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Abstract

Power Line Communications (PLC) is a recent and rapidly evolving technology, aiming
at the utilization of the electricity power lines for the transmission of data. PLC
technology opens up new opportunities for the mass provision of local, last-mile access at
a reasonable cost. PLC can furthermore provide a multitude of new Information Society
services — both in the energy and telecom domains - to residential and commercial users

that are difficult or costly to implement through other technologies.

PLC technology has a number of important strengths: it offers a permanent on-line
connection as well as symmetric, two-way communication; it has good performance, very
good geographical coverage, and is relatively cheap because most of the infrastructure is
already in place. Currently, the main weaknesses of PLC technology are that it is still in
the developmental stage.

It is likely not to be the only one: rather, it will be part of a range of complementary
technologies, because each technology yields a different compromise between
bandwidth, reach, noise immunity, and cost. This report starts by looking at access
technologies and describing the power line as a communication medium and then
frequency response and noise characteristics. A transmission technique (OFDM) that

avoids power line noise and uses the common modulation formats is also explained.

The results of this work shows that the power line technology can be used as a
communication channel for urban areas and fast developing rural areas. This is because

of the bandwidth is uses. A proposed future research for slow developing rural areas is

found in the conclusion.
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CHAPTER ONE

INTRODUCTION

1.1 RURAL TELECOMMUNICATION

“Economic development in Africa will depend heavily on the development of the
information sector. Countries will need the ability to communicate efficiently with local
and overseas markets. Many of the development problems facing African countries have
scientific and technological components that will require solutions to be developed in
Africa by African scientist, however lack of information is still a critical constraint” [2].
In rural areas, the sparse and scattered population pattern typically translates into high
costs to the carriers providing local and long distances services. Both state regulatory
commissions and the Federal Communications Commission have always said that
affordable telephone services must be available throughout each state — in the rural as
well as urban areas. But in the midst of the regulatory change, how can we be sure that

rural] subscribers will actually receive affordable phone services? [66]

The rural sectors of the Third World and, to a certain extent, newly industrialized
countries, are often subsistence economies whose primary function is to provide labour to
a more advanced and usually urbanised sector. These rural sectors are usually
characterised by the basic lack of clean and adequate supplies of water, food, fuel,
shelter, roads and power. It is difficult therefore to even attempt to prioritize
telecommunication development in rural areas until these basic need have been satisfied.
Rural telecommunication is an issue of concern because statistics shows that, most of the
populations in developing countries live in the rural and often isolated areas; therefore the
majority of the population in these countries do not have a ready access to a
telecommunication infrastructure. The facts show that, 12 % of the world’s population
resides in Africa with a tele-density ratio of 1.74 %. There are more phone lines in New

York or Tokyo than there are in the whole of Africa [2].



The provision of the various services in an urban area is usually not a very big problem
since a number of options are available ranging from wireless technology,
LAN/MAN/WAN, wireline networks, optical fibre cabling and VSAT. Recently many
authors have studied the technology viable for communication in non-urban areas and
low density in different environment especially in developing countries, by reflecting the
already available wireless technology adopted in some of urban areas of developing
countries. These wireless technologies are Cellular networks (GSM and WCDMA),
VSAT, Microwave based wireless access, TETRA (Terrestrial Trunked Radio), Cordless
(CT2, PHS, Digital European Cordless Telephone (DECT), Integrated/Combined
VSAT/WLL, Integrated/ Combined Microwave/WLL and proprietary Solution (e.g.
DaRT). All these technology differ in their basic capacity and coverage design. Some of
the technologies, which have realized to be the candidates for communications in such
areas, are VSAT/Satellite systems. But according to the indications in various developing
countries the project implemented using such communication media have either failed to
be implemented or those which have been implemented failed to satisfy the requirement
of communication in such areas [1]. The reasons behind this include the cost of
infrastructure of the proposed technology due to the few potential end users, hence
causing the failure of communication in non-urban and low-density areas in developing

countries.

The role of telecommunications in transmitting information can be particularly significant
in rural areas where alternative means of obtaining and conveying information such as
personal contact, transport, medical care and postal services are likely to be less
accessible. Thus, it is a fact that in Africa where population and economic activities
remains largely rural-based, sharing information is vital if Africans are to contribute to

finding the solutions to their own development problems.

Power line network is of basic consideration because the potential telecommunication
end users first consider having electricity in their household and business areas or tend to

implement the network from electrical power grid or private operators network. It has



been observed that in South Africa about 35.6 % of residences in rural areas and 67 % in
urban areas have managed to have electricity, while the average telephone tele-density
stands at 10,05 per hundred inhabitants. It has also been observed that the percentage of
the households with telephone in rural areas is 4.7 % as compared to 45.7 % in urban

areas [5] (see Figure 1.1).

————

Figure 1.1: Penetration of power lines and telephones in South African households

This is largely due to the distance between neighbours in rural areas and also the cost of
new infrastructure. If these figures are compared to that of the households with
electricity, it can be seen that if power lines are used as a communication channel, means

of communications will be at most people’s disposal.

Researchers have already investigated the applicability of Power Line Network for
communication in developed countries and already the possibilities of communication in
such medium have been realized. The power line networks have proved to have enough

bandwidth for communication at any data rate [1, 8 -10].

The limitation which is still hindering communications through this medium is the
regulations by communication authorities in various countries; for example in Europe,
CENELEC (European Committee for Electrotechnical Standardisation) standard have
regulated the operation frequencies and maximum power to be transmitted in PLC

environment {1]. The same applies to USA and Japan but differently from Europe, the



Japan and USA PLC both frequencies and power operations are differently and also only
frequencies have been regulated basing on radio operations frequencies. These have
caused researchers to review the operations in PLC. The frequency band and maximum
power to be operated is still under research in various countries, because PLC radiates
like antenna and can cause interference to other communication medium if it operates

under same frequency with for example wireless, normal broadcast radio and so on.

1.2 THE POWER LINE NETWORK

Telecommunication ngtwork PLC access
\ .
[ []
! { R
/ Backbone network @
_____ L
Fiber-optic ”Et‘”"'ff,u" Low-voltage power supply network
ngmﬁ;aldm-
-voltage power
supply network

Figure 1.2: PLC access network (Source: Intellon Corp [17])

The power line networks implemented in different countries have shown to have
similarities. A typical PLC access network is shown in Figure 1.2. In Europe for example
from households to distribution transformers the maximufn distance is 500 meters and in -
Africa it extends up to 1.2 km to distribution transformer and up to 5.2 km to primary

substation [4]. This, in PLC environment, is the called last mile. PLC in principle is



affected by noise, but this has shown to be similar with other communication channels
like cellular and radio, this limits the performance to be achieved. In developing countries
the telecommunication regulators have not yet considered PLC as a transmission medium
and nothing has been done to regulate it for communications. But still various companies
are operating locally. For example in Tanzania, Tanzania Electrical Supply Company
(TANESCO) i1s communicating in power line network high-tension grid basing on
CENELEC standard due to manufacturer of the equipment. Many researchers have
already pointed out that IP based network is the cost effective solution for
communicating towards non —urban and low density areas and technologies in
consideration include satellite [1]. The reasons behind this are that data networking
equipment is easily available at competitive prices, all links integrates data and voice
packets on per link basis, enabling higher channel utilizations and packets are acceptable
even when network is busy [1], [4]. In addition, in developing countries the power line
network is well established and where the network is not available can be implemented
because the electricity has been shown to be the basic requirement for development. In
KwaZulu — Natal, this can connect up to 175 house holds in non-urban areas per mini
sub-transformer. In addition, this type of technology will make more customers to opt for
communication because the network will be at their disposal. Hence having many
customers and cost effective technology of IP, and also the power line network which has
not only been implemented purposely for communication but for providing electricity

will enhance the operators to invest and also to make profits.
1.3 WHY POWER LINES FOR COMMUNICATION

The companies that provide Internet services have not been carrying on as usual. They
realize that users of the Internet are hungry for faster service than phone lines and 56k
modems currently provide. Additionally, many Internet service companies seek to
increase their profitability by offering Internet access, local phone calls, cable TV, and
perhaps long distance phone services to their customers in one relatively inexpensive

package. The solution is a high bandwidth network with links to each customer's location.



Implementing this type of network has not proven to be easy and not accessible and

affordable to rural population.

Telephone companies have offered high bandwidth lines for many years. For the most
part, the cost of these lines and the equipment needed to access them has limited their
usefulness to large businesses and remote areas. The lone exception has been Integrated
Services Digital Network (ISDN) that has won over some residential customers. ISDN
offers fast Internet access (128k) at a relatively low cost. Telephone companies have
begun to replace the phone lines that connect residences and business to the standard
telephone network with higher bandwidth lines. However, this process is costly and time
consuming. Such higher bandwidth networks will not be operational for several years to

come.

Cable television companies have also jumped into the Internet access market. The lines
that carry cable television are much faster than standard phone lines or even ISDN. The
major problem with cable TV's attempts at providing Internet access has been the
unidirectional character of cable TV lines. Cable TV lines are only designed to bring
information to the customer, not to get input from the customer. This fundamental flaw in
cable TV lines has increased the costs of developing Internet access services based on

them. Thus, most cable TV Internet access systems will not be ready for several years in

many counfries.

Wireless solutions have also been proposed, but have run into problems. First, the
performance and reliability of wireless solutions has not been up to the level of any of the
wire line solutions described so far. Second, the ability to send data from a customer to

the Internet requires much more equipment than simply receiving data. This additional

equipment makes wireless Internet access much more expensive than cable TV [6].

None of the available Internet access services offer the right balance of cost,

convenience, and speed. Power line communication technology, also known as PLC,



could change all that. It promises customers high speed Internet access through electrical
networks. Lower costs are achieved because the service is implemented on standard
electrical lines. The service is also convenient because it 1s already in many homes in
urban as well as rural areas. Internet access through power line would be at several Mbps,
which may be 20 to 50 times faster than a standard phone/modem connection. Most high
bandwidth Internet access schemes fail at the point of connection to residences and
businesses. The cost of connecting many individual points usually overwhelms the
project. Power line services are already connected to almost all residences and
businesses through electrical lines, thus making the service more economical for both

providers of the service and customers of the service.

Using electrical lines makes the service very convenient. There is no need for the bulky
apparatus associated with wireless access. The service does not tie up phone lines like
standard phone/modem connections, current implementations of Cable TV services, or
other phone line based services. Additionally, the system features constant access to the
Internet and much of the apparatus is already in your home. Power line offers very high
speed Internet access. Its performance far outclasses phone/modem connections and even
ISDN. At 1Mbps, customers of power line services could explore the Web, talk on the
phone, and watch a video-on-demand movie at the same time. All of these services are
available through the innocuous looking electrical lines currently in your home. Evidently

electrical lines were manufactured with more forethought than phone lines.

1.4 THE POWER LINE CARRIER SYSTEM AS USED BY ENERGY
INDUSTRIES

Power line carrier links form the information transmission backbone of many electrical
energy supply authorities throughout the world. The system, abbreviated to PLCS, has
been of great value in power system network control over the years, principally because it
offers a relatively economical solution to many information transmission problems.

Among the signals which can be transmitted securely and reliably by means of PLCS are



speech, teleprinting, telemetry (data), remote control (telecontrol), regulation, meter

reading and most important, line protection signals [7].

To understand more fully the description of a PLCS and its associated components, it
may be pertinent to describe briefly the power distribution system of the Electricity
Supply Commission (Escom) in the republic of South Africa.

Escom is subdivided into a number of licensed areas of supply called Regions. Each of
these regions has its own organization for construction projects and maintenance work
and Control Centre, which is responsible for switching operations on the power network
within that particular region. Each Regional Control Centre is tied to a National Control
Centre at Simmerpan near Johannesburg. Also within each region are a number of

substations and, in some cases, power stations.

These Power or Generating stations mostly situated in the Republic, supply electrical
energy to the interconnected grid and this power is then distributed to the consumers

within each Region.

Without going into detail it should be evident to the reader that the complex system of
power distribution outlined above could not be satisfactorily monitored, controlled and
protected without an efficient information transmission system. Such a system is required
between stations, between control centres and stations and of course between National
Control stations and Regional Control Centres. In most of these cases, power lines exist
between such as stations, which in physical form consist of one or two three phase lines
suspended by means of insulators from steel towers. Because these “hard wire” links are
already in use for the distribution of power, such a system lends itself, with some

necessary adaptation and interfacing, as a communications link. Hence the evolution of

the Power Line Carrier System (PLCS) [6, 7].

1.4.1 What Is A Power Line Carrier?



Just as in a radio system a low frequency (audio) signal is modulated and then propagated
as high frequency signal through free space by means of an antenna to some distant
receiving antenna, so is a power line carrier signal (audio frequency) modulated and
propagated as a high frequency signal along a power line. The text that follows describes
in simple terms the basic operation of such a system and some of the techniques and
problems associated with coupling the high frequency, low power carrier signal to a high
voltage 50 Hz power line. While it is not the intention of the author to dwell on
quantitative values, it may be of interest to point out, for comparison purposes, typical
magnitudes of power and voltage associated with a typical power line and a typical power

line carrier unit.

Typical Power Line

Phase to phase voltage - 400kV
Phase current - 2000 Amps
Power (neglecting phase angle) - 800 kW

- 89dBm
Frequency - 50Hz

Typical Power Line Carrier

Output voltage - 40V
Output power - 40W

- 46dBm
Frequency - 200 kHz

1.4.2 Description Of A Power Line Carrier System

The block diagram in Figure 1.3 shows the simplest form of PLC transmission system in
which the carrier equipment is coupled to a single phase of one power line. This is known

as phase to ground coupling. Other forms of coupling, which will not be described in



details at this point, include phase to phase coupling between two phases on the same

line, and coupling between phases on two different lines, known as intercircuit coupling.
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Figure 1.3: Block Diagram of Power Line Carrier System Coupled phase to ground

on a Single 3 Phase Line (Eskom Transmission [7])

Key: LT :Line Trap VF : Interface Equipment
CcC :Coupling Capacitor LMU :Line Matching Unit
PROT :Line Protection Equipment PLC : Power Line Carrier

1.4.3 The Power Line Carrier Unit

Fundamentally, the power line carrier unit consists of a transmitter and a receiver, usually
housed in a common cabinet, together with the necessary circuitry required for
interfacing the protection equipment and other inputs to the carriers. Also include in such
a cabinet is the protection signalling unit should carried protection be a requirement for a
particular line, which is usually the case for lines of 132-kV and above. It should be noted
that in some cases power line carriers are used purely for speech and data transmission

and as such are not equipped with protection signalling equipment.
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The frequency bandwidth of a power line carriers is 8 kHz, a separate 4 kHz range being
used for transmitting and receiving, these two ranges are however usually adjacent to one
another. This 4 kHz bandwidth is subdivided into two frequency ranges, separated by
means of sharp out-off filters, for speech and super audio or data information as shown in
Figure 1.4. Depending upon the type of carrier equipment, other particular frequencies
also occupy this bandwidth. For the purpose of explanation, certain aspect of the siemens
ESB 400 PLC will be described. This system is, in the true sense of the word, a single

sideband (SSB) system as the HF carrier is completely suppressed in the transmitter.

Protection Pilot
(TRIP) (Guard)
A A —]

7

T T

_—

0 300Hz 24k 2.7k 3.7kHz 4kHz

Telephony Telegraphy |
—_— -
(Speech) (Data)

Figure 1.4: Subdivision of the 4 kHz channel (Eskom Transmission 7D

The subdivision of the 4 kHz channel shown in Figure 1.4 is as follows: -
1. A speech channel with a bandwidth of 2.1 kHz from 300 Hz to 2.4 kHz.

. A combined pilot and signalling frequency (which can be shifted — frequency
shift keying — FSK) 2580 Hz.

li. A super audio channel with a theoretical bandwidth of approximately 1 kHz.

Iv. A protection channel capable of transmitting one or more independent intertrip

signals.
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The telegraphy channel is capable of accommodating a number of data channels for

example 5x50 bd, 2x100 bd or 1x200 bd, where bd stands for band and means bit/second.

The simple block diagram in Figure 1.5 illustrates the interconnection of the transmitter

(Tx) and receiver (Rx) units.

[eput
— Tx *
A T low koss
high >
hf . HF .
IF ! attenuation ., [——>€— coaxto[Muni
Osc | camier Bybd | —
bf, /
Outut Y ¢ Yo MY ks
<€ Rx

Figure 1.5: Interconnection of the transmitter to receiver units (Eskom

Transmission [7])

A hybrid, connected to the output of the transmitter and to the input of the receiver, acts
as a 2 to 4 wire converter since the coaxial cable from the power line carrier equipment is
the path for both the transmitted and the received signal, e.g. input and output. This
hybrid also provides a low loss path in the directions transmitter to line and line to

receiver but blocks the transmitted signal from entering its own receiver.

Two stages of modulation are usually employed, the low frequency signal, 0 — 4 kHz is
modulated in an intermediated frequency (IF) stage to around 20 kHz. (The TX and RX

in the Siemens equipment share a common IF oscillator).
This signal is then modulated in the final stage of the transmitter to the desired HF

frequency, typically between 50 kHz, from where it is fed via filters and a hybrid, co-

axial cable, and the line matching equipment to the H.V. line. The converse takes place
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on the receive side, the output from the receiver occupying the adjacent 0 to 4 kHz

channel. Figure 1.6 illustrates these concepts.

0-4kHz
O IF Mod > HF Mod
Speech and Data N 16-20kHz A
Tx HF Osc
Y HF output
3dB attenuation eg. 256-260 kHz
-
IF Osc > 40dB HF > N O
~ 20 kiz attenuation| Hybrid _— _—
10 dB attenuation HF mput
Y % eg. 260-264 KHz
Rx HF Osc
0-4kHz A 16-20kHz v
I'E .
Q= IF Demod [«€ Demod
IF carrier HF carrier HF carrier
Rx Tx
LF signal IF signal Tx Rx
/1 m >
1l g
0 4 16 20 244 256 260 264 276

Frequency m kHz

Figure 1.6: A detailed interconnection of the transmitter to receiver units (Eskom

Transmission [7])

(For simplicity the low frequency spectrum is illustrated as a single O to 4 kHz band)

It may be relevant to mention a few aspects for the protection of HV lines. As the reader

will appreciate, the amount of energy associated with equipment operating at say 400kV,

and carrying currents of up to 2500 A, is substantial. However, under fault conditions

details of which will not be discussed here, currents of hundreds of kilo amps may flow.

These currents, if not arrested within a few milliseconds, will cause a great deal of

damage to equipment and plant. The purpose of line protection, in whatever form, is to
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open the correct circuit breakers, and isolate faults as soon as possible after onset of the
fault condition. Normal distance relays will clear a fault in a time of, for example, 100 to
300 ms, which is often not fast enough so a power line carrier system is used which
facilitates the clearing of a fault in say 30 ms. Manufacturers are striving to reduce these
times still further. The main consideration when designing a protection scheme is a high

degree of reliability and security.

If the power line carrier is to be used for the protection of a high voltage line it is
equipped with a protection-signalling unit. This consist of a transmitter which transmits a
protection signal, usually a particular frequency within the 4 kHz channel, through the
power line carrier unit, and a receiver which processes the received breaker trip signal
and via some interfacing circuitry, uses it to operate a relay which in turns applies a
voltage and opens a circuit breaker in the HV yard. The transmitter receives the

command to transmit the breaker trip signal to the remote as follows (see Figure 1.7): -

HV Yard Fault > Protection > Interface | Protection PLC

sensing device Relay Equipment | signal unit | Transmitter

Transmit Trip
signal

Figure 1.7: Sending of a trip signal (Eskom Transmission [7])

Whereupon the distant receiver processes the received trip signal which opens the

required breaker (see Figure 1.8).

HV Breaker |« Protection €~ Interface | Protection PLC ¢
Relay Equipment | signal unit | Receiver Received Trip
signal

Figure 1.8: Receiving of a trip signal (Eskom Transmission (7D

The function of the interface equipment between the protection relays and the power line
carrier equipment is to isolate the relatively high voltage signal (110 or 220 V dc)
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produced by the relays from the delicate electronics inputs circuitry of the power line

carrier.

Most power line carrier transmitters cut the speech and data signals and boost the level of
the transmitted trip signal by 6 to 10 dB, during the transmission of the trip (protection)
signal, the duration of which is up to a few tens of milliseconds. The reason for this is
that during certain fault conditions on the line, the noise level increases dramatically, so
to maintain a reasonable signal to noise ratio, which will ensure correct receiver
operation, all available power is channelled onto the line in the form of the trip signal.
This signal is propagated over the power line to the remote end, where, via the

appropriate equipment, the breaker is opened.

1.5 POTENTIAL AND DIRECTIONS FOR NEW APPLICATIONS
AND SERVICES

This new technological and commercial environment will create vast new opportunities
for everybody and especially for the power utilities. A new type of ‘telecommunications
plus energy operator’ is emerging which will grow out of a mixture of the old type
monolithic telecommunications operators and old type power utility companies. This new

type of operator is expected to gradually replace the existing ones, eventually taking the

shape of a customer ‘Services Operator’.

This business development implies that the integration of ICT in energy systems is a
strategic technological area. Here, Power Line Telecommunications will have a dominant
role. Communication in general will enable the utilities to refocus their strategic intent,

change their organization and improve their customer orientation and marketing. Current

utility objectives are:
Cost reduction: - improve operations efficiency

- increase productivity

- improve asset utilization
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- outsource non-core functions

Customer retention: - Improve customer services

- retain revenue and load
- maintain competitive position

- gain new customers

New revenues: - develop new service offerings to both new and existing customers

- enhance services through communications functionality

Many of these are using PLT-enabled applications and services to help achieve their

business objectives. Below we list a range of such PLT-enabled services that are

currently being investigated and tested in Europe and elsewhere [69, 70].

Examples of operations-focused services

>

automated meter reading enables the utility to remotely obtain meter readings,
load and consumption data, and detect tampering and/or energy theft

remote connect/disconnect for example, create a final read bill while the
customer is waiting

multi-utility services provide service bundles for other utilities

network control operating efficiencies are targeted through automation of the
distribution network, allowing dispatchers or computer-based algorithms to
operate field devices to optimize the network (substatipn automation, dynamic
loading and Volt/Var control)

outage handling detect outages automatically and proactively notify customers
in addition to service restoration

power quality monitoring such as line conditioning to ensure that the service
is delivered according to set performance standards

predictive maintenance based on condition rather than on and field force

automation time
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Examples of customer-focused services

> aggregated, tailored billing for a number of customer premises

> appliance management individual appliances can be monitored and managed.
Customer can be informed if appliance has abnormal usage or appears
inefficient compared to modern alternatives

> customer load management electricity consumption based on time of use
and/or real-time pricing in response to economic signals that provide
incentives for more efficient use of energy; direct load control may be
included as an option

> energy usage management the customer information interface is used to
provide energy usage information and advice, as well as communications
regafding billing and new services offerings

> interactive services customer interface for enabling service delivery,
scheduling services appointments and selecting service options

» market pricing/availability market information regarding available options
provided by the utility and/or other providers

» comfort and savings intelligent home devices and network agents providing
home comfort and energy/cost savings functions

» Telecom intensive applications Fast Internet access (>2Mbps), electronic

commerce, IP telephony, Web TV, electronic content services in education

and entertainment, etc.
Today, the utilities are all working to prepare for the upcoming deregulation and to
prepare for the open domestic market. Especially in the domestic market, information
systems will be needed to handle the massive change into new flexible billing systems
and systems that provide enhanced customer service. These systems must not only

provide services towards the customers. The need is also to develop and focus on the
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utilities’ own internal efficiency. A number of ways are considered to cut management
and operational costs and to shorten repair times. Over the years 1980 - 1990, many
utilities reduced personnel and have today reached the level at which only limited
changes in this respect would be possible. The next step therefore is to incorporate more
efficient methods through better information management and through up-grading old
ICT systems [69, 70].

There is a trend to focus on increased efficiency, both when it comes to handling the
customer services and to run the installations in an optimized way. Management based on
condition rather than on time is one fast expanding area. Asset management is seen as
the area in which it is possible to provide the greatest potential for reduced costs and
increased efficiency in management and maintenance. Up till now, the SCADA systems —
Supervisory Control and Data Acquisition - have been installed on higher system levels
i.e. from production down to 50 kV. With the new communication and computer
possibilities, the observation and control platform has been expanded to include the
whole electric system, incorporating also some parts of customer systems/units. The

power grid for data communication is essential for this approach.

As an example, analysis of British utilities show a total predicted investment of close to 2
billions ECU in ICT systems over the next few years, of which half will be related to

customer and market systems. Those investments have been estimated to be allocated to

the main sectors as follows [69, 70].

Call centres: 30%

Customer databases: 30%
Billing and transactions: 25%
Smart cards: 5%

Remote metering: 5%

Maintenance: 5%
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Of the total ICT investment, the build-up of new telecommunications infrastructures is an
essential part whereby the power lines will yield advantages provided that the data
transfer is secure and efficient. All in all, from the viewpoints of both increased
operational efficiency and enhanced customer service, it is evident that ICT is a strong
competitive factor for tomorrow’s energy and electricity industry, as it is for today’s

telecom industry [70].

1.6 PROJECT OBJECTIVE

The primary objective of this project is to evaluate the performance of the power lines (in
terms of speed, access and bandwidth) and its applications, if used as a high speed large-
scale data transmitter and information carrier in its own right as compared to most
commonly used wire lines such as the xXDSL and Cable TV. The secondary objective is

to check its viability in rural telecommunication.

1.7 DISSERTATION STRUCTURE

Chapter 2: The focus of this chapter is on the comparison of the types of access
technologies available or proposed for rural telecommunication. Their merits and

demerits are weighed up leading to the proposing of a power line communication system

as an alternative network for communication in rural areas.

Chapter 3: Global deployment of the power line technology and problems encountered
are discussed in this chapter. Regulations and applications proposed by

telecommunications authorities are also looked at.
Chapter 4: Chapter 4 looks at the power line as a communication medium in its own

right. The focus is more on the transfer function of the channel, frequency characteristic,

limitations in terms of frequency spectrum, bandwidth and attenuation, how channel
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generates harmonics, influence of loading and services of PLC are discussed in this

chapter.

Chapter 5: A typical power line design for communication purposes is done and
explained in this chapter. The channel is characterised by a channel transfer function

H(f) and a subsequent additive noise term based on the OFDM transmission technique.

Chapter 6: Numerical and simulations results and also the discussion of these results is
done in this chapter. Attenuation factor a=107 and a=10, bandwidth of 2 MHz and 3
MHz are used to evaluate channel capacities, BER and SNR. Practical set up is also
discussed but using GMSK as a modulation scheme. Finally a solution to rural

telecommunication is proposed.

Chapter 7: Conclusion, recommendation and future research are done here.
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CHAPTER TWO

COMPARISON OF WIRELINE TECHNIQUES

2.1 WIRE LINE COMMUNICATION

The last mile, first mile, local loop, access network: Whatever you choose to call it, the
“meaning's the same, that part of the telecom network that links users with broadband
services. There are many techniques to do that and this chapter tries to cover some of

them.

Traditionally basic users have used a modem connected to PSTN to access the Internet.
There are many emerging solutions to the faster last mile access: ISDN, ADSL, Cable
modems, hybrid fibre coax, fibre-optics, etc. Broadband was the mantra of the dot-com
and telecom booms, and is being offered as a magic elixir for curing the woes of the high
tech sector. There are interesting dynamics to the financial and technological scenes that
suggest broadband access may arrive very soon to very many people. Fibre-to-the-home,
widely regarded as the Holy Grail of residential broadband, might never become

widespread, because of other competing technologies that make the use of existing
infrastructure [8].

2.2 ISDN (INTEGRATED SERVICES DIGITAL NETWORK)

ISDN (Integrated Services Digital Network) is a digital telephone line which allows
normal telephone operation and data communications at speeds of 64 kbit/s and 128
kbit/s using normal home telephone wire. Using the same copper phone line that modems
use, ISDN delivers a considerable speed improvement up to 128 kbps and provides
essentially perfect transmission reliability. And ISDN can mesh into other digital
technologies, such as Frame Relay and ATM, making possible future speeds several
times higher even than 128 kbps.
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The "Integrated” part of ISDN's name refers to the combining of voice and data services
over the same wires, so computers can connect directly to the telephone network without
first converting their signals to an analogue audio signal, as modems do. This integration
brings with it a host of new capabilities combining voice, data, fax, and sophisticated
switching. And because ISDN uses the existing local telephone wiring, it’s equally
available to home and business customers. Most important for Internet users, however, is
that ISDN provides a huge improvement in access speed at only a fractional increase in

cost.

ISDN service is available today in most major metropolitan areas and almost throughout
the country in USA, Canada, Far East and in most European countries. They are also
widely available in urban areas of South America, Middle East, Northern and Southern
Africa. Many Internet Service Providers (ISPs) sell ISDN access. The ISDN connection
price depends on your local telephone company, equipment budget, and ISP. An Internet
ISDN connection consists of three components: the ISDN line itself, the equipment and
the ISP's fees.

\ ISDN provides a raw data rate of 144 kbps on a single telephone company (called Telco
\vu; the business) twisted pair. To better suit voice applications, this 144 kbps channel is
partitioned into sub channels: two 64 kbps B (for bearer) channels and one 16 kbps D (for
data) channel. Each B channel can carry a separate telephone call and usually has its own
telephone number, called a Directory Number (DN). You can combine the two B
channels together to form a single 128 kbps data channel through a process called
bonding'.? 'fhe B channels carry customer voice or data signals. The D channel carries
signdﬁe:,ween the ISDN equipment and the phone company’s central office. The two

bearer plus one data channel is called the Basic Rate Interface (BRI) or sometimes just
2B+D.

. Because ISDN is purely digital, the telecommunication companies can more easily
deliver data intact from end to end, largely eliminating the effects of noise. And because

the 64 kbps channel is essentially a pure "bit pipe," with no rate negotiation or
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handshaking involved, there are no modem speed or protocol differences to cause
conflicts. In fact, because the negotiation phase with ISDN is so simple, ISDN takes only
a second or two to dial and establish a connection (modems may take as long as a minute

to accomplish the same thing).
2.3 DSL (DIGITAL SUBSCRIBER LOOP)

DSL (Digital Subscriber Line) is a new, digital data-connection method that allows high-
speed Internet connections over standard telephone lines. A standard telephone
infrastructure around the world consists of a pair of copper wires that the phone company
installs in your home. A pair of copper wires has plenty of bandwidth for carrying data in
addition to voice conversations. Voice signals use only a fraction of the available
capacity on the wires. DSL exploits this remaining capacity to carry information on the

wire without disturbing the line's ability to carry conversations.

To use DSL, a DSL. modem or DSL router is required. They work with the same single-
copper-wire pair that telephone services use, but they contain sophisticated digital signal
processors that take advantage of a much greater range in the frequency spectrum. The
result is much higher bandwidth capability than standard telephone service and modem
combinations. There are many related technologies like HDSL, HDSL2, ADSL, SDSL,
RADSL, VDSL and many other which are commonly referred to as DSL or xDSL
technologies [6].

2.3.1 ADSL (Asymmetrical DSL)

ADSL (asymmetrical DSL) is a DSP-based communications technology that can
dramatically increase the speeds of data communications over the typical copper wiring
that connects most homes and businesses to the public telephone network. ADSL can
transfer data up to megabits per seconds speed and is particularly well suited to Internet-
related communications. DSL normally only works within a certain distance (typically

5500 metres) of the telephone company central office and is therefore unusable for many

23



rural and semi rural customers. The performance (data rate and error rate) of DSL depend

on used wiring conditions (line length, line noise, etc.) and the used DSL technology.

For loops beyond 5.5 km, the signal loss at frequencies above 1 kHz is excessive, making
voice transmission unacceptable. Series inductors (typically 88 mH) placed at 1.8 km
intervals result in flatter frequency response across the voice band at the expense of much
greater loss at frequencies above the voice band. As a result, DSLs will not operate on
loaded loops. Figure 2.1 illustrates the effect of loading on frequency response. In the
1970s, prior to the massive deployment of digital loop carrier, 20% of loops were loaded.
In rare cases, loading coils are found on loops shorter than 5.5 km. To permit DSL
operation, loading coils may be removed. However, an expensive effort is required to
find and remove the loading coils. In Europe, loops beyond 5.5 km are rarely found, so

loading coils are not used.

A loaded loop

(/

Received Signal
Level

/’ non-loaded loop
|

| —
3 kHz Frequency

Figure 2.1: Loaded loop frequency response

ADSL is the most common technology used to provide broadband Internet connections to
homes and small offices. This technology offers potential to up to 6.8 Mbit/s downlink
(256k or 512k being typical speeds used) and uplink speed up to around 700 kbit/s
(typically 256k or 368k) [7, 8 & 9]. ADSL technology can coexist in the same line with
normal analogue telephone line (PSTN). When the same line is used for both ADSL and
PSTN, some special filters are needed between the line and PSTN devices to filter out the

24



ADSL high frequency signals from entering those devices. ADSL can not coexist on the
same line with ISDN system because they operate at same frequency range. ADSL
connections are always built between the terminal device on the user premises (ADSL

modem) and the central office device (ADSL DSLAM).
2.3.2 SDSL (Symmetrical DSL)

Symmetrical DSL (SDSL) is a technique which transports fast digital signals through
telephone line wiring. SDLS system transfers the data at the same speed to both
directions (typically from 256 kbps to few megabits per second) through telephone line
wiring. Two suitable SDLS modems can be connected to each other through some

kilometres (typically below 5-10 km) of telephone line (leased line).
2.3.3. VDSL (Very High Bit Rate DSL)

The newest competitor in the field is VDSL. VDSL stands for very high bit-rate DSL. It
is seen by many as the next step in providing a complete home-communications or
entertainment package. VDSL provides an incredible amount of bandwidth, with speeds
up to about 52 megabits per second (Mbps). VDSL's amazing performance comes at a
price: It can oniy operate over the copper line for a short distance, about 1200 metres. As
from the year 2002, products seemed to be still limited to around 15 Mbit/s speeds.

DSL is a distance-sensitive technology, as the connection's length increases, the signal
quality and connection speed decrease. ADSL service has a maximum distance of 5460
metres between the DSL modem and the DSLAM, though for speed and quality of
service reasons, many ADSL providers place an even lower limit on the distance. At the
upper extreme of the distance limit, ADSL customers may experience speeds far below
the promised maximums, whereas customers close to the central office or DSL

termination point may experience speeds approaching the maximum, and even beyond

the current limit in the future.
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2.4 CABLE TV DATA

Many traditionally one-way cable TV networks have nowadays converted to two-way
data highways by adding two way operation to the cable TV network amplifiers and
connecting cable modems to the cable TV network. Cable modems are devices that allow
high-speed access to the Internet via a cable television network. While similar in some

respects to a traditional analogue modem, a cable modem is significantly faster.

There are different cable modem systems in use. Some cable companies have "one-way"
cable modem service. In this system, communications in the down direction is by cable
but the return path is by conventional telephone line and telephone modem (33 kbps).
Two way cable systems transmit data in both directions via cable and therefore do not
need a telephone line. Uplink speeds are typically higher than 56K modem but not as
high as downlink speeds. Downlink speeds are typically at least several hundred kilobits

per second.

Cable modem service is typically provided as always-on service. A "Cable Modem" is a
device that allows high-speed data access (such as to the Internet) via a cable TV
network. A cable modem will typically have two connections, one to the cable wall outlet
and the other to a computer (PC). Most cable modems are external devices that connect to
the PC through a standard 10Base-T Ethernet card and twisted-pair wiring. Cable modem
speeds vary, depending on the cable modem system, cable network architecture, and
traffic load. An asymmetric cable modem scheme is most common and is specified in the -
DOCSIS, EuroDOCSIS and DVB Euro Modem standards. The downstream channel has
a much higher bandwidth allocation (faster data rate) than the upstream.

The dominant service offered by cable modem is high-speed Internet access. Many cable
TV operators are packaging high-speed data services much like they do basic cable

television service.
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Cable modem systems are generally implemented as a very asymmetrical system. There
is fast download and slower upload. All the network traffic is controlled by the operator
system, it gives different modems rights to transmit and control what they receive. The
cable modem systems are generally built so that the user cable modem can only
communicate with the access router in the operator premises. This device then forwards

the traffic to where-ever the user wants to communicate and the operator policy allows.
2.5 POWER LINE COMMUNICATIONS

fI_’»ower line Carrier is a communication technique that uses the existing power wiring (120
._{/ﬁolts, 240, etc) to carry information. It is a kind of "wireless” means of communication,
because PLC technology can supersede the installation of dedicated wiring in some
applications. Various applications use PLC technology from power company equipment
controlling to computer npetworking.’ The two main reasons why there will be
communications problems with PLC- transmissions are low signal level and noise or

interference.

Typical frequency ranges used in power line communication is from 30 kHz to 150 kHz.
In Europe mains power line communication is standardized at 1991 in EN 50065-1
standard. EN 50065-1 is defined to standardize signalling on low-voltage electrical
installations in the frequency range 3 kHz to 148.5 kHz. It gives general requirements,
frequency bands and electromagnetic disturbances. The frequency range of EN 50065-1
is split to four different frequency bands. In the A-band, the carrier signal can be from 9
kHz to 95 kHz where electricity suppliers and their licensees are permitted to
communicate. Power lines can also be used for other applications; the C-band is for
consumer use with an access protocol. This band goes from 125 kHz to 140 kHz.
Between the A-band and C-band is the B-band, used for consumer without an access
protocol so this band has some freedom of communication. Devices can interfere with

one another and baby alarms use this band. |
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Above 150 kHz, communication is prohibited in Europe. But in USA those higher
frequencies are usable. Popular "wireless" intercom systems for example operate at

around 150 kHz to 500 kHz frequency range.

The power line environment is a hard environment for any communication. For example
vacuum cleaners, hand-held drilling machines, etcetera which use universal series wound
motors generate a lot of impulse noise to power line. TV-sets are a very common source
of distortion. Light dimmers are also a source of mains noise. Switch mode power
supplies use high frequency components, and usually a lot of tonal noise is generated.
Everything can change over the frequency range, both the attenuation, phase response
and noise level. The channel response (amplitude and phase) between any two nodes on
the power line varies greatly with frequency; at some frequencies the signal is attenuated
such that it is lost below the ambient noise floor. Figure 2.2 shows a noise power
spectrum density in good and foul weather respectively (foul weather in this case is
referring to lightning and thunder storm). As a further complication, the noise and
channel response of a power line network vary over time. Generally, the channel’s
characteristics are stable over the time required to send numerous packets [16]. If a

packet is lost due to changes that occur during transmission, the packet is re-transmitted.
To compensate for these effects, this work explores signals using a frequency band from

2 to 20 MHz as proposed in the Part 15 of the FCC rules. Spreading the signal out over a
wide band increases the probability that a portion of the signal can be received
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Figure 2.2: Noise Power Spectrum Density in good weather (left) and foul weather
(right) (Eskom Transmission [7])

Broadband over Power Line (BPL) is a form of power line carrier technology that uses
existing low and medium-voltage power lines to deliver broadband services to homes and
businesses. BPL proponents, primarily electric power utilities, are testing BPL systems in
several markets. BPL uses frequencies between 2 MHz and 80 MHz. Radio amateurs fear
that BPL could affect HF and low-VHF amateur allocations wherever it's deployed. The
problem in using the open wire medium voltage lines is potential radio signals radiation
out of the wires. Electrical transmission lines were designed to conduct 50- or 60-Hz
power from point to point. At those frequencies, power lines are excellent transmission
lines and little of that 50- or 60-Hz power is radiated. The electric-utility industry also
uses those lines at frequencies below 490 kHz to transmit Power Line Carrier signals to
control utility equipment. Those lines, however, were not designed to carry

radiofrequency energy. As the frequency of carrier-current signals conducted on power
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lines is raised, the amount of signal radiated from the line increases rapidly. The gain of
the power-line as a radiator increases rapidly with frequency. A radiating conductor with

relatively low emissions at 0.1 MHz can have emissions tens of dB higher at HF.

2.6 COMPARISON BETWEEN VARIOUS ACCESS
TECHNOLOGIES

In order for one to understand the merits and demerits of access technologies, we look at
home networks as an example. Once the decision to add a home network has been made,
consumers will expect it to be easy to install, reasonably priced, and require low-
maintenance. There are currently three broad categories of home networking
technologies: special network wiring such as CATS, co-axial cable, or telephone lines,
wireless networks, or power line networks. Refer to Table 2.1 for a review of these three
alternatives. While each of the alternatives has its appeal, most homeowners will want a
solution that is easy to install and easy to use. They do not want high maintenance. They
do not want to disrupt their homes to put the network in place, pulling cable through the
walls or punching holes for jacks. They do not want to have to open their PC or other
device and screw in cards. Most car owners do not do their own maintenance but they do

like to drive. Plug and play is the preferred mode of use.

Network comparison at a glance

Special wires Wireless Power line
Pros - Dedicated connection - Nodes available almost - inexpensive
everywhere - built-in encryption for
security

- many nodes available
- single standard

Cons - ngeds new wires - added cost to devices - not ideal for handheld
- difficult to add nodes - older hardware needs adapter devices
- expensive to retrofit - no single standard

- possible security issues

Table 2.1: Network comparison at a glance (Source: Spectrum [3,72])
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There must be adequate connection points available. The number and location of special
wiring nodes must be specified at the time of construction and it is not easy to foresee all
the applications the network will have to support in future. Finally, the cost must be
reasonable. Adapting older devices and adding new network nodes add to the expense of

installing a home network.

Power line networks provide the consumer with a low cost, convenient option. As with
phone line networks (and other networks using special wires), no antennae or RF
conversion hardware is required, making power line inherently lower in cost than a
wireless solution. Using power lines for a home network provides many connection

points for network devices.

As most devices will require a power source, the outlet is a convenient connection point.
.. Power line networks use a single industry standard to ensure that all power line network
devices will be interoperable.l There are several alternative technologies, besides PLC, for
the provision of the Information Society local access infrastructure and services. Each
technology has its own strengths and weaknesses. A state-of-the-art comparison between
PLC and some other relevant technologies is presented in Table 2.2.
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+ Good Performance

+ Pemmanently on line
— Immature

+ Currently at the trial stage

— Length of local loop affects performance

Copper/ PSTN ISDN Cable Modems
+ Mature and robust + Mature and robust + Excellent performance
+ Good installed base + Widely available + Permanently on line
+ Wide chpice of product — Expensive for consumer — Limited geographical coverage
+ Easytoinstall / e market — Currently only available in limited trials
+ Refatively cost effective | | _ ) qermand only — Contention based
— Relatively slow
— Ondemand only
Copper / ADSL-Lite PLT

+ Good Performance
+ Permanently online

+ Good geographical coverage

— Still at the developmental stage
— Noinstalled base

— Distance limited
— Possible problems in meshed power networks

Table 2.2: State-of-the-art comparison between PLC and other relevant technologies

(Source: Mason Communications Ltd [10])

A technology comparison must not only take into account the state of the art today, but

should also look at the ease of development and improvement in the near future. This is

done in Table 2.3, which compares the upgrade paths for various technologies.
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POWER LINE
COPPER / CABLE TV FIXED RADIO TECHNOLOGY
PSTN1) NETWORKS 2) (WLL) 3) 4)
Broadband
T > 1 Mbs 4 4 A +
I | !
Wideband Introduction of Introduction of | Introduction of +
128 kb/s - 1 Mb/s ADSL cable modems brpadband radio
Customer Midband up to +
Bandwidth 128 kb/s -— - -
Multi-telephony Requires Requires Requires +
(minimum data) | additional build additional build additional build
Telephony
(minimum data) + + + +

1) Copper twisted pair

2) Hybrid fibre coax with copper termination for telecoms
3) NORTEL proximity - 1 radio system

4) Based on OFDM implementation protocol

Table 2.3: Comparison of access technology upgrade paths (Source: Spectrum

[3,72])

Hence, the upgrade path for PLC technology is highly attractive compared to other local
access technoiogies in terms of implementation requirements. Other access
infrastructures require significant capital investment to deliver more than one or two
tel