminal then drop
the cable has fault. Hence
change it.

ONT problem but optical
power is normal.

Defective ONT

Replace the ONT once
you find it as defective.

Some of ONT connected
to the splitter are not
working and optical
power is low.

Defective or dirty macro
bends at the splitter.

Check the optical power.
Check the connectors.
Check the macro bends.
Inspect the power at the
input.

All the ONT connected to
splitter not working and
no optical power.

Fibre break at the last
splitter.

Test the fibre, ONT and
splitter and replace it.

None of the ONTs are
working and no optical
power.

Break in feeder Fibre line
Problem in the Central
Office

Test the feeder Fibre with
the help of OTDR from
the CO or the Hub office.
Measure the OLT output
power
Measure the output
power at WDM coupler
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Check the OLT output line
card
Increased BER.

Decreased
ONT.

power

Intermittent problem in
the individual service.

ONT hardware issue.

at

Inspect
the
cable,
connectors and ONT.
Check the ONT and
perform troubleshooting
procedure.

Fig 3.2.4 Issues and causes

The following figure shows the overall GPON distribution network:

Over all GPON distribu on network

Op cal
Power meter

Feeder fiber

Drop fiber

Central Office

Fig 3.2.5: GPON Network
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3.2.3 HFC Plant (OSP) Systematic Troubleshooting Procedures
HFC network cover three distinct areas wherefrom the problems arise. There are following
three troubleshooting procedure that is done.
•
•
•

Observation and measurement at the customer residence
Observation and measurement at the upstream RF amplifier
Observation and measurement at the upstream optical node

At the customer premises:
Usually customer raise a complaint in case of any issue. These complaints are converted into
tickets or service request.
Most common/general complaints received are:
a)
b)
c)
d)
e)

Issues related to TV or internet performance.
Signal quality issue
Loss of signal
Damage or any affect to the signal receiver
Interference issue

As a DCT you must understand these problems and response to the client on immediate basis.
For these complaints you should check the cable layout and its quality. These is the best
solution for most of the problems that are listed above.
It is must to prepare and carry the spreadsheet of cables and fibre before you visit the
customer place.
At the RF Amplifier:
If the technician is unable to restore the service at the customer premises, then the person
should check the RF amplifier or node upstream of the customer’s network.
When testing a network, a technician should be positioned at the next amplifier for forward
path and another technician should be at the head end for testing reverse path.
Procedure:
The procedure involves steps as follows:
Step 1 – Physical Inspection:
Procedure followed in physical inspection is given in the following figure:
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Check the node and amplifier for physical damage.

Check the input and output connection.

Once the problem is identified, replace or repair the
components that are found as not working.
If the problem is solved with above action then close the
ticket.
Also check the weather boots quality, if they are cracked or
missing replace them.

Fig 3.2.6: Physical inspection

Step 2 – External Connection Inspection:
Procedure followed in external connection inspection is given in the following image:

If the above fails to solve the
issue, then move the amplifier
or node.
Check for the proper
connectorization at all the input
and output level.
Make sure all the fittings and
connectors are in place and
tight the loose fittings.
If the issue is solved then
document your actions and
close the ticket.

Fig 3.2.7 External connection inspection
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Step 3 – Internal Connection Inspection:
Procedure followed in internal connection inspection is given in the following image:

If the both above actions fail to solve the problem, loose the bolts that holds
amplifier or node housing together and open and reclose the housing.

If the problem is solved with above action, close the ticket.

Fig 3.2.8: Internal connection inspection

Step 4 – Visual Inspection:
Procedure followed in visual inspection is given in the following image:
This process involves in careful visualization of the RF launcher for white residue which
indicates water intrusion and excess heat.

Check for the red LED warnings which indicates the faults.

Open the amplifier and move the accessories and cable harness to restore oxidized
connections.

If the issue is solved then document your actions and close the ticket. If problem still
remains then check the node upstream.

Fig 3.2.9: Visual inspection

At the Optical Node:
The trouble shooting in the optical node procedure needs following steps:
1. Checking transmitter
2. Checking receiver
3. Checking plug-in pads
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The above steps are discussed in detail in as follows:
1. Checking Transmitter
Procedure for checking the transmitter is given in the following image:
Open the upstream node and check whether power and
laser LED is on at the customer network transmitter
feeding portion.
If any light is off then check the AC and DC power supply
voltages.
If there is any voltage problem correct it and restore the
power.

Check both power and laser LED is on.

If the problem is solved, document the procedure and
close the ticket.
Fig 3.2.10: Checking transmitter

2. Checking Receiver
Procedure for checking the receiver is given in the following image:
Inspect the receiver which is fed by the customer portion
of the network
Check both power and optic LED is on. If both are on
then it indicates normal operation.
If any one or both LED are off, then check the power
source, fibre bulkhead connector and fibre routing.
If there is any problem restore them and verify that both
LEDs are on.
Once it is done, document the procedure and close the
ticket if the issue solved.
Fig 3.2.11: Checking Receiver

102

Digital Cable Technician - Access

3. Checking Plug-in-Pads
Procedure for checking the plug-in-pads is given in the following image:
If both LEDs in transmitter and receiver are on, but the
function is abnormal then check the plug-in-pads.
Check if plug-in-pads in the transmitter and receiver is
seated correctly.

In case any suspect remove and plug it again.

If the procedure restore the device, document the
findings and close the ticket.

Fig 3.2.12: plug-in-pads
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Exercise
Write the possible cause for the following problems:
One customer in a particular
area is not able to assess the
service, where as other people
in the same area are able to
access it.
Customers connected to the
same splitter facing problem in
receiving service, but customer
connected to same OLT are not
facing problem.
In this case all the customers
are affected, no one is able to
receive the service.

ONT issue and decreased
optical level.

ONT not working and no optical
power.

None of the ONTs are working
and no optical power.

Intermittent problem in the
individual service.
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4. Safety at Work Place
Unit 4.1 – Safety equipment and procedure

ELE/N8108
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify the safety procedure
2. Explain safety at work place
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UNIT 4.1: Safety Equipment and Procedure
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Identify safety precautions and safety needs
Explain safe working practices
Identify the personal protective equipment
Identify how to ensure site, mechanical and electrical safety

4.1.1 Safety Precautions
As a DCT you will be working in the outdoor locations and cables in which safety is very
important. The most common problems occur when working at the heights and with fibres.
Because fibres can get into the eyes and can cause harmful effects. Fibres are commonly
caused at the time of splicing and termination which are very sharp and can cause harmful
effect to the skin as well as to the eyes. So, as a DCT you must follow following precautions
while working on the field:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

When working with the fibres make sure you work on the black surface which helps to
find the fibre residues easily.
Wear safety clothing which cannot observe the fibre particles and can be disposed easily.
Do not eat in the customer location.
Wear the safety glasses to protect your eyes.
Wear helmet while working in the heights.
Do not look at the end of any active fibre cables.
Always make sure that no light is available at the end when using OPM.
When checking the fibre splicing do not lean on the fibre that needs to be tested. Always
look at the fibre at 6 inch distance.
Work in the ventilated areas.
If you’re using contact lens do not touch it while working. Also do not touch eyes while
working.
Wash your hands properly before eating or touching the eyes.
Make sure you dispose the fibres with care.
Clean the area after your work is finished.
Never smoke while working.
Do not keep flammable objects while doing splicing. Because high voltage can cause fire.
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4.1.2 Safety Needs
Safety plays major role in every digital cable technician role. As DCT, you must carry following
things to maintain safety:
Ladder with support
•This is used for laying of cable, fault finding of overhead network

Safety belt
•Personal safety while workin on height

Safety Glass
•Used for safety of eyes while working on Optical fiber splicing

Safety Gloves
•Used by the Installer while working on Electrical pole or electrical
system

Rope sole shoes
•To be used by the Installer while working on Electrical poles and
specially on wet condition.

Safety Helmet
•Used for the safety of the Head in case of any injury received.

Fig 4.1.1: Safety needs
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Tips
Following are the recommended tips:
•

Use double sided tapes to remove broken or stray pieces of fibre.

•

Use labelled and tightly sealed containers for disposal

•

Use protective clothing

•

Do not smoke in areas where splicing is happening

4.1.3 Adherence to Safe Working Practices
Safety procedures and measures are dependent on the type of work. There may be a need
for electrical safety, fire safety or mechanical safety for a DCT.
The following figure lists the general measures an employee should be aware of to ensure
safety:
Daily Safety Instructions

Before Starting Work

•Take safety measures to prevent
accidents.
•Ensure zero accidents while at work.
•Avoid damaging components due to
negligence in electrostatic discharge (ESD)
procedure.
•Ensure no loss for company due to safety
negligence.
•Ensure proper maintainance of machine
and work process for achieving quality
output as per the company standards.

•Plan and discuss requirement of work to
be done.
•Consider potential hazards and measures
to be taken.
•Confirm permission to isolate (use a
permit system if relevant).
•Isolate the electrical equipment or circuit.
•Place a "DANGER, DO NOT OPERATE" tag.
•Put up safety barriers when required.
•Use the correct earthing equipment.
•Cover and insulate a nearby live
apparatus.
•Check test instruments and get
authorization to do the work.

When Working

After Completion of Work

•Use safety observers when required.
•Always wear PPE.
•Never rely on memory.
•Connect the earth and neutral conductors
first.
•Check the isolation points before resuming
work after a break.
•Check and clean the tools that are used
regularly.
•Use non-conducting tape measures.

•Check if tools are left after work
completion.
•Remove own earthing equipment.
•Notify all personnel involved that the
equipment will be energized.
•Hand in the work permit (if relevant).
•Remove "DANGER, DO NOT OPERATE"
tags.
•Switch off all machineries.
•Remove and store all PPE properly.

Fig. 4.1.2: General safety measures for an employee
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4.1.4 Personal Protective Equipment (PPE)
PPE are essential to avoid any electrical, heat or physical hazard. A PPE product may not
eliminate a particular hazard from occurring but it avoids an employee from being exposed
to it.
PPE are specially made to protect workers from the following:
•

Injuries caused by impacts of electricity

•

Electrical hazards

•

Heat and chemicals

•

Other occupational safety hazards

The following figure lists the components of PPE:
Rubber Gloves:
Flame Proof
Aprons:
Helmets/Hard Hats:
Ear
Defenders/Plugs:
Safety Boots:
Knee Pads:
Particle Masks:
Glasses/Goggles:

•To protect hands from hazardous and chemical substances
•To protect body from any burn in case of fire
•To protect head from any falling components and in case
of a fall from a height
•To protect ears from loud noise created while working
•To protect feet from sharp edged material
•To protect knees from damage in case of a fall
•To prevent any gaseous substance from entering into body
through inhalation
•To protect eyes from outside particles and dust

Fig. 4.1.3: Components of PPE

PPE also include the following items:
•
•
•
•

Buttoned to neck, cuff-less (without folds) shirts
Trousers
Reinforced footwear
Cap and shoulder covers

Protective clothes refer to clothing designed specially to protect workers from potential
hazards. Lab coats and ballistic vests worn by scientists and law enforcement officials
respectively also fall under this category. The different items of the PPE can either be worn
individually or in complete sets.
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The following image lists the PPE used at a workplace:

Fig. 4.1.4: PPE at a workplace
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4.1.5 Precautions to Health and Safety Hazards
Site Safety
The digital cable technician should make a site safety plan and abide by certain guidelines to
ensure jobsite safety as shown in the following figure:
Ensure that the workplace is not messy to avoid the possibility of tripping over.

Take necessary precautionary measure if the workplace is a sloped roof with clutter, as the
possibility of falling off the roof significantly increases.

Ensure that the tools are kept in their proper places to avoid any injuries.

Use sunscreen, stay
well-hydrated and wear light-colored clothes on bright sunny days while working on a roof
top. The chances of sunburn and heat exhaustion increases in such a case.

Use gloves while handling anything that might splinter or is rough, too hot or sharp. Special
insulating gloves must be worn if working with live voltages.

Ensure proper carrying of tools or materials as dropping tools or materials on oneself,
someone else or on sensitive equipment or materials is hazardous. Dropping conductive
tools across battery terminals is a big hazard.

Ensure proper procedure during installation to reduce or eliminate hazards. When a
security system is being assembled, the possibility of shock to personnel should be
eliminated. Improperly installed systems may result in shock or fire hazards after a period
of time due to wiring or arcing faults.
Fig. 4.1.5: Ensuring site safety

While working at a height, the technician should take proper measures such as guardrails,
safety harness and fall arrestors to reduce the risk of a fall.
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Mechanical Safety
During building and installation of the access network, mechanical safety for the onsite
working professional is the key point to be considered. The person should carry mechanical
safety equipment, especially while installing security systems at heights. There may also be a
few minor hazards which include burns or cuts from sharp tools.
Electrical Safety
One of the most potential causes of an accident may be an electric shock for working
professionals on site. The precautions are of utmost importance when it comes to the job
role of a digital cable technician.
To ensure electrical safety, the technician needs to check the points as shown in the
following figure:

Adequate wiring

Appropriate electrical
equipment used along with
its correct label and
capacity

Good working condition of
equipment

Circuit breaker with listing
of current breaks

Unexposed electrical parts

Overhead power-lines to
be out of contact range
from work area

Proper insulation of wires

Double insulated or
grounded electrical
systems and tools

No overloaded circuits

Damaged power
tools/equipment promptly
removed

Appropriate PPE used by
employees

Appropriate tools used by
employees

Chemicals labelled and
correctly used

Ladders not conducting
electricity

Dry area without any
standing water

Securely installed
equipment

Equipment not exposed to
possible overheating due
to poor air circulation or
covering of the ventilation
device

Fig. 4.1.6: Ensuring electric safety
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Exercise
Choose the correct option:
1. To pick up broken or stray pieces of Fibre we must use:
a.
b.
c.
d.

Tweezers
Hands
Double sided tape
None of the above

2. While working in with fibre cable:
a. We can smoke
b. We can eat
c. We should not carry an inflammable material or fire hazard
d. All of the above
3. While working with Fibre optic we should use:
a.
b.
c.
b.

Cotton gloves
Leather gloves
Leather gloves and protective eye-wear
All of the above
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5. Personal and
Professional Skills
Unit 5.1 – Communication Skills
Unit 5.2 – Listening Skills
Unit 5.3 – Workplace Ethics
Unit 5.4 – Documentation Skills
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Use appropriate language for communication
2. Make the best impression
3. Identify the aspects of suing correct body language
4. Explain the do and don'ts at work place
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UNIT 5.1: Communication Skills
Unit Objectives
At the end of this unit, you will be able to:
1. Communicate properly with customers and colleagues
2. Identify key principles for communication at work area

5.1.1 What is Communication?
Learning basic communication skills helps in identifying and using different types of words
and vocabulary and also improve reading comprehension.
Communication is the process of transferring signals/messages between a sender and a
receiver through various methods (written words, nonverbal cues and spoken words). It is
also the mechanism used to establish and modify relationships. It is majorly categorised in
two parts. The following figure shows the types of communications:

Communication

Verbal
Communication

Non verbal
Communication

Fig 5.1.1: Types of communication
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5.1.2 Verbal Communication
Verbal communication is the ability to convey information to another person effectively and
efficiently with good verbal skills to help facilitate the sharing of information between people.
The verbal communication is affected by various factors. The following figure shows the
factors that affect the verbal communication:

Right Pace
Correct Voice
Tone

Correct Words

Correct
Pronuniciation

Clear Words

Voice
Modulation

Verbal
Communication

Appropriate
Volume

Fig 5.1.2: Factors affecting verbal communication

Clear words
While communicating with customer or colleagues pronounce the word clearly and don't
mumble. This will help the other person to clearly listen and understand the information that
is being provided.
Correct pronunciation
Using correct word is very important to provide right information while communicating also
right pronunciation is very important. The other person should be able to clearly understand
the words, so right tone and right accent should be used. Refer to dictionary for right
pronunciation of a word.
Correct words
Make sure that the words used for communication are correct. Using words with unclear
meaning would result incorrect transfer of the information. Learn new words and use the
words in daily conversation to increase vocabulary.
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Right pace
Using the right pace while communicating is very important. Make sure not to speak too fast
or too slow. Use a pace which makes the other person to listen and to understand what is
being said.
Correct voice tone
Voice tone should be correct as per the environment. For example, while communicating in a
crowded area with group of people, use a little high tone and while communicating with single
person a quiet place use a light tone. Make sure that the tone does not sound aggressive or
under confident.
Voice modulation
A monotonous voice sounds boring and the person listening does not take any interest. So
modulation of voice is very important while communicating. To emphasize on some points
use a little high tone and use light tone in general communication.
Appropriate volume
The volume should change according to the situation. Speak softly with heavy voice to make
the communication effectively. Use a tone which sound confident and clear.
Know what is being spoken
Be confident in speaking and communicating and this confidence will come with complete
knowledge. It is very important to collect all the information and know the whereabouts of
the topic of conversation. Then the communication will become more effective. Also if there
is no information about a topic accept this rather communicating with made up information.
This will give a bad impact over the person being communicating with.
Practice
Communication skills can be improved by practicing more and more and increasing the
vocabulary. Interact more and use the knowledge and skill to enhance competency. Be
confident and spend more time in practice and gaining knowledge.

119

Participant Handbook

5.1.3 Non-verbal Communication
Non-verbal communications such as body posture, hand movements also plays an important
role in communication. Most of the part that is not clear with the words are clearly
understood by other means.
The following figure shows the factors affecting non-verbal communication:

Facial
Expression

Non-Verbal
Communcation
Hand
movements

Body
Language

Fig 5.1.3: Factors affecting non-verbal communication

Facial expression
While communicating the most important part of body where the whole concentration of the
speaker and the listener stays is the face. So the facial expressions says a lot. Always have a
pleasant smile on the face while communicating. Facial expressions justify the words. Make
sure to maintain proper eye contact with other person. Facial expression should not be
aggressive or dull as this will make the other person to lose interest in communication.
Hand Movements
Avoid too much hand movement while communicating as this shows lack of confidence and
the other person may feel offensive when there is too much hand movement. Hold your
hands together in front of your body firmly. A little hand movement makes the
communication more effective. The following should be avoided while communicating:
•

Crossing your Hands
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•

Moving your hands here and there too much

•

Pointing with your Hands

•

Placing your hands stiff behind yourself or by your sides

Body Language
This is another means of non-verbal communications method in which the thoughts and
information is shared by physical behaviour such as body posture, gestures, eye movement
and touch. As the body language justifies the words, this creates a major impact on the
listener while communicating. To improve the body language while communicating, practice
and keep in mind few points to improve the body language.
Body language includes all body posture, movement of body parts, dressing sense, using the
space around. This all helps the listener understand how confident the speaker is and the
impact of the words increases as body gesture goes with the words.
Body language plays an essential role in communicating with people. Body language
comprises of the gestures and movements that is made of the different parts of body when
communicating with people. Many a times, body language speaks more than words. Certainly,
the body language must be in synch with the words.
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The following figure shows the points to remember while communicating:

Never stand stiff or make stiff movements.

Don’t use body gestures which may be taken in wrong sense or look
unprofessional such as winking or pointing with finger.
Make a constant eye contact but do not stare to make the listener
uncomfortable.
Don’t fiddle with the surroundings. This will show that you are under
confident or not interested in speaking/listening.

Do not move the body too much here there this would create a distraction.

Fig 5.1.4: Points to be considered while communicating

Example of negative body language: Biting nails show that you are not confident, resting
hands on your waist shows you are aggressive, nodding your head shoes you agree or
disagree.
Signs of a positive body gesture
A positive body gestures shows that you are confident, attentive and you are providing right
information. This also shows that you are active in communication and creates a good
impression on other participants in the communication. These gestures include:
•

Walking upright

•

Confident hand shake

•

Pleasant smile on face

•

Nodding head while listening

•

Steady eye contact

Signs of a negative body gesture
A negative body gesture shows lack of confidence and restlessness. This will make other
participants in the communication loose interest. This type of gestures should be avoided
during a meeting.
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These gestures include:

Biting nails

Dressed and
groomed
informally

Standing stiff

Looking here
and there while
communicating

Faking a smile

Fig 5.1.5: Gestures

The following image shows a technician with a good body language and pleasant
personality:

Fig 5.1.6: A technician offering handshake with a smile on face.
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Dos and Don’ts while Communicating
The following table shows the dos and don’ts while communicating with colleagues, senior
or client:
Dos

Don’ts

Facial
Expression

Keep a calm, concerned, and
Interested facial expression.

Roll your scowl, eyes or look
bored.

Eye Contact

Maintain a healthy level of
eye contact.

Stare too much, you might
come off as creepy. But avoid
looking down or darting your
eyes too quickly as this can
be a sign of uneasiness.

Hand and arms
position

Keep your arms at your sides,
with your hands open.

Clench your fists, fold your
arms or point fingers.

Stand

Maintain an upright and open
posture.

Slouch or stand too close that
you are invading the
customer's personal space.

Fig 5.1.7: Dos and don’ts of communication
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5.1.4 Telephone Ethics
Telephone ethics to attend customers call:
To overcome the competition in today’s market it is important to fulfil the customer
expectations. Customer support plays a major role in company success or failure. Hence
the telephonic assistance and ethics is important to enhance the customer satisfaction
and to survive in market for long term. As a DCT, a person should follow following
telephone ethics:

S. No
1

Ethics

Explanation

Be courteous

Always be courteous with the
customers.
Maintain smile while talking.
Be friendly with customers.
Give respect while talking. Use
words in respectful way.
Being courteous on the phone
with customers can go a long
way to ensuring the interaction
is as pleasant as possible.

2

Develop an interest

Show interest on customer’s
question, concern or situation.
Think from the customers
perspectives.
Build an effective Rapport with
the customers.
Developing an interest in the
customer conversation will
show them that your company
cares about them and will
provide them with the service
they crave.
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Convey respect

All customers should be
treated with respect at all
times.
Use active listening skills
Allow the customer to finish
speaking before responding.
Understand clearly the caller’s
needs.
Always respond with
compassion when necessary.
Ask for the customer’s
permission before placing
them on hold and continuously
inform the customer of their
progress towards their goal.
Treating the customer with
respect should be one of the
top priorities of all phone
support agents.

Answer honestly

Providing amazing phone
support requires that agents
are honest with their
customers, teammates and
themselves.
Never lie, guess or make up an
answer. If you do not have the
answer to a customer’s
question, politely explain and
transfer the customer to an
employee who can better meet
their needs.
Customer’s will appreciate the
candid response and will get
some confidence that there is
someone in your team who will
resolve his or her issue.
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Be trustworthy

Building trust is essential to
ensuring that the phone
interaction progresses
smoothly.
Trust requires truthfulness,
honesty, reliability, loyalty and
integrity.

Interact with confidence

Interacting with the customer
with confidence is critical for
ensuring that the conversation
is both productive and
effective. In order to be
confident, must be well
trained, well managed and
properly equipped to handle
difficult situations.

Be competent

You must demonstrate a
certain level of competence in
order to adequately address
the customer’s needs. To
ensure that you are competent
enough to interact with
customers effectively, you
should be well groomed both
in technical expertise and soft
skill development.

Take a neutral stance

Top-notch support requires
that never offer your own
opinions or introduce any
biases into the conversation.
Always take a neutral stance
on issues, but empathize with
the caller when necessary.
Never be defensive about your
product or services and Do not
criticise competitors.
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Remain flexible

When handling the phones,
you should expect the
unexpected and be prepared
to change course when
necessary. You might be
addressing with a wrong
suggestions to the callers and
someone internally corrects
you, be flexible, accept the
fault and guide the customer in
right direction.
Providing amazing phone
support to each customer
should be a priority of every
company – and it all starts with
proper phone etiquette. To
help optimize your team’s
phone etiquette, define phone
support etiquette guidelines,
allocate sufficient funds
for comprehensive training and
monitor for adherence to the
guidelines. When all agents are
compliant with etiquette
guidelines, companies will gain
an image of trustworthiness,
honesty and effectiveness. This
positive brand awareness
might just be enough to propel
your company ahead of your
competition and win over your
customers’ hearts forever.

Fig 5.1.8: Telephone ethics
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Unit 5.2: Listening Skills
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the difference between hearing and listening
2. Describe the importance of listening skills
3. Identify the steps to be good listener

5.2.1 Define Hearing and Listening
Listening is a very important part of communication. Without listening carefully and
understanding what is said, communication cannot be carried out effectively. It involves
hearing the information and then understanding what is being said by the speaker. Effective
listening completes when you get and understand the right information given by the speaker.
Then you respond accordingly on that basis.
There is a difference between hearing and listening. The following figure shows the basic
difference between hearing and listening:
Hearning
•It is a physical act
•Hearing acknowledge sound
•It is an involunty physiological
process
•Person does not have to think

Listening
•Listening is an intellectual and
emotional act
•It acknowledge understanding
•It is a voluntry physiological
process
•Person have to hink and
undrestand

Fig5.2.1: Basic difference between hearing and listening

5.2.2 Importance of Listening Skills
Listening skill is a skill that needs to be learned for better understanding. A good listener can
be a good speaker. So, listening is the prior skill that need to be learned and adapted. As a
technician you should actively listen to the customer issues to understand the problem. Active
listening would help you to understand the cause of any issue and you would be able to rectify
the fault in less time to make customer satisfied. Listening would help you in:
• Communication
• Taking control of a situation
• Reducing confusion and arguments
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Active listener creates a positive impression on the speaker. It shows that the listener:
• Care about the other person
• Respect the other person
For active listening you should consider few points in mind. This would help you understand
the issue and take the necessary steps based on that information. The following figure shows
the points that need to be considered for active listening:

Prepare to
listen

Comfort
the
Speaker

Avoid
distraction

Be patient

Fig 5.2.1: Active listening considerations

Avoid Distractions
Try to focus on what speaker is saying. Do not start doing another work like looking into files
or other things to avoid unnecessary interruptions. Don’t get distracted by other means like
other sound or activity.
Avoid any personal issues. Be impartial while considering and listening to others thoughts.
People have different way of speaking. Just focus on what is being said without considering
any other factor.
Try to listen to the speaker. Do not just consider words. Words with facial expression, body
gesture like factors would help you understand the issue discussed by the speaker.
Prepare to listen
Relax and focus on the speaker, make eye contact. Remove any other thought from your
mind. Stand or sit relaxed, be attentive and make sure you hear properly and there is no
distraction or noise. Focus on what speaker says and understand.
Stop talking or speaking when another person is talking. Avoid interrupting and just focus on
what is being said. This would help you to understand what speaker is saying.
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Comfort the speaker
Give a smiling face to the speaker. Make the speaker comfortable and feel free to express
his/her thoughts. Nod your head in response to what you listen. This shows that you are
interested and attentive towards listening. Maintain eye contact and do not move body parts
here and there.
Try to understand the point of view of the speaker. Put yourself in the speaker’s shoes.
Consider the issues from their perspective. Avoid considering any previous thoughts. Take
everything with an open mind. If you disagree with the speaker wait and construct your
thoughts, then speak in a very firm tone with respect to their thoughts.
Be patient
Make sure that the speaker finishes, do not interrupt the speaker in middle. Let the speaker
take time to complete the communication. Encourage the speaker to let finish.
Listen to the tone, pitch and volume of the speaker. This will help you understand which part
the speaker is more focusing, and which part is normal.
Features of a good listener:
All the verbal and non-verbal both type of communication would help in listening and
understanding the issue. There are some basic features that a good listener should possess.
The following is an image that shows features of an active listener:

Fig 5.2.2: Good listener’s features
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UNIT 5.3: Workplace Ethics
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the importance of corporate etiquette
2. Identify the dos and don’ts at workplace
3. Describe time management skills

5.3.1 Workplace Etiquette
The set of rules that an individual need to follow while working in an organisation are known
as workplace etiquette. These rules may not be written in any document form but they are
primary roles and responsibility that comes over an individual from the day he/she joins the
organisation. These rules and regulations helps to maintain the decorum of the organisation.
A technician spends most of the time in field, at customer site and rest in the office. So it is
very important for the technician to follow the basic etiquette.
Workplace etiquette refers to the sensible and appropriate behaviour followed by an
employee with co-workers to create a god impression. The workplace is an environment
where you need to follow some rules and regulation to maintain the decorum of the
organisation. The behaviour at workplace and home are completely different. At workplace
you need to be professional and organised.
Some do's and don'ts to be followed at workplace:
•

Do not waste your and your customer’s time. Perform the installation/service as quickly
as possible but do not hurry to make the customer uncomfortable.

•

Do not disturb the customer. Confirm appointment and inform before reaching the
customers site. Knock and enter the customer premises after customer’s approval and
respect their privacy.

•

Put your mobile phones in silent mode and avoid taking unnecessary calls. If possible talk
outside and in low volume.

•

Do not access areas and belongings of customer/colleagues without taking their
permission.

•

While sneezing or coughing cover your mouth and use a handkerchief or tissue preferably.

•

Eating drinking in front of the customer on site during working hours is not a professional
way of working.

•

Keep the site clean after installation and restore the workplace as per customer’s request.

•

Do not use foul language or argue with your customer/colleague. Discuss any issue with
the customer quietly.

•

Use proper tone and words while talking at the workplace with customer/colleague.
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•

Note down the important point discussed in a meeting and use your own pen and paper
for this. Discuss the issue in the end of the meeting.

•

Pass correct and necessary information to the customer/colleagues following
organisations policies.

•

Reach the customer site or office on time. Follow the rules and regulations of your
organisation. Maintain discipline at the workplace.

•

Dress up well and get groomed. Avoid wearing flashy heavy ornaments and strong
perfumes.

•

Show respect and gratitude to customer/colleagues and help them in understanding in
case of any doubt.

•

Do not share confidential data with other parties who are not related to the organisation.

•

Use the tools equipment’s provided by the company. Get the tools from tool store after
taking permission and return the same after completion of your work.

•

Ensure to keep your belongings before leaving customer premises and do not take any of
the customers belonging with yourself.

•

Avoid personal talks and personal work during working hours.

•

Do not drink or smoke at workplace.

Visits
Dos

Don’ts

Inform the customer before arriving the site
for installation/service.

Reach the site without informing the
customer.

Enter the customer premises after taking
permission.

Enter private areas without taking
customers permission.

Appearance
Dos

Don’ts

Wear clean clothes and appear professional.

Appear casual and shabby.

Be groomed.

Eat tobacco or drink alcohol during
work.
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Character
Dos

Don’ts

Be honest - Admit if you made a mistake
and apologize.

Make excuses when you are asked to
explain your action.

Be dependable - When your colleague or
supervisor assigns you work, do it.
Be loyal -Speak good things about your
colleague, supervisor and workplace.
Be enthusiastic and open to learning Always accept changes and adapt to them.
Always be willing to learn new work.

Let personal life affect work.
Postpone.
Sulk or become negative when asked to
do additional work.

Attitude
Dos

Don’ts

Be positive always.

Take feedback personally or negatively.

Take your work seriously.

Spend time worrying unnecessarily.

Organisation Skills
Dos

Don’ts

Organizes, plan and save time.

Waste time.

Arrange and check all equipment required
for your work before going to the site.

Miss your deadlines.

Schedule your task and manage time and
work effectively.

Delegate work all the time.

Function effectively as both leader and
team player.

Fail to do the designated work

Priorities your work.

Spend time on work that is not
important.
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Communication Skills
Dos

Don’ts

Express your views using the right words
and tone.

Be rude.

Question if you do not understand
something about work.

Be shy and quiet.

Explain your work related matters clearly
and patiently to others.

Lose your temper if somebody does not
understand you or questions you about
something.

Be a good listener than a speaker.

Use informal language or slangs at
workplace.

Cooperation Skills
Dos

Don’ts

Offer help to others and work in harmony.

Take more work than you can do.

Focus on work completion.

Try to complete all the work yourself.
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UNIT 5.4: Documentation
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the importance of corporate etiquette
2. Identify the dos and don’ts at workplace
3. Describe time management skills

5.4.1 Documentation in DCT Installation/Service
Documentation is a process in which all the records, details from customer request for
installation/service of the equipment to the completion of the process is recorded and
maintained for future reference. It involves basic customer details, complain and service
records and customer feedback.
Every organisation has their own set of policies for documentation involved in various steps
of service provided. The following figure shows various steps in which documentation is
involved:

Customer
records

Feedback

Documenation in
an organisation

Service
registartion

Customer
billing

Fig 5.4.1: Different stages in an organisation which involves documentation
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Documentation is very important as it helps manages the organisation workflow and the
records can be retrieved for future reference to track down service records. The
documentation should be done in a format specified by the organisation. It is a part of one’s
job role to complete all the work-related document on time and submit these documents to
the concerned authority as well.
The following figure shows the importance of documentation in an organisation:
Continuity of care: It helps keeping the records of customers and services
provided to them.

Accountabilty: It helps organisation keep track of the services which can be
retreived at any time for futue refernce.

Service improvement: It helps the organisation analyse and improve the
services provided by refering to the previous record details.

Evidence: It helps an organisation to maintain the workflow as per the policy
and refer to the details in any legal dispute.

Fig 5.4.2: Importance of documentation

The technician needs to collect all the documents related to the job role such as:
•
•
•
•

Reference manual
Customer complain copy
Customer bill copy
Feedback form

The first step a technician should follow is to take the documents form the customer such as
customer order copy, then match the details with the copy provided by the head office. After
completing the service/installation document the details of the steps performed and end
status of the service. Take the signature of the customer on bill copy and feedback form.
After completing all the documentation, the technician should submit the document to the
concerned authority. Customer bill copy should be handed to the customer. Feedback form
and service detail document should be submitted to the supervisor.
In case of any issue which is not resolved in the field, fill the detail of the issue and submit the
detail to the supervisor to get the issue resolved in time.
Follow companies’ policies and organisation structure to escalate any issue to higher
authorities.
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5.4.2 Documents Involved in Job Role
Some documents to be filled by the technician are job sheets and invoices. The following
figure shows the type of documents involved in DCT service technician job role:

Documents

Job sheet

Invoice

Fig 5.4.1: Types of documentation in DCT service technician job

A job sheet is a document prepared by a senior at a workplace, typically a supervisor, for the
technicians to fill each time they undertake a task (a job, such as servicing or installing a new
DCT device). Job sheets serve the purpose of storing records for later reference as well as act
as a proof of the job completed along with the effectiveness and efficiency with which it was
completed.
A job sheet has various fields/columns that correspond to the description of the job such as
when was the job assigned, what is the customer name, address and phone number, is the
product under warranty, was the job completed on time, who was assigned the job, customer
signature and other such fields.
A technician needs to, therefore, possess certain writing skills to ensure that the documents
are filled correctly and legitimately. The technician’s handwriting needs to be clear and easily
readable by the customers as well as the supervisors. Moreover, the technician should be able
to read and then rightfully fill the information in the specific fields.
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The following figure shows a sample of a job sheet that a field technician is required to fill for
every job assigned to them:

Fig. 5.4.2: A sample job sheet
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Though an invoice is generally system generated with a sale of a product, but sometimes, a
technician may be required to fill few fields in the invoice at customer site depending on the
circumstances. For example, in case of a faulty cable, a field technician may have to carry a
new part to replace and the invoice sheet for that part. But the invoice will be filled with the
details only if the faulty part is beyond repair and the customer agrees to pay for the new
part.

Fig. 5.4.3: A sample invoice

In addition to other forms, a technician may also need to adhere and fill a checklist for a
specific job/task. In order to fill the checklist, the technician should be able to read it correctly
and then fill correct responses based on the task completed. Typically, a checklist is usually a
Yes or No format where a technician has to simply tick the columns/fields. But sometimes,
there may be few fields for which the technician may need to write small sentences or
statements.
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Activity
Identify the documents that you need to submit to the customer after service/installation of
DCT:
•

Feedback form

•

Bill copy/Invoice

•

DCT handling manual

•

Complain copy

•

Service level agreement

Mention the columns that need to be filled in an invoice for replacing any faulty component
in a DCT service:
1. _____________
2. _____________
3. _____________
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Practical
Fill the invoice form given below for replacement of a coaxial cable on a customer site:
(Hint: Fill the details of any of your co participant in the practical)
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