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maximum requirement of less than 100 kilowatt, must still purchase their electricity
from locally based Public Electricity Suppliers (PES). From the 1 April 1998 the
requirement to purchase electricity from a locally based Public Electricity Supplier
will be abolished entirely, creating a potential market of 22 to 23 million domestic and
industrial customers.

The research detailed in this thesis is a direct result of the privatisation and restructuring
of the United Kingdom Electricity Supply Industry (ESI). The main objective of the
research is an investigation into the design and application of Power Line Carrier
Communication and Remote Meter Reading for use in Integrated Services and Broadband
- Integrated Services Digital Networks which could be used in this potential market of 22
to 23 million domestic and industrial customers.

The thesis is organised to form a natural progression, commencing with a review of
the effects of the privatisation, deregulation, growth, and fragmentation of the United
Kingdom Electricity Supply Industry (ESI), which establishes the fundamental need
for a Remote Meter Reading system. The progression ends with a proposed method
for carrying metering data, from a customer to a Centralised Collection Centre, using
Power Line Carrier and a Broadband Integrated Services Digital Network over an
Asynchronous Transfer Mode (ATM)/Synchronous Digital Hierarchy (SOH)
Transport Network.

The research carried out highlights the present problems in reading utility service
meters, including manual and automatic, and therefore possible alternative methods of
meter reading are proposed. It is also shown that the greatest technical and economic
challenge of any Remote Meter Reading system is the provision of a communications
access network to each customer. Since the Regional Electricity Companies already

v

own the Low Voltage Distribution Network that reaches into nearly every home or
business, Power Line Carrier is therefore suggested as optimising the use of the
available resources of the Regional Electricity Companies as a suitable access
communications network for Remote Meter Reading.

One of the main issues that occurs in Remote Meter Reading concerns the protocols
that should be used. Design decisions that affect the choice of protocols for Remote
Meter Reading are researched in Chapter 2, not only on a local but also on a second
tier supply basis, where the originating supplier may use an independent third party to
actually distribute the electricity to the customer, are used to suggest a reduction in
the design complexity of a possible Wide Area Remote Meter Reading Network. It is
further proposed that such a Wide Area Remote Meter Reading Network should be
designed as a series of sub-networks or layers, with each higher level sub-network
being built upon a lower level subnetwork or preceding layer. The set of layers, and
the protocols associated with those layers, is suggested as being what actually
detentrines the effectiveness of the network architecture of any Remote Meter
Reading communications system. How such protocols and architectures, which
propose to use the Low Voltage distribution network, should be developed in
compliance with the principles laid down in the Open Systems Interconnect (OSI) 7
layer model and also work by the European Committee for Standardisation (CEN) is
further investigated. Of particular relevance to this research area is work being carried
out by CENELEC SC 205A, Low Voltage Mains Signalling Committee, on the
deftnition of the protocol stack for automatic remote meter reading. The layered
model chosen for this purpose, the 3 layer model, is also compared with the
established OSI 7 layer model.

VI

It is shown in Chapter 3 that the Low Voltage Distribution Network is a hostile
environment to the actual frequencies used for Power Line Carrier operation and
following a detailed research and analysis, of the existing and potential modulation
systems that could be used on power line, proposes a Frequency Hopping modulated
Low Voltage Signalling system to maximise the data rate whilst still overcoming these
problems. The resultant maximum bandwidth/data rate ratio analysis, in conjunction
with proposals made in section 2.10, on metering data formats and structures for
Remote Communication, would make such a metering system, in isolation,
uneconomic, but further suggests that the bandwidth available with a Frequency
Hopping modulated Low Voltage Signalling system would allow the deployment of
other Value Added Services, such as telephony, security monitoring and possibly
video, in conjunction with Remote Meter Reading, over the Low Voltage Distribution
Network to reduce any cost impact.

In Chapter 4 Radio Remote Metering Systems are considered as a clear alternative to

Power Line Carrier Communications given conditions where even Frequency Hopping
Power Line Carrier signals could prove impracticable or impossible. It is proposed
that Radio Metering Systems offer an economic and flexible alternative to Power Line
Carrier Communication and such radio networks are also researched and the fmdings
reported.

The exact future of the copper local loop used in traditional telephone networks is the
subject of continual debate, as copper based technology becomes developed for ever
increasing bandwidths, the case for a Remote Meter Reading system based on Basic
Rate ISDN(BRI) and Primary Rate ISDN (PRI) is discussed in Chapter 5, in terms of
both the economical and technical advantages and disadvantages such a system could
provide.

VII

SOH equipment is now being deployed as a real technology for transporting
Broadband ISDN services, such as ATM, and is suggested as forming the next
generation of transportlbackbone networks for communicating large volumes of
metering data. Given the real competition and economic effectiveness available in
using the ATMlSDH circuits provided by most PTOs, in conjunction with the
enhanced network management facilities available, an ATMlSDH network is shown in
Chapter 6 as providing the foundations of a communications architecture, by offering
a flexible, resilient and cost effective transport network, not only for communicating
remote meter reading data but also potential Value Added Services such as telephony,
security monitoring and video.

It is proposed as a result of the research carried out that in most instances the previous
work on Remote Meter Reading systems has offered only partial and fragmented
solutions. An integrated approach is suggested to the transportation of remote metering

data, where, by using a Frequency Hopping Low Voltage Signalling System to provide the
Customer Access Network element of the system, and a Broadband Integrated Services
Digital Network the main Transmission element of the system, a complete Remote Meter
Reading system can be achieved. 1bese findings do however also anticipate that the main
utility providers, Gas, Electricity and Water, who will require such a Remote Metering
system, can, in certain cases, face varying Customer Access Network Infrastructures
which may not all be serviced by using a Power Line Carrier system. On this basis
therefore, and where necessary, a pragmatic reconciliation of such structures with other
available communications technologies is suggested, and for completeness, although ISDN
and PLC are generally proposed for the main communications links of a Remote Meter
Reading system other technologies including radio have been investigated. For the
practical implementation of Remote Meter Reading systems an attempt has also been
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made to recognise the possible strategic objectives of the Utilities concerned, in tenns of
financial, geographical restrictions, cost effective communications facilities and economic

targets. For these reasons it is shown in Chapter 7, in a typical example, how the
combination of an Integrated Services Digital Network (utilising an ATMI Synchronous
Digital Hierarchy Transport Network) and a Power Line Carrier System, may be the most
efficient engineering solution, for Regional Electricity Companies, whilst the additional use
of Radio in a hybrid topology may be required by the Water and Gas Utilities, for the
transportation of data from a Remote Meter Reading system.

It is concluded that the main objective of the research, an investigation into the design
and application of Power Line Carrier Communication and Remote Meter Reading for use
in Integrated Services and Broadband - Integrated Services Digital Networks which could
be used in a potential market of 22 to 23 million domestic and industrial customers,

has been achieved, and a suitable design architecture and associated network management
system proposed. Power Line Carrier though is very much in its infancy, compared to the
other 'communication technologies, such as radio, and may require further research, for
example, a detailed Electromagnetic Magnetic Compatability (EMC) analysis
incorporating many of the new standards which are now being created, on other systems
outside the Low Voltage Distribution Network. It is also suggested in Chapter 8 that
further research is required into a number of areas, such as filters, that are not only relevant
to the development of Remote Meter Reading but the provision of further Value Added
Services such as Security Monitoring, Telephony and possibly Video over the Low
Voltage Distribution network which could reduce the cost impact of implementing a
Remote Metering System
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Chapter 1. Customer Communications and Metering
Technology
1.1 Introduction
The Electricity Supply Industry (ESI) in the United Kingdom was nationalised in
1948 and a new organisation formed to provide for the generation, transmission
and local distribution of electricity supplies. In England and Wales this new
organisation had a three tiered structure consisting of the Electricity Council, the
Central Electricity Generating Board (CEGB) and the Area Boards.

The role of the Electricity Council [6] was to advise the government on electricity
matters, maintain industrial relations, and also provide a forum for policy
formulation. In this last role the Council established and raised the capital
necessary to support investment programmes included in which was the
consideration of tariffing structures to secure revenue. These programmes were
supported by technological research into the generation, transmission, distribution
and utilisation of energy whilst compatible economic research was also carried out
into consumer's habits, demand characteristics and the forecasting of demand. The
Council delegated the every day matters concerning generation and transmission
to the CEGB who constructed, owned, operated power stations and transmission
lines, and carried out research into generation and transmission technology. The
Area Boards were responsible for the supply and distribution of electricity.

Within this nationalised Electricity Supply Industry the CEGB was responsible for
the generation of electricity in England and Wales. The Electricity generated was
transported through the National Grid to a number of 'Bulk Supply Points' from
which the electricity was received by 12 Area Boards and distributed to customers

through the boards networks. In certain instances the larger industrial customers
could also buy their electricity direct from the National Grid.

For approximately forty years, from 1948 until 1988, the Electricity Supply
Industry [6] was owned and operated as a state run monopoly. In 1988 however a
Government White Paper proposed the privatisation of the Electricity Supply
Industry along with a new operational framework to establish efficient and
competitive energy markets, wider ownership, and the rights of both customers
and suppliers. The White Paper proposals were implemented in the Electricity Act
of 1989 and the Act formally came into force on the 31 st March 1990

The Act led to a deregulation in 1990 and the original companies were floated on
the stock market. In this new restructured United Kingdom Electricity Supply
Industry, the generation resources of the CEGB were divided between the new
generating companies, PowerGen and National Power. Nuclear power stations
were transferred to Nuclear Electric which was initially retained as a public sector
company.

The National Grid was vested in the National Grid PLC which also took on the
responsibility of the CEGBs Pumped Storage Power Generation stations.

The 12 Area Boards became the 12 Regional Electricity Companies (RECs) or
Public Electricity Suppliers (PES), as shown in Figure 1, and these RECs jointly
own the NGC. Figure 1 also shows the subsequent bidders for some of the original
RECs. The NGC retained its monopoly over electricity trade between generators
and suppliers in the wholesale pool market.
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Figure 1 - Original REC Franchise Areas

The Electricity Council [6] was reorganised during privatisation to form the
Electricity Association, the trade association for the privatised companies.

1.1.1 The United Kingdom ESI Regulatory Environment
The National Grid Company (NGC) is the only current holder of a transmission
licence for England and Wales. Included within this licence are the following
obligations and responsibilities:
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a. The operation, maintenance and development of the main interconnected
transmission system in England and Wales.

b. Scheduling and despatching generating links in England and Wales, and power
from France and Scotland.

c. Providing quality of supply including frequency and voltage.

d. Managing the operation of the electricity market place.

The RECs are now statutorily required to supply electricity which used to be the
responsibility of the CEGB. To fulfil this demand the RECs need to contract the
required amount of capacity from the electricity generators, who will build any
new generating capacity. This means the RECs have to forecast their demand with
accuracy, reliability, quality constraints, and has led to the imposition of further
requirements on the industry such as:

e. Controlling the distribution of energy at more efficient and economic levels.

f. Meeting Customer requirements.

g. Maintaining or improving the profits necessary for a private company's
survival.

These additional demands have been a major factor in determining a number of
developments in metering and associated technologies now taking place in the
industry, many of which should result in a high level of functional integration and
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cooperation between the Regional Electricity Companies whilst still allowing each
REC to retain independent control of their own companies destinies.

In previous years most of the development to meet the type of demands now being
imposed on the Electricity Supply Industry, including metering and the associated
technologies, was under the control of the large but mainly benign, government
controlled regional area boards. Since deregulation however the situation, as
shown in Figure I, has changed and the RECs formed when the old Area Boards
were disbanded have attracted the attention of investors, both beneficial and
predatory, who also must look to the RECs to be profitable. Not surprisingly some
form of legislative control was necessary to balance these different demands and
ensure that standards were maintained in the industry.

1.1.2 The Office of Electricity Regulation (OFFER)
The Office of Electricity Regulation (OFFER), under an independent regulator,
the Director General of the Electricity Supply (DOES), is responsible, to the
Secretary of State, for ensuring that the provisions of licences under which the
industry operates are adhered to. OFFER has not found its task easy. Regulation in
any shape or form is likely to have a major effect on the future evolution and
corresponding profitability of the United Kingdom Electricity Supply Industry.
The complexities of the United Kingdom Electricity Supply Industry, which are
explained in more detail in Chapter 2, have proved to be a considerable challenge
to the political and legal minds of OFFER and the results of their efforts have left
few who have been entirely satisfied with their work. OFFER has the imposing
task of balancing the conflicting interests of business and domestic customers,
equipment suppliers, and the RECs, within a regulatory framework which must be
seen to be open and fair. At one extreme is the view of a strictly regulated
Electricity Supply Industry as a natural monopoly, whilst at the other is that of a
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competitive, free market environment with minimal regulatory constraints.
OFFER must provide solutions for the Electricity Supply Industry that lie
somewhere between these two extreme views.

1.1.3 Pricing Structures in the United Kingdom Electricity Supply Industry
Before privatisation, electricity prices were set by the Electricity Council at levels
intended to meet financial targets set by the government. There was little if no
connection between how prices were set and how the CEGB scheduled and
dispatched its generating capacity to meet demand.

On the 31 st March 1990 a new market was established for the trading of electricity
between generators and suppliers. This new market was established on two
principle characteristics associated with the physical generation and supply of
electricity in an integrated system:

a. It is not possible to trace electricity from a particular generator to a particular
supplier.

b. It is not practical to store electricity in large quantities, so that constant
matching of generation to demand of electricity is required.

For these reasons, electricity generated in an integrated system is 'pooled' to meet
demand. This 'Pool' exists as a mechanism to allow trading between generators
and suppliers but does not itself buy or sell electricity. Bulk buying and selling of
electricity is done at wholesale prices and calculated according to 'Pool Trading
Rules' .
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1.1.4 The Settlement System
The Settlement System is a computerised system used to calculate prices and to
process metered, operational and other data which is used to calculate the
payments due under the pool trading arrangments. The system takes information
from generators and suppliers, and also produces a forecast of the price of
electricity on the following day. At 10.00 a.m every day the generators bid into the
Pool how much electricity they are willing to generate from each of their power
stations for every half hour period (Settlement Period) of the following day, and at
what price. They also define the output available from each plant, start up
requirements, loading information and other technical characteristics. All the bids
are taken together and used to form the Merit Order, with the cheapest plant first.

The National Grid Company prepares a notional schedule by selecting plant in
merit order to meet projected half-hourly demand, with a reserve capacity of about
1000 MW. The resulting Pool Purchase Price for each half hour period of the
following day is advised to all generators and suppliers by 4 p.m of the previous
day, and is published in the national press. Prices are in pounds per megawatt-hour
rounded to two decimal places. To convert the megawatt prices to pence per
kilowatt-hour, divide by ten. For example 16.86 poundslMWh hour becomes
I.686p/KWh. Prices for electricity, determined for the purposes of the electricity
Pooling and Settlement Arrangements in England and Wales, might appear in the
list form shown in Table 1.
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Final Prices
for Trading
on 02.02.97

Pool
selling
price

period
ending
0030

Provisional
Price for
Trading on
02.02.97
Pool
Purchase Price
PoundslMWh
19.47

Pool
Purchase Price
PoundslMWh
35.10

PoundslMWh
35.10

0100

19.47

39.90

41.03

0130

19.47

35.10

35.10

0200

19.47

39.90

41.03

2400

16.07

22.34

23.47

V2 hour

Table 1 . Prices for Electricity, determined for the purposes of the electricity
Pooling and Settlement Arrangements in England and Wales

The Settlement System mirrors the selection of actual generators and calculates
the payments to the various parties after recording what actually happened on the
day. Metered values of supplies generated are summed and aggregated for each
generating company. Supplies taken by RECs are also summed and referenced to
the Grid Supply Points from which supplies are taken. The Settlement System
handles up to 30 million pounds daily and the process takes 28 days to complete.

1.1.5 Fair Pricing of Electricity Supplies
One of the main responsibilities of OFFER is ensuring, under the terms of the
licenses to which the industry operates, that pricing structures are implemented
that specify 'fair' charges for electricity, and the terms and conditions under which
that electricity is supplied are adhered to. On the I April 1991 for example
industrial consumers with consumption of 1 Megawatt and above no longer had to
purchase their electricity from locally based Public Electricity Suppliers. Since the
1 April 1994 any consumer with a maximum demand greater than 100 kilowatt
was also freed from supply restrictions and can theoretically buy their electricity
from any licensed supplier, including non local ones, at whatever pricing structure
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agreed. At present, electricity consumers in the United Kingdom, with a

maximum requirement of less than 100 kilowatt, must still purchase their
electricity from locally based Regional Electricity Companies. The cost of
electricity from these suppliers is regulated by a system of price controls subject to
the authority of the Office of Electricity Regulation (OFFER).

1.1.6 A Second Tier Supply System
From the 1 April 1998 the requirement to purchase electricity from a local
Regional Electricity Company will be abolished entirely, bringing full competition
into a potential market of 23 million customers. The Director General of
Electricity Supply has proposed that full competition should be introduced in
phases to ensure that the Electricity Supply Industry's systems shall be able to
cope with these changes.

The phases will be based on post codes with the first phase commencing on the I
April 1998 to include 10% of customers. The second phase shall commence at the
end of May 1998 and will cover a further 15% in each post code area whilst the
third phase, covering 25% of customers, will begin towards the end of July 1998.
A final phase will take place in mid September 1998 and will cover the remaining
50% of the market.

Such a phased introduction, based solely on post codes, could initially restrict
competition in cases where potential customers have sites distributed throughout
the United Kingdom. The proposals for the first phase, commencing on the first of
April 1998, will therefore also include all customers with half-hour metering,
multiple sites, and secondary customers who already have links to existing 100kW
customers.
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Each of the individual RECs has a Public Supply License which covers supplies to
customers in the RECs own area. However the Act of 1989 allowed a customer to
purchase electricity from a source other than its local PES and it is clear that
within the fully competitive market, commencing in April 1998, that there is the
potential for these other sources to act as retailers, by purchasing electricity from
the Power Generation companies, and selling it wholesale to customers, although
not physically supplying the electricity themselves. In an example, shown in
Figure 2, such a second tier supply situation could give rise to at least three
separate billing transactions. It is feasible under the new United Kingdom
regulations that a company, such as Scottish Power, could be contracted to
provide electricity to a customer presently located within another REC's boundary
area, for example the Yorkshire Electricity boundary. The subsequent billing
transactions could be:

a. Customer to Scottish Power at agreed Metered Consumption Rate.

b. Scottish Power to Yorkshire Electricity for use of its distribution network.

c. Scottish Power will be charged via the Pooling and Settlement Agreement
(PSA) for the electricity it has drawn from the national electricity pool to supply
its customer.

The present metering and billing process provides, almost entirely, for the routing
of a service from one single local supplier direct to an end user. In the liberalised
market of the future such a metering system will be totally inadequate.
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Figure 2 - A Second Tier Energy Supply and Billing System

One of the most complicated elements in any second tier pricing structure will be
the measuring, provision and charges for electricity supplied via the Pooling and
Settlement Agreement (PSA). The PSA requires every second tier customer to
have half hourly metering installed at their premises. Metering has to comply with
the relevant OFFER Code of Practice (Code G). The half hourly readings from the
meters are collected and processed by the Second Tier Agent (usually the local
REC) on behalf of the Settlement System Administrator. Metering data is collected
and normally used to prepare a monthly invoice.

Pool prices [98] were theoretically capped at a price of 2.61p/kWb on a demand
weighted basis, in 1994, but demand meant that at some times, the 11 April 1995
and the 7 December 1995 [108] for example, the price actually reached 86.3p/kWb
and 107.34 p/kWh respectively. In practical terms this operation of the
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Pool meant that at times in the winter of 1995 a medium size manufacturing
company was expected to pay around 3500 pounds for one hours electricity [108]
where in the preceding summer it would only have cost the same company onethirtieth (1I30th) to one fortieth (1I40th) of this cost.

The Rt Hon T.Eggar MP [97] goes so far as to suggest that a more flexible system
of tariffing structures should be introduced to improve the overall efficiency of the
electricity industry, by being able to vary tariffs during the day and possibly the
seasons, thus smoothing out the peaks and troughs of demand, by putting a cost to
the time and provision of the service.

Three main options [3,5,6,21] have currently been proposed to provide billing
systems that could handle such a tariffing structure:

a. Licensing the relevant Utility supply with everyone paying the same rate.

b. A Banded system similar to the Council Tax. OFFER has also suggested that a
billing system should be based on 48 x 30 minute billing cycles over a 24 hour
period.

c. OFFER has also proposed the development of a Remote "Smart" Meter
Reading system and associated communications network.

Industrial and domestic users are already complaining about the cost of Utility
services and it is unlikely therefore that option 'a' shall gain much support, since
the most economic users would be paying approximately the same amount for
their service as more indiscriminate users. In many ways option c is the best
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choice, once a decision has been made on who (supplier or user), will pay for the
facility. The additional monitoring capabilities that could be associated with such
a Remote Meter Reading system, puts in the customer's own hands responsibility
for controlling the use, and correspondingly, the amount of money they will pay,
for any utility service.

It is proposed that in a deregulated, privati sed and commercially orientated
environment, option c is the most likely method to gain universal acceptance
from, both industrial and domestic customers, and the Utility suppliers.

1.1.7 Future Metering Communications and Information Requirements
In order to take full advantage of the opportunities arising in the ESI and other
utility supply areas an Integrated Remote Metering Communication and
Information Systems infrastructure must be in place.

The provision of such an infrastructure is justified not only on the basis of a costeffective tariffing structure, but also in possible rising levels in, quality of service,
provisioning, and administration of the service provided. A new flexible metering
and billing system must not only take into account variations in pool price and
subsequently the cost of supply to the customer, but also the fact that the service
route from the Supplier to the End User could be complicated and involve more
than two parties.

Such a metering system shall not be easy or inexpensive to implement. It was
estimated in 1994 [1,3, and 5] that to provide a metering installation for the larger
electricity consumers in a second tier supply system, using currently available
communications technology, would cost the electricity industry in the region of
£2500 pounds. Given that the annual electricity bill of a typical I Megawatt
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customer is £250000 this is not a large amount in overall percentage terms, but to
the "smaller scale" users, with annual bills of £25000 for 100 kilowatts, this figure
is quite considerable. This analysis cannot be extended to domestic/residential
customers with annual bills of only £300.

To decrease the potential impact of this high cost it could be feasible to provide
additional Value Added Services to the user over the Remote Meter Reading
Communications network. for example the use of a metering communications
network

to

provide

telephony,

security

monitoring

and

possibly

other

telecommunications services. In order to provide such schemes however there is a
requirement for corresponding changes in present metering technology. and also
the traditional. mainly manual. methods. in which meter reading is carried out. It
is proposed therefore to investigate existing and potential methods for the
provision of remote metering and furthennore as a result of that investigation to
suggest alternatives for providing a comprehensive remote meter reading system
which could cope with the demands of a privatised Electricity Supply Industry and
reduce the impact of installation costs, and produce corresponding benefits like
increased quality of service.

The proposed Remote Meter Reading systems researched shall offer more
"intelligent or smart" services. and also give more detailed information to the
customer for example. For the Utilities. additional facilities shall be proposed such
that

the

Remote

Meter

Reading

System

provides

management and control infonnation. for example to
Structures to take into account cost varIations introduced

more

comprchensi\<e

remotel~

h~

alter Priclllg

the Pool. and abo to

provide a means wherehv a service can he sold to the u"er on the ha"j" of "what he
needs" rather. than simply supplying a fixed \l)lume ()f energ~. Su(h a Remote
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Meter Reading system should also provide sophisticated fault and maintenance
management, and on-line performance assessment facilities to increase the quality
of service provided.

1.1.8 The Other United Kingdom Energy Supply Industries
In addition to the electricity industry the other main United Kingdom utility
providers, gas and water, are also under going similar organisational changes. The
Water Industry [3] for example has until the 1 January 2000. before it must
provide similar arrangements to the Electricity Industry with a corresponding
amendment to traditional billing procedures which can no longer be based on
rateable values. Deregulation has already commenced in the United Kingdom Gas
industry and some 500,000 households in the South of England were able to select
their supplier from the I April 1996.

1.1.9 Liberalisation of the Electricity Supply Industry in Mainland Europe
Many other countries are looking towards the United Kingdom to evaluate the
effective results. and naturally any problems, resulting from deregulation of the
Electricity Supply Industry. European Union ministers for example have agreed a
general framework for opening the Electricity market to cross border competition.
The continued failure to give support to extensive liberalisation. after more than
six years of wrangling. could however rule out any positive agreement before the
year 2000. Under the European Union plan about 22.59£- of the European Union
electricity market would be initially opened to competition. based on those users
consuming more than 40 Gigawatt-hours of electricity each year. After three years.
the user threshold would fall to 20 GWh a year. and after a further three years to 9
GWh. or about 329c of the rest of the European Union electricity market.

1.1.10 The Energy Supply Industry in the United States
In the USA the Energy Police Act of 1992 [2] opened the generation market to
competition. al10wed open access to the transmission grid. and exempted the
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Independent Power Producers from regulation under the Public Utility Holding
Act of 1935. The same 1992 Act also supports and encourages the Utility Services
to provide Demand Side Management (DSM) programs and requires Utility
Companies to precisely measure and monitor their DSM efforts. These DSM
programs in the USA are similar to the developments taking place in the United
Kingdom, in Remote Meter Reading, due to deregulation and privatisation. Local
gas companies, in the USA, are permitted to take responsibility for the distribution
of gas products in the regulated territory of a Main Gas Utility, under Federal
Energy Regulation Commission Order 636. Large industrial customers of the Gas
Utility now have the right to purchase gas direct from pipeline suppliers, and use
the local gas utility company for transportation from the well head to customers
sites, whilst paying only for direct gas transport costs.

1.1.11 A Remote Meter Reading Communications Network for the United
Kingdom
In section 1.2 the possible effects of various Customer and Communications
Infrastructures, which effect the provisioning of a Remote Meter Reading system,
will be examined to evaluate the effect of these structures on such metering
systems. One major problem with dealing with such customer infrastructures is
that because of deregulation the resulting Electricity Supply network is now
'fragmented' at the operational level with new interoperator boundaries to be
administered between the different RECs. RECs that had been previously
integrated under the old Area Board system are now obliged to deal across more
complicated operational, commercial and regulatory boundaries with other RECs.

A communications network that is associated with a Remote Meter Reading
system could be the key to transcending these boundaries. One priority area of
research will therefore be into the provision of such a communications network
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which has the capacity to reach millions of customers using the latest narrowband
and broadband communications developments, like B-ISDN, Asynchronous
Transfer Mode (ATM) and the Synchronous Digital Hierarchy.

1.2 The Effect of Customer Infrastructures on the Provision of a
Remote Meter Reading System
When selling the concept of a fully automated Remote Meter Reading system to
Customers, the Utility companies realise that to meet expectations such a system
must have more accurate billing, lead to less faults and faster repair times where
and when such faults occur on the distribution network, than existing metering
systems, in order to retain confidence and ultimately retain that Customer's
business. In addition to the physical metering facilities the infrastructure of a
Remote Meter Reading system must therefore be resilient, flexible, and have the
ability to interface to a variety of Communication technologies. To evaluate the
type of communications network needed to carry metering data it is necessary to
review the type of Customer infrastructures that could be interfaced to such a
network, since the type and size of Customer infrastructure impacts on the amount
and type of data transmitted on the network. When the Electricity Supply industry
was deregulated a three tier customer system was envisaged:

Tier I :Customers with requirements of 1 Megawatt and above. (1990)

Tier 2:Customers with requirements of less than I Megawatt but greater than 100
kilowatt (1994)

Tier 3:Customers with less than 100 kilowatt. (1998)
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One possible difference in the load requirements of these customer systems, and
the related Customer Infrastructures, could be the time periods that maximum
loads occur. For DomesticlResidential customers, the utility load requirements
tend to vary considerably for example between 06.00 - 09.00 hrs, 12.00 - 14.00
hours, 16.00 - 21.00 hrs, weekends, holidays and dependent on seasonal
variations. For Commercial and Industrial Premises the utility load requirements,
in most instances, shall decrease at 18.00 hrs, as Factories and Businesses close.
From a logical point of view, for example, the best time to use a Power Line
Carrier based remote meter reading system to read DomesticlResidential
consumption should be between midnight and 0700 hours in the morning when
people are asleep, or between 10.00 hours to 1500 hours when they are at work.
The reason for this is that, between these hours there is less chance of interference
to a Power Line Carrier communications system from potential noise sources such
as cookers, vacuum cleaners and other household appliances. For factories
meanwhile the best meter· reading time for the same Power Line Carrier system
could be in the evening when production has stopped. In communications terms
the differences between the types and classifications of customer infrastructures
shall primarily impact on the type of metering device used, the physical interface
needed to operate most efficiently for the transmission of metering data, the
volume of metering data to be sent, the complexity of the addressing, protocols,
and control mechanisms necessary to perform the overall management of a remote
meter reading system.

One of the biggest problems of deregulation was caused by the Tier 2 customers
who waited until the last month before deregulation took place, in 1994, before
finally deciding on their supplier. This caused such a last minute rush to provide
metering installations that British Telecom were unable to provide the telephone

18

lines necessary for connecting remote metering communications between the
Pooling and Settlement Agency, the RECS, and the Customers in the time period
available. A prime requirement of any remote metering system must therefore be
the provision of readily available communications infrastructures, preferrably
already universally connected to every customer, or able to be connected quickly,
to realise rapid implementation of a remote meter reading facility.

1.3 Communications Infrastructures
The introduction of metering devices for the measurement and display of
electrical, water and gas services data, has seen much research by the Utility
Companies, who provide these services, to replace the manual recording and
collation of such metering data, with centralised Remote Meter Reading systems,
preferably using associated automated processes for such activities as billing.

In providing such Remote Metering systems, although the prime motivation
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economic, for example, in terms of a physical reduction in the number of meter
reading and other administration staff, additional benefits can be provided in terms
of system flexibility and administration, in that:

a. Site access problems to Customer's Premises are non-existent once a suitable
and reliable communications infrastructure is in place.

b. Metering devices can be individually identified via the communications
network, monitored, problems detected and rectified almost instantaneously

c. Demand data is available on a real time basis for discussion, possible future
requirements, and to resolve customer disputes.
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d. Real-time time keeping and control is available.

In order to provide such Remote Metering systems, a comprehensive
communication network, for the transportation of metering data, from the
Customer's measuring device to one or a number of centralised locations is
required. Customers connected to the network must be uniquely identified, as in a
telephone network. The network must indicate to the collection centre the
availability or otherwise of a path to the Customer, and must protect the
connection, from collection centre to customer, from internal or external
interference, for the duration of the connection. A Remote Metering Data
communications network must be dimensioned to be economic and capable of
expansIon.

A communications network used to support a Remote Meter Reading System
could be based on a number of transmission systems technologies. To provide the
most efficient communications system it is proposed to research and examine the
types of communications systems available. and also several designs and
applications using past, current and future technologies (ATM, SDH, Wireless in
the Local Loop), which, using one, or a combination of techniques, could meet the
requirements for the transportation of metering data, taking into account such
features as safety, economy and reliability. The communications systems to be
investigated are:

a. Telephone Line - Copper and/or Fibre Optic( Includes ISDN, POTS and other
networks).
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b. Power line carrier

c. Radio transmission/reception networks.

Since

the cost of providing

such

a

Remote

Meter Reading

System

communications network must be minimised, any proposed architecture should
make the best use of any existing facilities already available to the Utility
Companies in order to avoid the types of problems, like a shortage of
telecommunications connections that occurred in 1994. Particular emphasis is
therefore put on using Power Line Carrier for the Customer Access Network of a
Remote Metering Data Communications network.

Power Line Carrier may not appear an obvious choice for the Customer Access
Network of a Remote Metering Communications Network, but similar experience
has shown the new Public Telecommunication Operators that in providing an
alternative telecommunications service, to the existing Operator, that the
Customer Access Network, the final link from the main transmission network to
the Customer's Premises, has been the most expensive and difficult to implement.
This is borne out in the United Kingdom, where despite extensive deregulation,
over 97% of the country's approximately 28 million exchange lines were still
controlled by a single supplier, at the end of the financial year 1993/1994.

The reasons for using Power Line Carrier are substantial. For the Regional
Electricity Companies (RECs), the means of providing a Customer Access
Network already exists, with the means to access the majority of businesses and
domestic residences, via Power Lines. By using Power Line Carrier based
systems, in addition to minimising the cost of using a third party telecoms service
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provider, the Regional Electricity Companies also avoid the need to create a
Customer Access Network ab initio. Through not having to implement an
infrastructure involving large amounts of telecommunications outside plant
(cabling, trenching, equipment rooms, distribution points), and the subsequent
maintenance costs incurred once that new plant is installed, the Regional
Electricity Companies can save much of the cost involved in the provision of a
remote meter reading communications network.

Power Line also represents a very substantial proportion of the assets of any
Regional Electricity Company and as all customer services ultimately rely on this
part of the distribution network, its use should be optimised as much as possible.

For the provision of a Remote Meter Reading System Customer Access Network,
the development of a Power Line Carrier based system is suggested as being of
fundamental economic importance to the Regional Electricity Companies. Since
the relevance of Power Line Carrier systems to Remote Meter Reading, in terms
of the potential economic and technical benefits that could be accrued, is
considered important, associated characteristics, such as modulation, data rates,
and other parameters will also be investigated, in order to fully define this
importance in the development of any Remote Meter Reading communication
network topologies.

In following general communication network topologies, the networks proposed
for the transportation of metering information data, from the Customer's Premises,
to a number of centralised or local collection points, shall be termed the Remote
Meter Reading System Customer's Access Network (CAN). Where the data is
then communicated from several such collection points to a Main or National
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Metering Data Collection centre, the communications network shall be termed the
Remote Meter Reading System Transport Network.

In association with the Remote Meter Reading System Customer's Access
Network (CAN) it is clear that the communications interface between the meter
and the CAN is of great importance. In section 1.4 possible meter communication
interfaces, data rates and associated topics relevant to the meter itself, are
therefore examined in more detail.

1.4 Meters
There has been a great deal of discussion about how the development of metering

devices should proceed [3,5,51,52,53,54,55,56,57,58,59,60,61,62,137]. In many
ways the Utility companies in implementing a Remote Meter Reading system face
a similar problem to that the computer industry faced ten or fifteen years ago,
where much of the emphasis on computer design switched from large centralised
computer systems, to the communications interfaces of the computer and most
importantly the accessibility to data and information through those interfaces, by
remote users. The situation with metering devices is very much the same today. It
cannot be disputed that the traditional design of present meters, based on the
Ferrarris disc, has provided excellent service to the Regional Electricity
Companies. However there is now such a demand for meters with more complex
communications interface and other functions that the need for the compactness
provided by the traditional meter designs has been superseded by many other
requirements, many of which relate to the provision of a Remote Meter Reading
system.

23

Meters used by Regional Electricity Companies can generally be put in two
separate categories. The first class of meters are those used to operate or monitor
the elements of an Utility company's distribution system. The second category
concerns those meters mainly used for revenue or billing purposes. It is the second
class of meter, the revenue meter, which is considered in this thesis. Since Power
Line Carrier is proposed as the main medium for Customer Communications the
principle of meters used in the electricity industry is explained in some detail. For
example, at present the operation of most meters in the electricity industry uses the
interaction of two (or more) magnetic fields to produce rotation of one of the
elements. The basic meter used for measuring electricity also normally includes an
ammeter for measuring current in amperes, a voltmeter for measuring electrical
pressure in volts, and a wattmeter for measuring power in watts.

1.4.1 Revenue Meters
Data accumulated by the Revenue or Billing meters can be useful in planning and
designing distribution networks. The same process that translates meter readings
into bills for consumers could also be programmed to make information available
such as converting consumption data into potential loads likely to occur on the
distribution network. In the electricity industry, meters for billing purposes
normally measure energy used in kilowatt hours and power demand in kilowatts.
Although constructed differently they have both current and potential coils and are
connected in the same manner as watt-hour meters.

1.4.2 Watt-hour Meters
The basic watt-hour meter consists of a small motor whose rotor, usually a

,

metallic disk, is turned by the torque produced by the reaction of the magnetic
fields set up by the current and voltage, supplied from the Low Voltage
Distribution Network, passing through coils. The speed of rotation of the disk is
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made proportional to the power flowing in the coils of the meter. To ensure
accuracy the speed of the disk is regulated by a "magnetic brake". A register
counts the revolutions of the disks and acts as an integrator to calculate the
instantaneous values of power over a period of time; the result of the integration is
normally the expression used for the energy.

Watt-hour meters may be single or poly phase. The single phase unit is normally
the one employed for measuring energy usage by domestic customers.

1.4.3 Industrial Metering
For most industrial and commercial customers the reactive load is also measured
in kV A-hours along with kilowatt-hour consumption. By relating the kVA-hours
along with kilowatt-hour consumption for the period of usage a value for the
average power of a customer's load is obtained.

1.4.4 Load Monitoring
Normally the individual consumption of customers supplied from the same
distribution transformer are summed to obtain the total energy supplied through
that transformer over the billing period. This total is then converted to giv~ an
approximate demand in kW or kVA so that the loading of the transformer can be
monitored. In conjunction with this the consumption supplied from each
distribution transformer can be used to produce average figures of usage by each
customer and possibly to identify those transformers that could be exceeding
predetermined load values thus enabling the utility concerned to instigate
appropriate remedial action.
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1.4.5 Future Meter Development
The reduction in the price of electronic components has made the meter more than

just an instrument to be used for billing purposes. By the addition of memory and
a microprocessing capability the functions of a meter can be expanded to provide
valuable data to the Utility company concerned. By using a microprocessing
capability it is possible to control such features as individual consumer loads.
Such "electronic" based meters make the remote reading of customers meters and
billing almost instantaneous.

The following section details the proposed functions of such a future meter that
could be suitable for deployment in both a local and remote meter reading
environment. The implied functions are not used to suggest any particular design.
This particular representation provides a simple means of conveying information
on the interfaces, facilities and overall functionality likely to be required by such a
meter. Ideally, in order to simplify transmitting and receiving metering data over
any communications network, to distant locations, it would be beneficial to
provide an identical metering device, with variations, for the type of utility
~ervice,

provided. Figure 3 suggests what the design of such a meter could be. The

meter shown in Figure 3 consists of an 8 bit micro-computer, 32 Kbytes Random
Access Memory (RAM), 32 Kbytes Read Only Memory (ROM), a display,
transmitter/receiver, interface circuit, tamper-proof sensors, and power supply.

Battery back-up is provided to store essential information in the event of mains
power supply failure. An 8 bit micro-computer is used to access pre-stored
instructions in ROM and execute them to perform pre-specified functions of the
meter. The Random Access Memory stores the measured data of the meter.
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is further developed in sections 2.8 to 2.11.) Such a Remote Metering System

Communications Interface, called a Metering Interface Unit (MID) in Figure 4,
could be used to connect any of the three major Utilities independent metering
devices to a Remote Meter Reading system Customer Access Network termination
point. By using such an approach it should be possible to interface any Metering
device to a variety of communications media.

Which ever of these two approaches, direct communications with the meter or via
a Metering Interface Unit, is used, remote meter reading will cause an impact on
the price of typical metering installations. In the Electricity industry, for example,
at present a typical installation in a domestic premises can cost around £100 [1,3,
and 5]. Providing remote meter reading facilities will obviously affect this
installation price but by adopting the Metering Interface Unit approach, possible
software development and equipment costs, and the subsequent impact on
installation prices could be minimised.
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1.4.7 A Practical Realisation of a Metering Interface Unit
In section 1.4.6 the proposed implementation of a Remote Meter Reading
communication system using a Metering Interface Unit was suggested. There are
many possible variations on this implementation. For example Billington [9 and
24] provides details of the implementation of a Mainsborne [Note: Mainsborne is
a registered Thorn-EMI trademark] Telecontrol system which in addition to
providing remote meter reading facilities also provides effective load management
and gives each customer local control and monitoring facilities of the services
provided by the utilities.

In the Thorn-EMI system the Metering Interface Unit is analogous with an Energy
Management Home Unit (EMHU) located in the customer's premises. The EMHU
communicates with a Central Controller (CC) which is located in a local
transformer chamber. The CC in tum communicates with a Data Control Centre
(DCC). A Customer's Display (CD) is also provided.

The operation of the Thorn EMI system can be summarised as follows:

The EMHU is interconnected to the single phase electricity, water and gas meters,
which are adapted to provide consumption data. From the EMHU communication
can be established using three spread spectrum mainsborne (one for each phase)
signalling modules. This allows the EMHU to transmit and receive data from the
DCC.

The EMHU has also a Contactor Unit which contains two contactors, controllable
by the EMHU that could be used for either routine and emergency load control.
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The

DeC

is also connected to the Public Switched Telephone Network (PSTN)

via BABT approved full-duplex modems operating at 2400 baud. The modem has
both auto-dial and auto-answer facilities which allows the

ee to

both initiate and

answer calls.

The

ee

has also six inputs which are regularly monitored and can also be

configured to perform an action upon change of state to an input and for example
cause a broadcast command to be sent to all EMHUs.

Network management facilities can be provided locally at the

ee through an RS-

232c interface and Local Terminal or remotely by using a modem connection to the

Dec.

The basic architecture of the Mainsbome Signalling system is shown in

Figure 5
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Figure 5 - Thorn-EMI Mainsborne Signalling System
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One of the main factors affecting the development of a Remote Metering System,
and the associated metering device or devices, is the amount and type of data
[5,10,14,22,23] the meter shall be required to handle. This subject shall be
examined in more detail in Chapter 2.

1.5 Previous Trials of Remote Meter Reading Systems
In mainland Europe considerable work on Automatic Remote Meter Reading

Systems [9,10,11,12,19,20,22,24] has been carried out. Initially this research
tended to concentrate on broadcast type systems with data only being transmitted
one way, from the meter. Recently however, more emphasis has been put on
developing two way communications with the meter, usually from a suitably
located Central Collection system. Sections 1.6 and 1.7 review some of the
research carried out on such systems, and comments on two previous trials, using
two different communication architectures,. to provide Remote Meter Reading, and
the results obtained from those trials. Following this review and comment,
proposals are submitted on how, by using more modem techniques and
developments

in

the

communications

fields,

an

alternative

and

more

comprehensive solution to the problem of developing an Automatic Remote Meter
Reading System and its associated communications network requirements may be
available.

The trials reviewed in sections 1.6 and 1.7 were carried out over a number of
years, and include the use of two completely diverse communication technologies,
radio and power line carrier.

In the United Kingdom [9,19,20,22,24], Europe [10,11,12] and the USA [5,137]
low cost electronics and corresponding advances in communications have
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provided scope for developments of new methods to read a Customers Gas,
Electricity and Water meters without physically visiting the user's premises. Trials
on remote meter reading by the Regional Electricity and meter manufacturing
companies involving different communications technologies have been ongoing in
the United Kingdom since the late 1970s.

In the USA the priorities of the Utility Companies leading the development of
Remote Meter Reading systems have however been slightly different. The
Automatic Meter Reading Association through its surveys suggest the Water and
Gas Utilities are further ahead with trials [48] than the electricity utilities. Such
systems include the Meter Communication System (MCS) [2,48].

The reasons the Gas and Water industries are so active in the USA are ergonomic
as well as economic. Compulsory regulations have forced the utilities in the USA
to bill monthly, and these regulations usually forbid the use of estimated bills even
where access could not be made to a building to make a meter reading. Most
Electricity meters in the United States are mounted externally and do not have the
same problem with accessibility, whereas about 50% of Gas and Water meters are
mounted internally, which creates the problem of sometimes being able to produce
the meter reading in conjunction with the bill. Furthermore, unlike the Electricity
industry, most United States Water and Gas Meter registers can be removed from
meters in the field without the meter being returned for recertification [48, 70,
110, 137]. This makes the retrofitting of register encoding circuitry much easier.
Electrical Utilities in the USA have not ignored remote meter reading however,
and although they do not have the same difficulties as their Gas and Water
counterparts, they are still intending to, and presently actually trial ling [2,48,50],
similar Meter Communications Systems.
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1.6 The TANGENTScheme
In the United Kingdom, the frequency band 183.5 to 184.5 Mhz, detailed in

Ministry of Post and Telegraph (MPT) regulation 1328, has been allocated to the
Utility companies for the provision of remote meter reading facilities using radio.
The Tangent scheme [7] was one such radio based remote meter reading system.

The Tangent Scheme was intended to gather metering data from up to 1000
electricity users and transmit the data, via radio, to a Data Collection Centre. The
metering unit, consisted of a dedicated radio transmitter and integral antenna, both
physically located within the power meter (Collectively known as the MT A). The
transmitter had an RF output power of 10mWand transmitted the consumption in
KWhr units at random times. In the operation of the Tangent scheme it was
envisaged that to achieve a reliable, error-free range of 700 metres, the radio
receiving equipment would have to be installed at a number of conveniently
located

electricity supply distribution

substations

which

would

become

Centralised Data Collection Centres. At these Centralised Data Collection centres,
two separate radio receivers, with pole mounted antennas used in a spatial
diversity configuration, were employed to improve systems reliability. To provide
for higher meter densities it was proposed that up to 20 such receivers may be
required per Data Collection Centre. In addition to the radio receiver, equipment
was also required for storing, interpreting the incoming data, and forwarding it,
over radio or telephone line, to a higher system level.

A practical trial of the Tangent system was carried out in a number of urban areas
such as the Barbican in London, whilst rural trials were carried out in Pitlochry,
Scotland and other areas.
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The TANGENT trial raises a number of points regarding the provision of a
Remote Meter Reading Radio Communications Network.

• The frequency range, channel bandwidth and signal to noise plus distortion ratio
characteristics of the radio system directly influence the success, or failure, of
Remote Meter Reading Radio Communications Networks.

• The Tangent scheme used one way transmission and it was impossible to verify
correct reception of the transmitted data. Data collision was avoided as much as
possible by the use of different transmission times. Two way transmission, duplex
operation, could offer more efficient radio remote meter reading systems.

• As the number of meters increases would one way radio remote meter reading
transmission schemes become more inefficient.

• The optimum transmission distance for the Tangent system was found to be
approximately 700 metres. This range could be difficult to achieve in some
demographic areas, without the deployment of large quantities of equipment to
give the necessary coverage.

Trials and practical operational experience in the USA [48], using similar radio
based remote metering schemes already seemed to indicate that using higher
frequency bands, such as the UHF (300 to 3 GHz) band, gave better overall
performance than the VHF bands (3 to 300 Mhz). Although the band 183.5 Mhz
to 184.5 Mhz has been allocated to radio remote meter reading schemes, and was

34

used during the trials of the Tangent Scheme, the 800 to 900 Mhz frequency range
could be a more suitable band for radio remote meter reading.

Aside from the findings in the USA, it is not insignificant that this band has
already been allocated to Cellular radio systems in the United Kingdom and in
other European countries. It should be recognised that Utility providers who
intend to use radio based meter reading systems on a Universal Basis have as great
a requirement as the cellular radio operators, and that with a potential customer
base of 23 million users, serious consideration must be given to the provision of a
more suitable frequency range, for such radio based remote meter reading systems.

Alternatively, perhaps an arrangement could be made with the Cellular phone
companies, who already have the necessary equipment sites, and almost universal
radio coverage, on the possible allocation or use of some of their channels to be
used in a radio remote meter reading system. With the extensive usage such an
arrangement could have suitable tariffing structures could be arranged between the
Cellular radio companies and the Utilities concerned.

The advent of more modem radio technology, such as Broadband Radio Delivery
systems, Wireless in the Local Loop (WLL) or the use of GSM, could be more
economically and technically viable, than systems such as used in the Tangent
trial, in providing remote meter reading by radio. These radio technologies and
their possible relevance to remote meter reading are discussed in more detail in
sections 4.7 to 4.11.
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1.7 Two Way Distribution Line Carrier Technology for Remote Meter
Reading and Controlling Dynamic Tariffs: Field Experiments in Finland
1990
1.7.1 Introduction
In 1990 a two way remote load and tariff control system using Power Line Carrier
techniques was trialled in Finland [11]. The configuration of the system, called the
MELKO system, is detailed in Figure 6. The Melko system was designed such that
a load control and metering device, located in the customer's premises, would
pass metering data to a Centralised Data Collection Unit, located in an 110/20 kV
Electrical Substation, using a Power Line Carrier Communication system. The
Substation could then be connected via telephone or radio to a Main Collection
Centre which controlled the operation of the system using a computer called the
Data Dispatch Computer (DOC) whose prime function as the name suggests is to
control the dispatch or flow of data.

The Substation Unit served as the interface between the Data Dispatch Computer
(DOC) and the Customer Premises equipment. The substation unit also provided a
centralised clocking/synchronisation signal if needed. The Customer Premises
meter was used for time of day and tariff demands, recording energy and power
consumption, transmission of recorded data and surveillance of loading. The
control units co-located with the meters were used to control the meters, heating
and lighting loads, time switches, and to separate loads and devices where no
information feedback was required. The control unit could be pre-programmed if
needed.
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Figure 6 - The Melko System

The Power Line Carrier communication system between the Customer's Premises
and the substation used Phase Shift Keying, at a data rate of 50 baud, to transport
metering data. Remote meter reading normally took about 10 seconds per access.
The communications link between the substation and the Main Collection centre
was normally provided by a serial modem, utilising asynchronous communications
in accordance with IEC TC57 (Power Systems and Associated Communications).
The data speed was selectable between 150 to 200 baud. One of the main problems
the design of the system had to overcome revolved around the fact that there are
some 130 independent utility companies in Finland each of which used different
pricing structures. The message format developed for the Melko system therefore
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had to include an Unique Identifier for each individual Utility Supplier. Data and
error bits were also included in the Message Format which is detailed in Figure 7.
The Response Message Format of the Customer's Premises Metering unit is also
detailed in Figure 7.

Energy Supply
Company's
Individual
Identification

Group or Individual
Address of the Terminal
Unit

Relay Control or
Register Reading
Command

Error Detection
Bits (CRC)

Command Word

Individual
Address of the
Terminal Unit

Register Reading
Command

Transmitted Data

Error Detection
Bits (CRC)

Response Word

Figure 7 - Command and Response Words

Project measurements of the trial system were carried out at the times of 7 - 9 am
and 3 - 5 p.m. Only the initial attempts at remote meter reading were taken into
account although the system makes several "read" attempts if it does not receive a
response the first time. The results of those attempts are detailed in Table 2.
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Metering Unit No:

Meter Reading
Attempts

Failed Attempts

Successful
Readings as
%

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
Transformer
Total

1467
5
1421
6
1873
13
1422
35
1652
32
1825
4
1784
8
1722
40
1433
12
1879
24
1971
3
1681
1
1635
4
1682
2
1697
14
1683
3
3
1705
1658
2
1704
0
2143
83
34037
295
Table 2 - Melko Trial Results

99.7%
99.6%
99.3%
97.5%
98.1%
99.8%
99.6%
97.7%
99.2%
98.7%
99.8%
99.9%
99.6%
99.9%
99.2%
99.8%
99.8%
99.9%
100%
96.1%
99.1%

From Table 2 it is apparent that the amount of successful metering read attempts
against failed read attempts, indicates that the type of Remote Meter reading
system used achieved a high degree of success during the trial. In evaluating these
test measurements however there are a number of additional factors which need to
be considered in order to further quantify the success of the trial.

• The data format used for transporting the metering data appears to have been
very effective, and proves, that it is possible for as many as 130 utility providers to
provide an acceptable service to a diverse amount of users .

• The metering data transmitted was Time of Day or Demand Tariffs, Recorded
Energy and Power Consumption, Transmitting Recorded Data, and Surveillance
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of Loading. For many utilities this type of data may be regarded as only a limited
subset of the metering and associated information they require. For example the
type of additional data which might be considered useful in a Remote Meter
Reading System could be Next Bill Projection, Credit Control, Fraud Detection,
Network Management, Remote Disconnection/ Connection.

• The number of users sampled was also relatively small, and the amount of
failures may have risen with an increased number of user samples. One possible
reason to make this assumption is that the data rates used in the trial may be too
slow to cope with an increased volume of transmitted metering data from large
numbers of users.

• With a large volume of customers telephone charges would rise accordingly and
a radio system may require an inordinate amount of nodes.

The Melko trial does indicate however that it is possible to successfully
implement a Remote Meter Reading system using Power Line Carrier for a
Customer Access Communications Network and radiolline communications
systems for the Transportation Network if required.

1.8 Previous Trial Results
A number of questions have been left unresolved by the Melko and Tangent
Remote Metering trials.

• What modulation system is best suited to Power Line Carrier operation.
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• How does the varying impedance, noise and delay distortion known to exist on
the Low Voltage Distribution Network, affect the measurements of performance
of a Power Line Carrier based remote meter reading system. Does this reflect on
the type of communications architectures which could be successfully used

In

Remote Meter Reading Systems.

• For Power Line Carrier based systems, could "repeater devices" be used, as in
other transmission technologies, to enhance the distance of operation of a Remote
Meter Reading System.

• Only limited amounts of users have been involved in the trials. How shall
relatively low data rates used in many trials, 50 to 200 baud in most instances,
cope with the large amounts of potential users likely to be involved in a practical
Remote Metering system environment.

• How could the protocols, presently used, or proposed for use in remote metering
systems, be shaped to cope with these potential large amounts of users.

• What should be the criteria used to evaluate the suitability of a protocol used on
Remote Meter Reading systems.

• How can Remote Meter Reading systems take advantage or be adapted to
interface to the more modem transmission technologies, Broadband-Integrated
Services Digital Network (B-ISDN) or the Synchronous Digital Hierarchy (SOH),
which have become available since.
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These subjects could affect the method of Remote Meter Reading communications
used in a potential United Kingdom Electricity Supply Industry market of 23
million customers and are researched in detail in Chapters 2, 34,5,6 and 7

1.9 Current Assessment of Remote Metering in the United Kingdom
In sections 1.1 to 1.8 it has been shown that in the United Kingdom where the
deregulation and privatisation of energy related services has already taken place,
the providers of the main Utility Services, the Gas, Electric and Water Companies,
are now under increasing pressure, from government, businesses and domestic
customers to provide their services in a different manner to the way they have
previously provided them. They are having to address additional concerns,
including not only the new found freedom of customers to choose the most

.

economical supplier, but in the planning, operating, accounting, and maintainance
of the profitability of the Utility service they are providing.

The factors now involved in the provision of an Utility service have changed such,
that it has been recognised, to respond to customer demands, and still provide
economically viable services, there is a requirement for a more flexible and
dynamic billing system.

Remote metering and its associated communications network have been suggested
in this chapter of being of fundamental importance in the provision of such a
flexible and dynamic billing system. An even more compelling reason however
for the deployment of Remote Meter reading systems, may be for assisting the
controlling and maintaining of profitability.
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It has been shown [133] that for one REC, operating profits from supply fell from
16.9 million pounds in 1994, to 14.2 million pounds in 1995, because of higher
than expected electricity costs. The fact that distribution profits also declined due
to the reduced charges made by the company, at the request of OFFER, suggests
that one major way, for the Utilities, to provide successful management and
control of Pricing Structures, is through a Remote Meter Reading system. Such a
system for example could also take into account cost variations which can be
introduced by the Pool and also provide a means whereby a service can be sold to
the user on the basis of "what he needs" rather than supplying a fixed volume of
energy. A Remote Meter Reading system is therefore also suggested as being one
of the most important aids in monitoring and maintaining the profitability of any
Regional Electricity Company.
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Chapter 2. Data and Communication Network Protocols

2.1 Introduction
One of the main issues that occurs in Meter Communications USIng the Low
Voltage Distribution Network is the type, and efficiency, of communications
protocols that could be used. A number of design decisions affect the choice of
protocol, for example whether data connected with metering should only travel in
one direction, simplex communication, or in either direction but not at the same
time, half-duplex communication, or in both directions at the same time, full
duplex

communication.

The

protocol

must

also

determine

how

many

communication channels, in logic terms, a physical connection corresponds to and
what the priorities of those channels are.

Data flow is also important and any protocol used in Remote Meter Reading
should be able to stop a faster transmitter swamping a slower rate receiver. In
conjunction with data flow error control is also important because the physical
medium of a Low Voltage Distribution Network is not perfect, as will be shown in
sections 3.1 to 3.6, so errors can occur.

It would be impossible to provide for interconnection, on a Low Voltage
Distribution Network, by separate physical connections to each user, as the Low
Voltage Distribution Network is a bus or tree structure. To set up a separate
connection for each user on a Low Voltage Distribution Network therefore, one of
the main tasks of the protocol concerned must be to control the flow of a number
of unrelated metering data streams over the same physical connection.
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For Remote Meter Reading in the 100 kW market, using a second tier supply
system, [6] , as shown in Figure 8, wide area communication networks shall be
required.
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Figure 8 - Metering for the 100 kW Market [6]

Wide Area Networks normally use a system architecture, as shown in Figure 9,
consisting of geographically dispersed nodes interconnected by means of
communication Transmission or Transport Networks. The Customer is normally
interfaced to such Transmission Networks by a Customer Access Network. Within
the framework of such a Wide Area Network the software and the protocols used
to operate the individual communication components (Network Elements),
including meters, of a Remote Meter Reading system, hall also play a very
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important role. It shall be this software and protocols that ensures the relative
degree of flexibility and configurability of the system.

Figure 9 - Generic Wide Area Communications Network

To reduce the design complexity of such a Wide Area Remote Meter Reading
Network it is proposed that the network should be designed as a series of subnetworks or layers. with each higher level sub-network being built upon a lower
level subnetwork or preceding layer. The set of layers and the protocols associated
with them is what will actually determine the effectiveness of the network
architecture of a Remote Meter Reading communications network. The interfaces
of the Network Elements which physically compose the sub-networks and the
systems architecture need not necessarily be the same. provided that each element
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can correctly interpret and use any relevant protocols. Although the electricity
distribution network is primarily intended to distribute electricity it can be seen
from Figure 10 that its interconnection principle is analogous to many other wide
area communication networks, including that shown in Figure 9.
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Figure 10 - Generic Electrical Distribution Network
~--------------------------- - -------------
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Generation
Generation is the conversion of primary energy sources into electricity

Transmission
Dependent on the country involved, electricity is normally generated at levels of

between 175 kV to 765 kV (275 kV to 400 kV in the United Kingdom).
Transmission is the bulk transportation of electrical energy from power stations to
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the companies who are responsible for distributing it. In England and Wales
electricity is transmitted round a National Grid system.

Distribution
Distribution is the transportation of electricity from the transmission network to
the customer. The Public Electricity Companies or Local Suppliers convert the
voltages of 275 kV to 400 kV to lower levels before connecting to a Customer's
Premises. In the United Kingdom, as shown in Figure 11, these voltages are
reduced via the intermediate steps of 132k V/33k V to 230 Volts for domestic
customers, and 415V or IlkV for industrial customers.

In order to provide a Remote Meter Reading system, any communications or
protocol architecture associated with that system, which proposes to use the
electrical distribution network shown in Figure 11, should be developed, in
compliance with the principles laid down in the Open Systems Interconnect (OSI)
7 layer model.
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Figure 11 - United Kingdom Electricity Supply Industry
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CENELEC TC205 through European Standard, prEN 50090-2-1 , Home and
Building Electronic System, HBES Part 2-1: System Overview Architecture [32] ,
already supports a seven layer model, shown in Figure 12, which is compatible
with the OSI 7 layer model The model of the Home and Building Electronic
System, shown in Figure 12, is explained in more detail in Section 2.3.
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Figure 12· European Standard, prEN 50090·2·1, Home and Building
Electronic System, HBES Part 2·1: 7 Layer Model
2.2 A Practical Realisation of a Remote Meter Reading Protocol
Architecture
The European Committee for Standardisation (CEN) is working on a number of
aspects of protocols for Remote Meter Reading systems. In particular CENELEC
SC205A WG2 is working on the definition of the protocol stack of Low Voltage
Distribution Networks for automatic remote meter reading. The layered model
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chosen for this purpose is the 3 layer model [127] which is derived from the OS! 7
layer model discussed in section 2.1. The three layers of the model are detailed in
Figure 13.

Application

Layer 70SI

Data Link

Layer 2 OSI

Physical

Layer 10SI

Figure 13: - 3-Layer model

WG2 has chosen an application layer in the 3 layer model that is independent of
any communication media, that could be used, in order to have a unique view of all
possible meter configurations. Layers 1 and 2 however are dependent on the
communications media used. The protocol architecture [127] chosen by WG2 is
shown in Figure 14. The application layer shown in Figure 14 is divided into two
parts, the Distribution Line Message Specification (DLMS) [128], and the Logical
Link Access Control (LLAC). DLMS was initially developed by Electricite de
France (EDF) for Power Line Carrier and is derived from the Manufacturer
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Messaging System (MMS) which is defined as an International Standard by IEC
TC 57 (IEC 1334-4-41).

Distribution Line Message Specification
Logical Link Access Control

"

L
Common Application Layer
•
1

Layer 2
j

1

Layer 1

+
PLC
LV

+

+

;

PSTN

TP

Radio

Figure 14:- lEe Protocol Architecture

In order to fully adapt DLMS to metering applications a Companion Standard
(CST) has also been defined by SC205A W02, and is detailed in document N40E
Rev.4 [129, 130]. This Companion Standard should be common to all types of
meters and can be seen as an additional set of rules which gives compatibility with
the semantics and syntax of the DLMS kernel.

An additional document known as the Companion Specification (CSP) also allows
the description of the functionalities of a meter in terms of the objects contained
within it, for example, the meter ID or any communications entities. W02 gives
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specific examples of CSP in documents N42E, N47E, N48E, N5lE, N52E, N53E
and N57E [129, 130]. The CSP can be specific for the individual meters produced
by various manufacturers and should reflect all of the potential capabilities of those
meters. The CSP is not by itself an Application Layer Companion Specification but
permits the meter to be presented as a transparent, independent representation in a
communication network. The development of such a Companion Specification is
detailed in Figure 15.

CSPl

CSP2

Gas

Water
:Meter

:Meter

CSP3

Companion
Standard

Distribution line Message Specification

Logical link Acce$ Control

Figure 15: -: A Companion Specification
WG2 has defined common objects for a meter including ill, encryption key,
address of customer, and billing. However every manufacturer still has within the
terms of the standard the possibility to further develop the capabilities of his
particular meter and adapt these capabilities to a particular Utilities requirements.
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Definition of objects is a major part of the Companion Specification of any meter
since it is these objects which ultimately define the behaviour of the meter as seen
from the perspective of any communication links. A Companion Specification
shall represent physical devices, like a meter or the Metering Interface Unit
discussed in sections 1.4.6 and 1.4.7, as an individual or multiple Virtual
Distribution Equipments (VDEs), with each VDE representing one function of the
device. In the Metering Interface Unit (MIU) for example, a dedicated VDE shall
be assigned for the purpose of representing the information actually pertaining to
the physical device itself. This VDE shall normally be termed the Management
VDE. In the simplest of Remote Meter Reading configurations an MIU may
contain only a Management VDE whilst the meter or meters may contain both a
Metering VDE and a Management VDE. Other more complex Remote Meter
Reading systems could contain not only Management and Metering VDEs but also
Supervision and special application VDEs.

The remote meter reading schemes proposed in this thesis shall be based on
models, as shown in Figures 16 - 20, which are compatible with both the OSI,
CENELEC SC 205A WG2 and HBES models. Where amendments to these
models have been made, such amendments generally deal with the practical
implementation of a Remote Meter Reading system.

2.3 Development of a Protocol Architecture Suitable for a Second Tier
Supply and Wide Area Network Remote Meter Reading Systems
In conjunction with the standards and principles defined in CEN TC 294 WG2,

the OSI 7 Layer Model and European Standard, prEN 50090-2-1, Home and
Building Electronic System, HBES Part 2-1, 7 Layer Models a Remote Meter
Reading system communications architecture could have four separate 'protocol'
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and possibly utilise a number of different protocols for each interface. Figure 16
shows these possible interfaces.

Network
Elements

Gas

meter

Water
meter
Metering
Protocol

-------

Network
Element

------,~------ ----

Metering
Interface
Unit

Network
~~~------~~ ~e~t

Protocol

----------Data Collection
Network
Element (s)

Centre

Local Area Network
Protocol

--------------- ----------------------

Wide Area Network
Protocol

Figure 16 - Proposed Protocol Architecture for Remote Meter Reading
System
The protocols shown iQ Figure 16 suggest an architecture where one protocol is
used for metering communications, the second for local and the third for wide area
communications, and the fourth for Network or Equipment management. In Figure
16 the metering protocol could be realised separately, possibly in compliance with
European Standard, PrENV 50065-3 November 1994 [42], whilst the local area
network could be based on standard LAN protocols as defined in the DLMS or
IEEE 802.3 standards. TCPIIP could be used for the wide area network protocol
whilst SNMPIIP is used for the Network Management protocol.

55

Figures 17, 18 and 19 shows how the proposed protocol architecture of Figure 16
and the same standards and principles, of the CENELEC TC 205A WG2, the OSI
7 Layer Model and European Standard, prEN 50090-2-1, and the Home and
Building Electronic System, HBES Part 2-1, 7 Layer Models, could be used to
define a Remote Meter Reading System from the Application, Layer 7, through to
the Physical medium, Layer 1, in a second tier supply system where metering data
needs to be transmitted over both a local and wide area network.

The proposed Network Managment protocol, as shown in Figure 16, and a method
of implementation for a Management Communications Channel and Network
which could be used to transmit control, and receive monitoring and performance
information from a meter or communications elements will be discussed in sections

2.3.1 and 3.19.1.
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Figure 17 - Identification of Remote Meter Reading OSI layers
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The model shown in Figure 17 is itself not a network architecture since it does not
specify the exact services and protocols to be used in each layer of a Remote Meter
Reading system. The model only proposes what each layer in a Remote Meter
Reading system should do in terms of functionality. Figure 18 expands on the
model shown in Figure 17 and does suggest a network architecture using a
Metering Interface Unit and Data Collection Centre.
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Figure 18 - Proposed Remote Meter Reading Network Architecture
Figure 19 shows how the network architecture, of Figure 18, could be expanded to
cover a second tier supply system where metering data needs to be transmitted
over both a local and wide area network.
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The possible functions of the layers, within the models shown in Figures 17, 18 and
19, are discussed, in terms of the Application Layer through to Physical Layer, for
Remote Meter Reading applications.
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Figure 19 - Relationship Between Protocols in a Wide Area Remote Meter Readin~
System
Application Layer
The Application Layer m any Remote Meter Reading serYlce should provide
general services to Remote Meter Reading including such applications as the
transfer of complete files containing metering data.

Presentation Layer
The Presentation Layer of a Remote Meter Reading system should be capable of
converting the metering data from the Application layer into a suitable format for
accessing communication resources. A typical example of this could be the
encoding of metering data into a standard format.
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Session Layer
The Session Layer of a Remote Meter Reading system should maintain and
control the dialogue between a MeterlMetering Interface Unit and for example a
Data Collection Centre. This may mean for example allowing metering data to go
in both directions, full duplex, from and to the Data Collection Centre or in only
one direction at a time. The session layer is also responsible for synchronising
meter data transfer.

Transport Layer
The Transport Layer of a Remote Meter Reading system should be responsible for
ensuring end to end communication between the MeterlMetering Interface Unit
and the Data Collection Centre. One basic function shall be the packetisation of
metering data from the session layer into smaller data units that can be passed to
the network layer.

Network Layer
The Network Layer of a Remote Meter Reading system should be responsible for
routing information across the network and control of the communications subnet
shown in Figures 18 and 19. The network layer would also be responsible for
ensuring congestion is controlled in the flow of metering data from a Metering
Interface Unit to a Data Collection Centre.

Data Link Layer
The Data Link Layer of a Remote Meter Reading system should be responsible for
providing a data exchange between the MeterlMetering Interface Unit and a Data
Collection Centre. The main task is to break up the metering data into frames,
transmit the frames sequentially, and process any acknowledgement frames sent
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by the Data Collection Centre. The Data Link Layer in a Remote Meter Reading
System shall also be responsible for flow control..

Physical Layer
The Physical Layer of a Remote Meter Reading system should transmit the
metering data bit stream to the physical medium which shall include but not be
limited to Power Line, Radio, and Cable including optical, coaxial, and twisted
pair.

There are several key design issues that occur in Figures 8 to 19 relating to the
possible Protocols that could be used in Remote Meter Reading communications
and these need to be discussed in conjunction with four proposals. Two of these
proposals have already been discussed in Chapter 1, sections 1.4.6 and 1.4.7 but
are repeated here for completeness.

1) It was suggested in sections 1.4.6 and 1.4.7 that to reduce the potential cost

impact of implementing a remote metering installation that any communications
software should be installed in a Metering Interface Unit (MIU) and not the meter
itself.

2) It was also proposed in Chapter 1, that the communications architecture for
remote meter reading should consist of a Power Line Carrier system.

3) The third proposal is that in conjunction with 1) and 2) an ATM/SDH
Broadband ISDN medium is used for a Remote Meter Reading Communications
Transport Network. Detailed research to justify this choice is also explained in
Chapter 6.
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4) The fourth proposal is that Radio or Telephone systems are used as an
alternative solution predominantly in the Customer Access network where power
lines are not available or suitable for use, or in the Transport Network if needed.

These proposals are made for a number of reasons. In the development of a
Remote Meter Reading system, with a potential customer base of 23 million, the
actual reading and processing of pure metering data is only one small task, albeit a
very important one. In order to provide a comprehensive, controllable and
effective Remote Meter Reading System, in a second tier supply system, and
possibly over one or a number of geographically dispersed areas, a Totally
Managed Remote Meter Communications Network (TMRMCN) is required.

2.3.1 A Totally Managed Remote Meter Communications Network
(TMRMCN)
A remote meter reading system could involve a very simple connection from the
Computer Operating System, of one REC, to a single piece of metering
equipment, where both the equipment and the connection are located within the
REC's own area boundary, or, a remote metering system could involve a more
complex second tier supply system as shown in Figure 8, where a communications
network could be required to interconnect the Computer Operating Systems,
metering

and

communicating equipment

of a Primary Supplier,

Local

REC/Second Tier Agent, and perhaps the Pooling System Administrator.

In such a second tier supply system a Totally Managed Remote Meter
Communications Network (TMRMCN), as suggested in section 2.3 Figure 16, is
required. A TMRMCN should provide management functions, and offer
communications, between the, possibly, different Computer Operating Systems

61

and the various metering and communications elements of the Remote Metering
systems of the Primary Supplier, Local REC/Second Tier Agent, and perhaps the
Pooling System Administrator.

In a remote meter reading system based on Power Line Carrier and ATM/SDH, for
example, there will be many types of communication elements such as ATM
Hubs, SDH Gateways, Power Line Carrier Modulation Systems, Routers, and
Metering Interface Units, all of which provide functions for enabling the flow of
metering information between a Customer's Premises the Local REC/Second Tier
Agent, and the Primary Supplier. When managed such equipment could be
generically referred to, using the terminology defined in ITU-T M.301O, as
Network Elements.

To implement a Totally Managed Remote Meter Communications Network
(TMRMCN) a Management Communications Channel or Network is required
which should be conceptually a separate network from the communications
network, used to transmit or receive metering data, although it may use parts of
that communications network to send and receive information from, and control
the operation of, the Network Elements. The main objective of such a
Management Communications Channel or Network should be to provide a
framework for the total management of a remote meter reading system. The
principle behind keeping the Management Communications Channel or Network
logically distinct from the communications network, used to transmit or receive
metering data, provides a means of distributing management functionality in either
a centralised or decentralised Remote Meter Reading management system, to the
metering and associated communications equipment to be managed.
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A Management Communications Channel or Network can be used to support the
planning, installation, operations, administration, maintenance and provisioning of
Electricity Supplies in conjunction with Remote Meter Reading and any
associated communications network.

To enable this management to take place the Network Element software in a
Remote Meter Reading system should also include software packages that are
applied during normal operation and include such functions, as enabling
communication with other internal or external network elements, of the Remote
Meter Reading system and a Network Management system, to ensure a Remote
Meter Reading Network Element operates as one unit with regard to functionality.

It is also proposed that a set of Remote Meter Reading Network Elements is
required that permits flexible configuration thus enabling the system to be easily
and readily adapted to specific communications architectures or technologies. Any
Network Management System software or protocols, used in a Remote Meter
Reading system must also be capable of controlling and monitoring, via the
Management Communications Channel or Network, any Network Element,
including meters, metering interfaces or any other communications element. The
Network

Management

System

software

or protocols

must

also

enable

communication between the Network Element and a Network Management
System which is characterised by the utmost flexibility with respect to application
and configuration and which for example could improve or influence the
processing of metering data.

In compliance with Figure 4IITU M.30 10 therefore it is also proposed that an
additional protocol, relating to Network Management, should be incorporated in a
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Remote Meter Reading system. This Network Management Protocol would
incorporate a Message Communication Function (MCF). The MCF shall be used
to convert Management Applications Functional data structures into structures
that can be transmitted, via the Management Communications Channel or
Network, to the Network Elements including the meters themselves.

The realisation of the MCF should have a common OSI stack where only Layers I
(Physical Layer) and Layer 2 (data link layer) are employed, since these layers
have to meet different requirements for each type of communications interface
available.

A Remote Meter Reading Network Management System could use a protocol such
as the Simple Network Management Protocol (SNMP)lInternet Protocol (IP) to
communicate management and metering information, through the Management
Communications Channel or Network, from a main Network Management Centre
over a Wide Area Network as shown in Figure 20. In section 3.19.1, further
research shall show how the Message Communication Function of such a Totally
Managed Remote Meter Communications Network (TMRMCN), using the Low
Voltage Distribution Network, could be implemented using an embedded or data
control channel (DeC) to provide the Management Communications Channel or
Network, which although physically integrated in the Mains Signalling Band,
defined by prEN 50065-1 as 3 kHz to 148.5 kHz, is logically separate from the
communications channel used to transmit and receive metering information.
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Figure 20 - Managing Network Elements in a Remote Meter Reading System

In section 1.4.6 it was proposed to not communicate with the meters directly but
through a Metering Interface Unit (MIU). In the case of managing, controlling and
possibly manipulating metering data it is suggested that a different protocol
mechanism, possibly SNMPIIP, as shown in Figure 20, is used for managing the
Metering Interface Unit and other Wide Area Network communication devices,
through a Management Communications Channel or Network. There is additional
reasoning behind this approach. Meters are normally designed to function in
isolation, in that they only collect and store metering and associated data, and only
transmit that data, in this case through a MIU, automatically on a time schedule or
when requested by a Network management or control system. For communication
with the Metering Interface Unit most meters could therefore have any necessary
simple communications software already resident.
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Metering interface units on the other hand and other communication devices,
which could be used in a Remote Meter Reading communications network, may
have to operate in a variety of network types and such devices should be designed
with a minimum of resident software. That is to say, some of the software layers
for these communication devices could be downloaded from the Network
management system, via the Management Communications Channel or Network,
on an 'as and when required' basis.

Designing the meter itself with the additional software capabilities to work on a
number of different type of communications networks would most likely reflect in
an increase in the meter's cost and to do so purely to allow it to be integrated into
a particular Communications or Network Management system may not be cost
effective. This in many ways strengthens the case for using a Metering Interface
Unit for communications instead of communicating directly with the meter.
Communications software relevant to other networks could also be downloaded to
the Metering Interface Unit, via the Management Communications Channel or
Network, as well as any of the other communication devices in a network.

Since a meter is designed to function normally in isolation, the resident software
should not include communication protocols which are complex, network specific
and can require large areas of memory. During the equipment manufacture of
many communications units, a meter is termed a communications unit in this
instance, employed in Local or Wide Area Communications, a unique data link
layer address is assigned that can identify that unit to a network provider. In some
cases these addresses are specific to different equipment vendors, and proprietary
data link protocols are employed. To support network addressing and other
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software downloading across any communications network, then the Meter
communications stack, to provide communication, on a universal basis, and still
be compliant with the OSI 7 layer model, would also need to include protocols,
such as the Internet Protocol addressing scheme or the OSI Network Services
Access Point, or communication across many Local and National Networks could
not be achieved.

It therefore follows that in a remote meter reading system where communication
to the Primary Supplier, Local REC/Second Tier Agent, and perhaps the Pooling
System Administrator, could be required, it is more logical to reduce the
complexity and cost of the meters themselves, and employ Metering Interface
Units, where the Metering Interface Unit Communications stack memory could be
sized, for example, to accommodate the User Datagram Protocol (UDP) at the
transport layer.

Since UDP and IP already form the basis for supporting standard protocols, such
as SNMP and CMIP, the protocol stack necessary for making Metering Interface
Units, and correspondingly remote metering, conform to existing management and
communication standards is already readily available and therefore negates the use
of any specialised protocols, and proposes a Total Network Management solution
to Remote Meter Reading. Further more since the operating and initialisation
software could be stored in an erasable memory the software for the MIU can thus
be replaced, via the Management Communications Channel or Network, with the
latest software version containing any new metering features, without physically
visiting the Customer's premises.
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2.4 Other Protocol Options for Remote Meter Reading Local
Communications Networks
One of the main intentions in providing a Remote Meter Reading system is to
make it as economic as possible, and the probability is that in developing such a
system, equipment from several different vendors shall be used, and the use of
protocols, like the DLMS suggested in section 2.2, may have a significant cost
impact. A second problem with using protocols for communication systems is that
they can be difficult to transport across boundaries when interfacing Local
Communications Networks to Wide Area Networks. Apart from the Distribution
Line Message Specification (DLMS), and the Logical Link Access Control
(LLAC) protocol architecture shown in Figure 14, a number of communication
protocols, that could be used in Remote Meter Reading Systems have been
surveyed by the Institute of Electrical and Electronic Engineers (IEEE) [134].

In conjuction with the IEEE survey it is suggested that any protocol chosen for

Remote Meter Reading systems should be fully transferable, in order to work with
devices, provided by several different manufacturers. In order not to incur research
and development costs the protocol should utilise practical and easily
implemented technology and be completely validated in tenns of software and
hardware. The protocol should be media independent, in that, it should not matter
whether the transmission mechanism is Power Line Carrier, Radio, Copper pair or
fibre optic cable. This independence will allow the service provider to use a
Remote Meter Reading facility for a large number of different user access
situations, in a wide range of geographic locations.

Since a Remote Meter Reading system may use Network Elements supplied by
different vendors then to minimise cost the remote meter reading management
system which shall actually implement and control the reading of meters is also
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suggested as using standard protocols, examples of which are the OSI's Common
Management Information Protocol (CMIP) or the Internet's Simple Network
Management protocol (SNMP).

The IEEE survey [134] suggests a number of LAN based protocols in the IEEE
802.x series. Since a power distribution system [15,23,32,65,71], and specifically
the Low Voltage Distribution Network, generally follows a Tree and Branch or
Bus architecture, a Low Voltage Distribution Network can be thought of as
analogous to the physical medium of many Local Area Networks (LAN). If only
from the physical point of view it would seem logical to assume that the Power
Line Carrier element in a remote meter reading system, could also employ a LAN
protocol. LANs are generally restricted to a small area such as a building, an office
or the site of a small organisation, but they can be interconnected, by such means
as bridges/routers into Wide Area Networks (WANs). With a LAN system users
could share access to the Low Voltage Distribution Network on an equal basis
without suffering long delays.

Shared access would suit a Remote Meter Reading System, using the Low Voltage
Distribution Network, since the efficiency of such systems, as will be shown in
section 7.10.1, could meet the transmission needs of the Primary Supplier, Local
REC/Second Tier Agent, or the Pooling System Administrator, assuming that
access to the metering data is not normally required on a continuous, ie 24 hours a
day, basis.

2.5 Medium Access for a Remote Meter Reading Based LAN System
Most LANs work by allowing all users to complete fairly for access to the
common network. This can be done by contention, by offering access to the
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network in tum to each station, or by pre-allocating bandwidth to some users.
Contention can be very efficient if the network is lightly loaded, as stations will
quickly gain access to the network. However when working near the capacity of
the network, the inherent possibility of collisions, and therefore of retransmissions
increases, and the time to access the network could increase considerably on the
Low Voltage Distribution Network where there could be many potential users.
This area of research is discussed in more detail, in section 7.10.1, with reference
to the 'system throughput' of a Power Line Carrier Communication and
Broadband ATMlSDH Transport Network used in Remote Meter Reading.

2.6 A Carrier Sense Multiple Access/ Collision Detection Contention
Scheme for Remote Meter Reading LANs
The simplest contention scheme for a remote meter reading system over Power
Lines would be for the Meter or a suitable "Metering Interface Unit" to transmit a
data frame whenever it has metering data ready to send. Since it has been
proposed for reasons explained in section 1.4.6 to use a Metering Interface Unit
rather than directly communicating with each Utility Company's individual meters
then the Metering Interface Unit or MIU shall be referred to for communications
purposes and not the meter itself. Early packet radio systems were based on this
principle, called the Aloha system, where a single radio channel was used for
many "slave" stations to a central site which was the master controlling station.
When collisions occurred on this system outstations waited a random time period
and then retransmitted.

The Aloha system was originally based on variable sized frames but since the type
of metering information available will be very well defined it is possible to double
the efficiency by dividing the time available into slots and insisting each frame is
transmitted within a "slot". Such a scheme is known as slotted Aloha. It would be
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possible to improve on the above system if the Metering Interface Unit, instead of
arbitrarily sending data when ready, first checked to ensure that no other unit was
already sending data. This technique is known as Carrier Sense. A number of
protocols which use Carrier Sense techniques exist.

The I-persistent protocol listens to a channel to ascertain if it is busy or not. If the
channel is busy the Metering Interface Unit continuously senses the channel until
it is 'free' again, ie as soon as another Metering Interface Unit has completed its
transmission, then sends a frame. If a collision of data occurs on the channel, the
Metering Interface Unit waits a random amount of time then transmits the frame
again. The protocol is so called because the Metering Interface Unit transmits with
a probability of 1 whenever it finds the channel free.

A second CSMA protocol is known as non-persistent. Before transmitting a data
frame the Metering Interface Unit listens to a channel to ascertain if it is busy or
not. If no other Metering Interface Unit is transmitting data the 'listening'
Metering Interface Unit sends the data frame.

Unlike the I-persistent protocol the non-persistent protocol

does

not

continuously sense the channel for the purpose of transmitting .its data, as soon as
another Metering Interface Unit has completed its transmission, but waits a
random period of time before returning to the channel.

A third CSMA protocol is known as p-persistent. This system is normally used
with slotted Aloha type systems. When a Metering Interface Unit becomes ready
to send a data frame it senses the channel. If the channel is 'free' it transmits its
data with a probability p . If the channel is busy it waits until the next 'slot' is free
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and transmits its data with probability q = 1 - P . If this subsequent slot is busied
out the Metering Interface Unit repeats the process until it succesfully transmits
the data frame or waits again with probability p and q

In a Carrier Sense system once the frame has been sent the Metering Interface Unit
checks the channel directly for collisions. This technique is known as Collision
Detection. Once a collision is detected the Metering Interface Unit could abort the
transmission at the earliest opportunity, a brief "jam" signal is sent to clear to the
network, and after a random interval the Metering Interface Unit retransmits the
data.

2.7 Suitable Protocols for a Remote Meter Reading System Based on a
Local Area Network Power Line Carrier Customer Access Network
There are many protocols which could be adapted to a Low Voltage Distribution
Network LAN. The suitability of the IEEE 802.3 standard using a Carrier Sense
Multiple Accessl Collision Detection (CSMAlCD) I-persistent protocol, which is
already deployed on many LANs, is examined in the following example, however,
other similar LAN type protocols could be used, depending on the individual
transmission requirements of the Primary Supplier, Local REC/Second Tier
Agent, or the Pooling System Administrator. The IEEE 802.3 standard adapted for
Power Line Carrier is suggested not only because the majority of LANs installed
in the computer world are based on this standard which can support speeds
ranging from 1 Mbitls to 20 Mbitls but because equipment to interface such
systems to other communications technologies, including radio and optical fibre,
is also readily available. In a Remote Meter Reading system with a second tier
supply system this is an important feature in the possible development of a Wide
Area Network infrastructure.
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2.8 Addressing the Metering Interface Unit and Individual Meters
The IEEE 802.3 standard [43 and 44] uses a 48-bit address format which is shown
in Figure 21. It is proposed to implement this format in a version that could be
used in a remote metering system.

I1G

IIG

46 - B it Address

U/L

= 0 = Individual Address

= 1 = Group Address
U IL = 0 = Globally Adm inistered

IIG

U/L

= 1 = Locally

Address

Administered Address

Figure 21 • Conventional 48·bit IEEE 802.3 Address
The proposed implementation is shown in Figure 22 where the ftrst bit of the
addressing format denotes either the address of an individual Metering Interface
Unit or a group address. Group addresses in this instance could indicate that the
frame transmitted from a Local Collection Centre and which contains metering
data is destined for all the Meters of businesses consuming more than 100
Kilowatt, but not for residential customers, for example for the purpose of
changing tariffing rates.

110

43 - bit M IU A ddres.

U/L

3 - bit

lad

IV

idu.1

Meier A ddre ..

=

Ga_ Meter
Addre_s 001
Water Meter = A ddre_s 002
Electric M eler ;: Address 110
Broadcast = Address III

Figure 22 • Proposed Version of IEEE 802.3 Addressing for Use in Power
Line Carrier Data Communication
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A special case of the Group address could be where all the destination bits are set
to 1 indicating that the frame is to be sent to all Metering Interface Units on the
network, domestic and residential.

The remote metering IEEE 802.3 address could include three specifically
designated bits in order that the three individual meters of the largest Utilities,
Gas, Water and Electricity, can be addressed if need be. Even with the reduction
this would cause to the addressing bits, 48 to 43 2E 10

43

individual Metering

Interface Units, a total of 8,796,093,022,208, could be addressed. The information
fields of the proposed IEEE 802.3 frame would contain metering data, source and
destination addresses but be restricted to 48 bytes. The purpose behind this is that
once the data has reached the Local Data Collection Centre it would have all
supplementary information bits 'removed' and be reconstituted to contain only
metering data, and source and destination addresses which could then be
retransmitted as a 48 byte ATM frame over a PTa or private Synchronous Digital
Hierarchy Transport Network which is perceived as the Wide Area or National
Network. This topic shall be discussed in more detail, in Chapter 6 and section
7.10

One of the advantages of using LAN protocols on a Low Voltage Distribution
Network and specifically those protocols compliant with IEEE 802.x is that they
are all based on a shared media packet broadcast type network, but instead of
computer or workstations sharing the medium, as is normal, Metering Interface
Units are suggested instead. By providing a remote meter reading Low Voltage
Distribution Network LAN using the IEEE 802.3 standard, Logical Link Control,
as defined in the second layer of the OSI 7 layer model, shall be based on a set of
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link control services common to many communication network node technologies
which in conjunction with the simple connection service offered by the same
standard means metering data could be routed in frames, on a point to point,
multicast or broadcast basis.

2.9 Advantages of SNMP/CMIP and IEEE 802.3 Approach for a Remote
Meter Reading System
Many protocols and communication standards could be used for remote meter
reading on a Low Voltage Distribution Network. The main reasons that a
combined SNMP/CMIP and IEEE 802.3 approach is suggested are:

• CSMAlCD technology and equipment is readily available.

• With the typical loads on a Low Voltage Distribution Network, this is discussed
in more detail in section 7.2, meters/metering interface units shall get fast access
to the network.

• SNMP/CMIP is a recognised standard and is implemented by the majority of
equipment manufacturers

• Both IEEE 802.3 and SNMP/CMIP are compatible with OSI 7 Layer model thus
being uni versally acceptable.

By implementing a standard management and communication protocol agent at a
Metering Interface Unit, then where the metering interface unit is employed with
other communication network elements, such as bridges,
multiplexers, SDH gateways, ATM Hubs
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routers,

radio

to form a remote meter reading

communications network then these units would normally already have the
necessary facilities to implement SNMP/CMIP protocols. The advantage to a REC
of using the Open Standard SNMP protocol is that metering information, for
example consumption, and the data required to manage any system elements,
including communication network elements, can be readily integrated onto
existing network management computer platforms, including that of most main
National Public or Private Network Operators, thus cutting costs.

2.10 Metering Data Formats and Structures
In evaluating suitable protocols, software architectures or data rates an automated
meter reading system, local or remote, must take into account not only the
requirements to provide "purely physical" metering data, but also how to provide
other facilities and information, associated with that data, which can prove useful
to the Primary Supplier, Local REC/Second Tier Agent, or the Pooling System
Administrator and the customer. A customer's perspective can be useful in
ascertaining possible "supplementary data" requirements for remote meter reading
systems. These supplementary data requirements could also be described as the
local administration requirements of a Remote Meter Reading system, since they
would normally involve such items as billing format, type and amount of display
information, and security. For both requirements (Customer and Utility) it should
be possible to determine a " system requirement to data ratio" and therefore the
most efficient communications medium, in terms of message format, bandwidth,
and reliability, for carrying that data.

For example, if the requirements of the Primary Supplier, Local REC/Second Tier
Agent, the Pooling System Administrator and Customer are relatively simple, for
example the basic measurement and display of energy consumption only, then a
remote meter reading system could measure the quantity of electricity, gas or
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water consumed, and then use this information for manual billing purposes. In this
instance the "system requirement to data ratio" would be relatively small
Subsequently the metering data to be transported across a communications
network, could use relatively simple modulation techniques, small bandwidths, and
anyone of a number of communications methods, for example power line carrier,
telephone line or radio.

The small amount of transmitted data, typically 10 to 50 bitsls, required for such a
remote meter reading facility, could be provided using a simple multiplexer
equipment as the Metering Interface Unit, to combine the three services metering
inputs, with connection established to the data collection centre via a dial up
modem such as described in Figure 23.

Gas

meter

Electric
meter

Water
meter
~

~
Multiplexer

Telephone

'+I

Tone
Operated Swit ch
PSTN Line

Figure 23 - Dial Up Modem Remote Meter Reading Service
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The telephone line could be alternated from the telephone instrument to the
remote meter reading system for example by a "tone controlled" switch. However
where a REC wants to provide a more flexible remote meter reading system and
additional facilities, such as the resetting of tariffs remotely from the data
collection centre and security monitoring (against fraud through meter tampering),
then the amount of customer data will increase in conjunction with these extra
facilities and the type of system detailed in Figure 23 would be inappropriate.
Table 3 suggests some of the possible requirements, of both Customer and the
Primary Supplier or Local REC/Second Tier Agent, which could be required in a
modem remote meter reading system. The Customer Access Network in this case
will be required to handle greater volumes of data transmitted to and from each
individual customer to a Local Data Collection Centre, which given the likely
nature of this data, suitable error correction and protection mechanisms may also
be needed.

UTILITY

USER

Automatic Meter Reading
Dynamic Tariff Control
Service Management
Service Profile
Credit Control
Fraud Detection
Network Management
Remote Disconnection
Connection

Consumption in Relevant Currency
Current Unit Cost
Next Bill Projection
Competitive Purchase
Uniform Price Increases
User Friendly

Table 3 - Requirements for a Remote Meter Reading System

The resultant metering data would then be transported from a number of such
Local Data Collection Centres to a Main Data Collection Centre. In conjunction
with this somewhat simplified approach, Mak & Radford [14] present a more
detailed analysis of three generic communications infrastructures and develop
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expressions for the system response times and message throughput of those
infrastructures in the context of a Remote Meter Reading system. For example, it
is suggested [14] that assuming a typical residential electricity meter has six or
less dials, and a minimum resolution of tenths of kilowatts, a monthly total
consumption meter reading could be transmitted in three bytes of data. Table 4,
shown below, takes this suggestion a stage further and proposes the breakdown of
metering data into a number of simple bit allocations where each 'bit grouping'
represents specific information, relative not only to energy consumption, but other
features that could be relevant to a remote meter reading system.

No of Bits
40

Utilitv Use
Automatic
Meter Reading

4

Dynamic Tariff
Control
Credit Control
Fraud Detection
Remote
Disconnection!
Reconnection
Service
Management

3
1
1

User

Based on simple Flag system.
Set On / Set Off

Number of bits required for this
depends on level of service to be
provided
Number of bits required for this
depends on amount of profile data
to be stored/recorded
Number of bits required for this
depends on level/depth of network
be
to
management
facilities
provided

Service Profile
Recording
Network
Management

24
24

Comment
Automatic Meter Reading - Based
on binary scheme. 40 bits IS
estimated sufficient to carry
information on capacity of supply
up to a maxImum of 1000
Megawatts.
Dynamic Tariff Control - Based on
sixteen levels of tariffs

Consumption in
relevant currency
Current Unit
Cost

Table 4 - Data Requirements in Bits for a Remote Meter Reading System

The 'bit groupings', shown in Table 4, could represent the following information.
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Automatic Meter Reading
40 digits or bits are allocated to carrying meter data. Even using a simple binary
scheme this would allow the transmission of information on energy usage up to a
total capacity of 1000 Megawatt, or 2 40

Dynamic Tariff Control.
It is suggested 4 bits are allocated to this and the number of tariff levels would

then be 24

= 16, or Tariff 0001 = 1 pence per unit in

summer, Tariff 0010

= 50

pence per unit in winter.

Credit Control
These three bits of data could be allocated on the basis of eight levels of credit,
possibly related to automatic payment of bills by credit card, bank debit, or, Ill,
Excellent Credit, Pays by direct Debit, 000, Poor Credit, Two Bills Outstanding.

Fraud Detection
In the event of tampering with either the metering device, or the associated
communications network this Flag should be raised. As explained in Chapter three
this action may also cause an amendment to the Frequency Hopping sequence in a
Frequency Hopping Power Line Carrier system.

Remote ConnectionlDisconnection
This bit could be set by the Network Management system operator, manually, in
the event of a need for disconnection of the service to a particular client, for
example for non payment of bills.

Service Management, Service Profile Recording, Network Management
The number of bits allocated to these features could vary dependant on the scope
required, for example service profile might include data on how long the client
had been with a utility, what his payment record was like.
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Consumption in Relevant Currency
It is suggested 24 bits are allocated for this purpose. The data calculated here
should be related to the Automatic Meter Reading discussed earlier. Four bits
would be allocated to each monetary digit, ie 0000.00. The Consumption in
relevant currency would be a direct multiplication of the Current Unit Cost x
Automatic Meter reading.

Current Unit Cost
This should be presettable by the REC.

2.11 Encoding, Transmitting and Decoding Metering Data Formats and
Structures
Not only is the format and structure of metering data relevant but the entire
problem of encoding, packetisation, transmitting and decoding (transfer syntax) of
those data structures for transportation across networks whilst providing
equipment-independent communication is also important. The Message Transfer
system of the application layer of a protocol stack is concerned with encoding,
packetisation, transmitting and decoding (transfer syntax) those data structures for
transportation across networks induding relaying the values of different types of
data structure, where the types may never be pre-defined, from the originator to
the recipient. To ensure that communication can take place across a network,
independent of the equipment supplied, both an abstract syntax and a transfer
syntax are required. An abstract syntax is a method which allows the logical and
unambiguous description of messages using a set of predefined rules or types. A
transfer syntax is a set of encoding rules which determines the series of bits to be
transported based on the abstraction representation of the message and its true
application value.
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When a message comes into the Message Transfer system the syntax is checked
for validity, and if found invalid, is sent back with an explanation. If it is a valid
message then normally a message identifier and time stamp are affixed. Possible
message types can include text such as American Standard Code for Information
Interchange (ASCII) and if the recipient cannot directly accept the message type
an attempt must be made to convert it to the requisite type before delivery.

The European Committee for Standardisation (CEN) produced a document,
CENffC1294IWG2 N.59E, November 1995 [131], which compares the relative
performances of different encoding rules used by application layers based on the
Distribution Line Message Specification (DLMS) shown in Figure 14. Both the
Distribution Line Message Specification (DLMS) protocol definition, and the
IEEE 802.3

using Carrier Sense Multiple Access/ Collision

Detection

(CSMNCD) protocol, described in section 2.7, use the only presently available

International Standardised abstract syntax, ASN.l (Abstract Syntax Number 1).
ASN. 1 is described in International Standard 8824 whilst the rules for encoding
data structures are given in International Standard 8825.

Remote meter reading applications shall involve the exchange of a data structures
between many possible infrastructures including meters, Metering Interface Units,
Local data Collection Centres, and possibly National Data Collection Centres. The
structure used to transfer metering data may contain Automatic Meter Reading,
Dynamic Tariff Control, Credit Control, Fraud Detection, Remote Connection and
Disconnection, Service Management, Service Profile Recording, Network
Management, Consumption in Relevant Currency, and Current Unit Cost Data, as
shown in section 2.10, in addition to other information such as addressing. These
data structures are generally shown as being represented by frames, or packets as
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shown in Figures 21 and 22. In a Remote Meter Reading system for example a

Call Request Packet could be regarded as a data structure with fields for the
packet type, Metering Interface Unit and Data Collection Centre addresses, and
other meter parameters. Such data structures can be transmitted as Application
Protocol Data Units (APDUs).

The fields of these APDUs could be complex and be of a more complicated type,
for example boolean or integer, than the simple binary scheme suggested in
section 2.7, and a more formal method is required to describe their data structures.
The idea of using Abstract Syntax Number 1 is to define all possible metering data
structure types and package them together in a module. As Figure 24 shows when
a Remote Meter Reading application wants to transmsit a metering data structure
(ie an APDU), it can pass the metering data structure to the presentation layer,
along with the ASN.l name of the data structure. Using the ASN.l definition as a
guide the presentation layer then knows what the types and sizes of the fields in
the data structure are and therefore knows how the decoding should be carried out.
At the receiving end, the Metering Interface Unit, the presentation layer looks at
the ASN.l identity of the metering data structure (encoded in the first byte) and
knows how many bytes belong to the first field, the other fields and their types.
With this information the presentation layer of the Metering Interface Unit
protocol stack can convert any external format used on the external connection to
its own internal format. For example if the agreed upon format for transferring
metering information is two's complement and the Metering Interface Unit uses
one's complement, the presentation layer of the MIU protocol stack can convert
all the metering information to one's complement before passing the APDU to the
user.
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Figure 24- Data Transmission in A Remote Meter Reading System

Figure 24 shows an example of how metering data could be transmitted using the
models shown in Figures 17, 18 and 19. The meter in Figure 24 has orne data to
send to the Metering Interface Unit. It 'passes' this metering data to the
application layer which then attaches an application header (AH) to the front of the
'raw' data and passes the resultant frame to the presentation layer. The
presentation layer could transform the applied data into a requisite data structure
suitable for communication between the Meter and Metering Interface Unit, and
add a header (PH) to the front before passing the result to the session layer. It is
important to note that although in Figure 24 the data from the application layer to
the presentation layer is shown as two separate data entities in fact the presentation
layer is not aware of which portion of the data passed to it is true
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metering data. The process is continued until the physical layer where the resultant
is actually transmitted to the Metering Interface Unit.

The principle behind the model shown in Figure 24 is that although the actual
transmission of metering data is a vertical process, each layer is programmed in
effect as if it were horizontal. When the sending session layer gets a message from
the presentation layer it attaches a session header to it and sends it to the receiving
session layer for example. The transmission between the meter and Metering
Interface Unit shown in Figure 24 could equally have been applied to transmision
between the MIU and Data Control Centre or between the DCC and a Wide Area
Network.

As opposed to the abstract syntax the choice of transfer syntax must be made at
the application profile level. Where a Utility wishes to use the Distribution Line
Message Specification (DLMS) CENffC1294IWG2 N.59E assists in the choice of
transfer syntax by providing theoretical comparisons of different encodings, based
on a representative sample of ASN.l structures. The general principle behind
these encodings is that each value transmitted consists of four fields:

a. An identifier
b. The length of the data field, in bytes.
c. The data field.
d. The end of contents flag, if the data length is unknown.
The first three bytes are always present. The last field is optional.

The identifier field identifies the item that follows. The identifier field has itself
three subfields, the Tag (2 bits), Primitive/Constructed field (1 bit), and the
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Number field. The TAG field can consist of the following bit groups which are
each used to identify a specific type of data.

00 UNIVERSAL
01 APPLICATION
10 Context-Specific
11 PRIVATE

The Primitive/Constructed field is set to 0 for primitive type and 1 if the syntax is
constructed.

The Number field contains five (5) bits which are used to encode the value of the
Tag if it is in the range 0 to 30. If the tag is greater than 30, ie 31, the number field
contains the value 11111, with the true value of the Tag in the next byte(s).

Following the Number field of the Identifier comes a field telling how many bytes
the data occupies. For data lengths of less than 128 bytes encoding takes place of
these data lengths directly into this byte. For longer data lengths multiple bytes are
used.

In some instances data may be passed from the Application Layer to the
Presentation Layer in smaller units, particularly where the presentation layer has
only limited buffer space. To indicate this special situation the length of the data
field is set to all ones to indicate the data field is of variable length. In this
instance the data field would then be terminated by an end-of-contents flag. The
encoding of metering data depends on how that data is represented. Integers are
normally encoded as twos complement, Booleans are encoded with FALSE as 0
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and TRUE as any other value, Bit strings are directly encoded on a one for one
basis, Octet strings are transmsitted with the most significant digit first.

It has been shown in this chapter that there are a number of protocol options, such

as DLMS and the IEEE 802.3 standard, available to any Utility who wishes to
implement a Power Line Carrier based Remote Metering system on the Low
Voltage Distribution Network. In conjunction with the choice of protocol, and the
subs~quent

transmission and reception of metering data, further research in

Chapter 3 suggests the modulation schemes that could be used to transport this
data on a Low Voltage Distribution Network using Power Line Carrier.
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Chapter 3 - Modulation Systems for Low Voltage
Communications
3. 1 Introduction
A Power Line is designed to carry mains power distribution and its characteristics
are optimised to allow it to do so. The same characteristics that are useful for
mains power distribution do not make Power Lines ideal for communications
signalling. Previous research [11,12,15,16,17, 25 and 26] into the suitability of
power lines as a possible communications medium, for Remote Meter Reading,
had indicated that the loaded line impedance, voltage and noise values
[11,12,15,16,17, and 25], present at the higher levels of the National Grid
Transmission network, 275kV and 133 kV, could make this network unsuitable
for transmitting and receiving metering data.

The Low Voltage distribution network of the RECs, 33kV, IlkV, 415V and
230V, although not suffering the same levels of impedance, voltage and noise
[2,5,10, and 11], as the National Grid transmission network, is still a hostile
medium in comparison to a telephone line for example. The Low Voltage
Distribution Network could offer a more suitable medium for transmitting and
receiving data [2,5,10,11, and 21], in a Remote Meter Reading system, but the
choice of modulation system used, in conjunction with the transportation of such
data, is of prime importance.

In choosing a modulation system for communicating Remote Metering data, on

the Low Voltage Distribution network, the possible effects of such a signalling
system on the network, and the network on the signalling system, cannot be
evaluated in an isolated manner. The operation of such a Low Voltage Signalling
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System (L VSS) must also be considered in a 'shared' environment since it is
likely that Remote Metering may not be the only 'user' of Power Line for
communications purposes. The effects of a particular Low Voltage Signalling
System used for Remote Meter Reading, on other communications systems, also
needs to be analysed.

There have been previous investigations into the use of Low Voltage Modulation
systems [2, 5, to, 11,15,16,25 and 42]. In many instances these investigations have
concentrated on a particular modulation scheme relevant to the communication
system under investigation and predominantly concern Frequency Shift Keying
and Amplitude Shift Keying, although Spread Spectrum techniques have also been
covered. It is proposed that what is needed is a universal model for evaluating
modulation systems for use in Low Voltage Signalling. Such a model needs to
incorporate both the individual characteristics of a Remote Meter Reading
modulation system, the characteristics of any other Low Voltage Distribution
Network signalling system, and a combination of these two characteristics in a
shared environment, the desired Remote Meter Reading signal and other possible
interfering Low Voltage Distribution Network signals, including all their relevant
mechanisms, such as receiver selectivity, power line propagation and attenuation
characteristics. The ideal Low Voltage Distribution Network analytical signalling
model is one in which all of the possible characteristics of the modulation
systems, and a Power Line, are combined in order that the effects between the
transmitter and receiver can be ascertained.
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3.2 Signalling Characteristics Of Power Line
The signalling characteristics of a Power Line in use in the United Kingdom and
Europe can be summarised as follows:

3.2.1 Bandwidth
A practical bandwidth of 3 kHz to 148.5 kHz is defined by EN 50065-1 for Low
Voltage Signalling applications. (In the USA the band 40 kHz to 450 kHz has
been allocated for this purpose).

3.2.2 Voltage Levels
It has been shown, by British Telecom [109], that 95% of the 10 minute mean
RMS value of the voltage characteristic of electricity supplied by public Low
Voltage Distribution Networks in the United Kingdom can suffer both transient,
and large harmonic overvoltages, for short periods but that under normal operating
conditions can be related to a nominal voltage, Un.

(i) Un ± 10%. Where Un = nominal voltage.

It is expected that the nominal voltage, Un, for public Low Voltage Distribution
Networks in the United Kingdom should have the following standard values.
These standard values are expected to be mandatory by the year 2003.

(i) Un = 230 V between phases for three wire three phase systems
(ii) Un = 230 V between phase and neutral
(iii) Un

=400 V between phases for four wire three phase systems.

Until the year 2003 the nominal voltages can differ from the standard values.

90

3.2.3 Power Frequency
Under normal operating conditions the average value of the fundamental
frequency of the same supply voltage in the United Kingdom in a corresponding
study by British Telecom [109] should be 50 Hz, when interconnected to a loaded
Low Voltage Distribution Network, and should be within the range:

(i) 50 Hz ± 1% during 99% of year

(ii) 50 Hz ± 6% during 1% of year

when measured over a period of ten (10) seconds.

For the same fundamental frequency, where the distribution system was
interconnected to an unloaded Low Voltage Distribution Network the values were
found to be:

(i) 50 Hz ± 2% during 95% of year

(ii) 50 Hz ± 15% during 5% of year

3.2.4 Harmonics of the Supply Voltage
Harmonics of the supply voltage [109], during each period of the week, for 95%
of the 10 minute RMS voltages value shall not exceed the values given in Table 5:
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Not Multiples
of3
ReI.
Order
Volts
%

13

6
5
3.5
3

17
19
23

2
1.5
1.5

5
7
11

ODD Hannonics
Multiples of 3
Order

EVEN Harmonics

ReI.
Volts

Order

ReI. Voltage
%

%

3
5
2
2
9
1.5
4
I
0.5
0.5
>9
>4
Measurements were not taken at the following values because
there effect at the harmonic frequency concerned was judged not
to effect the fundamental frequency

Table 5 • Values of Individual Harmonic Voltages at Low Voltage Supply
Terminals

The values given are a percentage of the nominal voltage Un. It is possible that
certain resonances may cause higher voltages for an individual harmonic but in any
case the total hannonic distortion of the supply voltage should not exceed 8%.

3.3 Attenuation on the Low Voltage Distribution Network
The attenuation on a Low Voltage Distribution Network [10,16,17,25,26,67,68],
as shown in figures 25 and 26, can vary dependant on, the type of building,
frequency of operation, and the time of day, when the measurements where taken,
from a few dBIkm, on unloaded cable, to tens of dBIkm in conjunction with rising
user demands on the network. The attenuation also tends to increase at the higher
frequency ranges, above 125 kHz.
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Attenuation versus Frequency, Industrial Building, Dayt:i.rre
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3.4 Loaded Line Impedance
The characteristic impedance of an unloaded transmission line is given by the
equation:

Zo =

..J R+ jillLlG+jmC

(1)

where:

R, Resistance in ohms per unit length
G, leakance in siemens per unit length
C, capacitance in farads per unit length
L, inductance in henries per unit length

Attenuation also increases [65,68,75,89,109,116] as the square root of the
frequency in a transmission line. At the frequencies of Low Voltage Signalling, 3
kHz to 148.5 kHz, the ideal transmission line can be approximated by the
shortened version of this formula since ill C > > G and ill L > > R and therefore:

Zo = ..JLlC

(2)

Where L is the inductance per unit length and C is the capacitance. Thus the
characteristic impedance is purely resistive and can be independent of frequency.

The problem with the analysis in equations (1) and (2) is that power lines have
multiple tributary connections to other overhead and underground lines, and every
time an electrical device is added to the network the characteristics, of a loaded
power line, compared to an unloaded transmission line, can change. Previous
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practical measurements [17, 2S, 26 and 120] had shown that a uniform High
Voltage Distribution Network, with no connections to other overhead or
underground lines, may have a typical value of 4S0 ohms, whilst values [10, 16,
72, 120], of 1 - 20 ohms for loaded 230 volt lines, and S-ISO ohms, for a Low
Voltage Distribution Network, were typical.

Recent measurements, reported by CENELEC SClOSA WG4, for prENS006S-4,
highlights the problem. A limited programme of network impedance measurement
were carried out in three European countries, France, Germany and Italy. These
results are considered to be representative of similar Low Voltage Distribution
Networks in other EEC member nations, and show that the static distribution of
impedance values in the frequency range, 3 to 148.SkHz, specified by prEN
S006S-1 for Mains Signalling, have the following characteristics:

• The Low Voltage Distribution Network impedance is very rarely greater than
200.

• 90% of the values of the Low Voltage Distribution Network impedance lie in the
range O.SO to 100

• The most frequent Low Voltage Distribution Network impedance values are
around SO.

• The impedance value depends on where the measurement was taken on the Low
Voltage Distribution Network.
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The reason for these varying impedance characteristics was that, although in
general the Low Voltage Distribution Network has a complex 'tree or branch'
structure of phase and neutral conductors, and earth lines, with the power supply
point situated on the 'root' of the tree, and the consumer loads distributed on the
branch ends, the actual physical layout, of Low Voltage networks, could vary for
different consumer loads. The consumer loads are normal household (cookers,
fridges) and other professional electric equipment (HIPI, Radio) which have a very
low impedance in the range O.ln to lOn, mainly due to the radio interference
suppression filters fitted in them. In taking these consumer loads into
consideration the impedance of any cables or lines in the Low Voltage
Distribution Network is not negligible by comparison.

3.5 Delay Distortion on the Low Voltage Distribution Network
Draskovic, Simic and Nicoara [25,26] suggest it is possible to model the delay
distortion of a signalling system, on the Low Voltage Distribution Network, by
using a linear filter to simulate the Low Voltage Distribution Network
characteristics. A signal passed through such a filter incurs amplitude delay
distortion which can be shown [25,26] to be derived from the phase/frequency
characteristics of the filter model. Low Voltage Signalling systems also have
bandwidth limitations [4, 7, 8, 9, 20, 21, 23, 49] which can lead to a non-linear
phase response and envelope delay distortion in Amplitude Modulated Low
Voltage Signalling systems.

3.6 Noise and Interference Sources on the Low Voltage Distribution
Network
The sources of noise and interference [16,17,25,26,30,69,72] on a Low Voltage
Distribution Network can be broadly categorised as follows:
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Hannonic Noise: Introduced mainly by AC motors

Household Noise: From household equipment, cookers, vacuum cleaners.

Industrial Noise: From machinery or generators and usually of a bursty nature.

Interference Noise: From other communication systems sharing the Low Voltage
Distribution Network

3.7 Characteristics of a Low Voltage Signalling System
It is proposed that the modulation system for a Low Voltage Distribution Network
should meet the following criteria, if it is to operate with the varying impedance,
voltage and noise values detailed in sections 3.1 to 3.6.

a. Frequency Conversion
A baseband signal containing metering data should be able to modulate a Power
Line Carrier frequency and be "translated" to a higher frequency within the Mains
Signal1ing Band, 3 to 148.5 Khz, defined by prEN50065-1, where there may be
less probability of interference from sources, such as a TV Line signal of 15 kHz,
detailed in section 3.6.

b. SignaVNoise Ratio
The choice of modulation system should improve signal to noise ratio by
optimising the available channel bandwidth of 3 to 148.5 kHz, or subdivisions of,
for Low Voltage Signalling systems.
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c. Resilience
The modulation scheme used for low voltage signalling systems must be able to
maintain a specified error probability for a given metering data rate even with the
high levels of attenuation, noise and interference present on power lines as
discussed in sections 3.1 to 3.6.

d. Power Efficiency
In achieving a given specified error performance a Remote Meter Reading system

must make efficient use of transmitted power. Link budget calculations with
adequate safety margins against errors must be achievable

e. Low Carrier to Cochannel Interference Power Ratio (CCI)
The modulation system chosen for a a Remote Meter Reading system must allow
the available bandwidth of 3 to 148.5kHz to be shared with other users without
causing interference.

f. Low Out of Band Radiation
Harmonic voltages produced by the Low Voltage signalling system must be of

such a level that they do not cause interference with other communications
systems outside the 3 to 148.5kHz frequency band.

g. Constant or Near Constant Envelope
A constant or near constant low voltage signalling pulse shape is required to avoid
waveform transition at any change of data state which can cause baseband
spectrum spreading outside any allocated channel within the 3 to 148.5kHz
frequency band.

3.8 Low Voltage Signalling Modulation Methods
Modulation on a Low Voltage Signalling system is performed by causing a
variation to the Low Voltage sinusoidal carrier by one, or a combination of, the
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amplitude, frequency, or phase characteristics, of the baseband signal. A Low
Voltage sinusoidal carrier is given by the equation [30]:

Vc

=A cos (arr+<I»

(3)

and the three modulation methods are Amplitude Modulation (AM), Frequency
Modulation, and Phase Modulation, since the parameters involved in equation (3)
are amplitude A, frequency o.Y'2n, and phase

<1>.

3.8.1 Amplitude Modulated Low Voltage Signalling
Amplitude Modulated Low Voltage Signalling (AMLVS)

IS

one form of

modulation used on Power Lines. The envelope of an Amplitude Modulated Low
Voltage Signalling carrier wave follows the waveform of the modulating signal,
and is shown in Figure 27.
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The Low Voltage Signalling demodulator recovers this waveform from the
envelope at the receiver. For a Low Voltage sinusoidal carrier signal, Ve

m et , modulated to a depth

=Vc cos

m , (where m is the modulation depth of an AM

waveform given by the ratio of the maximum amplitude (A) minus the minimum
amplitude (B) shown in Figure 27, of the modulated signal divided by A + B, m =
A-B/A+B), by a sinusoidal modulating signal, Vm

= Vm cos

m mt, the resultant

Amplitude Modulated Low Voltage Signal is

V=(1 +m cos rum!) Ve

(4)

which equals:

v = (1 + m cos ru m!) VC cos ru ct

(5)

=Vc[cos met + 112 m cos(me + mm)t + 112 m cos(rue -mm)t

(6)

The Amplitude Modulating signal, of Figure 27, contains several modulating
frequencies, ranging from ft 300 Hz. to f2 2.4 KHz. and the resultant Amplitude
Modulated Low Voltage Signal shall contain a number of other frequencies in
addition to the carrier fc, for example fc +

fI.

fc -

fI.

fc + f2. and fc - f2. The

Amplitude Modulated Low Voltage Signal is said to consist of two sidebands
occupying the same bandwidth as the baseband signal. In the upper sideband, the
highest frequency equates to the highest frequency in the baseband signal and in
the lower sideband the lowest frequency equates to the lowest frequency in the
baseband.

Amplitude Modulated Low Voltage Signalling makes very inefficient use of
transmitted power, as the information content is transmitted only in the sidebands,
but the majority of the power is contained in the carrier, normally two-thirds of the
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transmit power is contained in the carrier whilst only one sixth is contained in
either sideband. Amplitude Modulated Low Voltage Signalling systems do
however use very simple equipment and can therefore be very cost effecti ve.

3.8.2 Frequency and Phase Modulated Low Voltage Signalling
The instantaneous angular frequency of an alternating Low Voltage Signal

IS

given by:

ill

= d<l> / dt radiansls

(7)

The relationship between the frequency and phase of an alternating Low Voltage
Signal shown in equation (7) categorises both forms of modulation as Angle

Modulated Low Voltage Signalling.

An alternating Low Voltage Signalling system sinusoidal carrier modulated by a
sinusoidal baseband signal can be represented by:

Vc

where {3

= Vc cos [akt + {3 sin (.()ont]

(8)

=modulation index

The maximum frequency deviation is given by LlF
phase deviation by ~<I>

=±{3

d<l> / dt

= ±{3lm and

since:

= (.()on{3 cos (.()ont
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(9)

the maximum

In Frequency Modulated Low Voltage Signalling (FMLVS) the deviation of the
Low Voltage Signalling carrier frequency is normally proportional to the
modulating voltage and therefore the frequency deviation is technically
independent of the modulating frequency whereas

f3

(the modulation index) is

inversely proportional to it. For Frequency Modulated Low Voltage Signalling
systems the modulation index is therefore defined as

f3

= maximum frequency

deviation of the carrier/ maximum baseband frequency.

For Phase Modulated Low Voltage Signalling (PMLVS) the phase deviation of
the Low Voltage Signalling carrier frequency is also proportional to the
modulating voltage but

f3

(the modulation index) is independent of the

modulating frequency. In Phase Modulated Low Voltage Signalling systems the
information is conveyed by the instantaneous phase of the signal and subsequently
any phase distortion in the link can cause distortion of the received signal. Any
differential delay in the Low Voltage Distribution Network communications link.
as shown in section 3.5, must therefore be balanced against the bandwidth
available to convey the signal.

The frequency spectrum of a Frequency Modulated Low Voltage Signalling
(FMLVS) signal also contains higher order sideband components [30] at
frequencies related to the carrier by the equation

fe =±njm (where n = 1.2,3,4...... )

(10)

and the bandwidth is normally greater than that of Amplitude Modulated Low
Voltage Signalling (AMLVS) systems but there is little energy contained in an
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Frequency Modulated Low Voltage Signal (FML VS) signal outside of the band (1

+ f3 ) Ie and an approximation can be made using Carson's rule of the bandwidth
W, where:

W :: 2Fm (I + fJ)

( II)

and therefore for Frequency Modulated Low Voltage Signalling (FML VS):

W :: 2(Fm +LW)

(12)

where LlF is the maximum deviation.

In Frequency Modulated Low Voltage Signalling (FMLVS) systems the amplitude
of the signal contains no information, and unlike Amplitude Modulated Low
Voltage Signalling (AMLVS) systems, amplitude variations due to noise,
attenuation and fading, such as discussed in sections 3.1 to 3.6, have no effect as
long as the signal/noise ratio is approximately 12 dB. However noise can effect
the phase of a signal and therefore its corresponding instantaneous frequency.
Frequency Modulated Low Voltage Signalling (FMLVS) systems do however
have an improvement in signal/noise ratio compared to Amplitude Modulated
Low Voltage Signalling (AMLVS) systems for the same carrier power and same
noise density at the receiver. This improvement is given by [30] as:

output SINFM/output SINAM:: 3{f

(13)
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where SINFM and SINAM are the SignalINoise ratios of Frequency Modulated Low
Voltage Signalling (FMLVS) and Amplitude Modulated Low Voltage Signalling
(AML VS) respectively

In Phase Modulated Low Voltage Signalling (PMLYS) the frequency deviation

f3

fm is proportional to the amplitude as well as its phase and therefore for analogue
signals, for example, a major proportion of the energy is at the lower end of the
baseband, and Phase Modulated Low Voltage Signalling (PMLVS) is inefficient
compared to Frequency Modulated Low Voltage Signalling (FMLYS) in terms of
bandwidth. Therefore Frequency Modulated Low Voltage Signalling (FMLYS)
systems tend to be used more for analogue transmission in Low Voltage
Signalling. Phase Modulated Low Voltage Signalling (PMLVS) is however very
efficient for digital transmission on Power Lines and this subject is discussed in
more detail in section 3.9 where the relevance of phase modulated and other
digital systems in Low Voltage Signalling systems is discussed.

3.9 Digital Modulation Types Suitable for Low Voltage Signalling
In a digital Low Voltage Signalling system a modulator will map a sequence of

metering data, in the form of binary digits, which shall result in a change in a
corresponding set of discrete carrier amplitudes, carrier phases or frequency
deviations of the Low Voltage Signalling carrier frequency. The digital
modulation methods generally used on Low Voltage Signalling Systems are:

a. Amplitude Shift Keying (ASK)
b. Frequency Shift Keying (FSK)
c. Phase Shift Keying (PSK)
d. Spread Spectrum Techniques.
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Frequency Shift Keying and Amplitude Shift Keying modulation systems have
tended to be used on Low Voltage Signalling systems [4,5,10,11,15], mainly
because they are reasonable cost effective and simple to implement. However
Spread Spectrum techniques, in their various forms (Frequency Hopping, Direct
Sequence) are gaining in prominence [9,10,24,101,113,114]. ASK, FSK, PSK and
Spread Spectrum techniques are the main modulation techniques detailed in the
analysis but multi-level modulation schemes shall also be discussed.

3.10 Low Voltage Signalling Detection Methods
3.10.1 Synchronous Detection
Apart from the specific characteristics of the individual Low Voltage Signalling
modulation systems the methods for detecting the modulated signals also need to
be considered. There are two primary types of detection methods used in any Low
Voltage Signalling modulation system. The first is coherent or synchronous Low
Voltage Signalling detection, where it is assumed that at the demodulator, the
received Low Voltage carrier signal and a locally generated signal, used in the
demodulation process, have some form of fixed relationship. Such a relationship
tends to add to the complexity of the Low Voltage Signalling receiver system
used.

3.10.2 Non Coherent Detection
The second type of detection is non coherent Low Voltage Signalling
demodulation, sometimes called "envelope" detection. This type of detection is
the one normally used in existing Low Voltage Signalling modulation methods,
for example ASK.
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3.11 Optimum Channel Bandwidth and Data Rate of a Low Voltage
Signalling System
It is proposed that the nominal data rate for Remote Meter Reading using Low
Voltage Signalling based should be 1200 bits/so A data rate of 1200 bits/s can be
transmitted within a frequency bandwidth of approximately 2.4 kHz. Since a
Remote Meter Reading communication systems must be flexible, and capable of
being communicated by other means this data rate permits metering information to
be transmitted on a standard telephone [65] voice or radio channel [37,38] which
also have a bandwidth of 2.4 kHz. Gas and Water metering data could also be
transmitted or received using radio or telephone line, if a Low Voltage
Distribution network were not connected to a particular Customer's premises.

If the nominal bandwidth for metering data is set at 2.4 kHz, it is not unfeasible,
given the proper modulation mechanism, and advances in digital processing, that
this bandwidth could also be used in the future to provide voice circuits, or one of
the Value Added Services, suggested in section 1.1.7, on the Low Voltage
Distribution network. Table 6 lists the proposed types and designations of digital
modulation schemes presently used and which could be used in Low Voltage
Signalling. The following sections analyse the characteristics of these modulation
systems and evaluate their potential suitability for Remote Meter Reading using
Low Voltage Signalling.
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Modulation
Type
Amplitude
Modulation

Frequency
Modulation

Phase Modulation

M
Levels

Modulation
Scheme

CarrierlNoise
in dB
(Typical)

Two

Coherent ASK

14.0

Two

Noncoherent
ASK

15.0

or
Four
Sixteen

Quadrature
Amplitude
Modulation
Coherent Binary
FSK

14.0

Two

Noncoherent
Binary FSK

14.0

Four

4-CFSK

14.0

Four

4-NCFSK

15.0

Four

MSK
Coherent
Detection

11.0

Four

MSK Differential
Detection

11.0

Two

Coherent
PSK

11.0

Two

Differentially
Encoded BPSK

11.0

Two

Differential PSK

11.0

Four

4-DPSK

16.0

Four

QPSK

14.0

Four

Offset QPSK

13.0

Two

13.0

Binary

.

.

.

Typical Use

Power Line Carrier
Radio and Slow Speed
Data Systems
Power Line Carrier
Radio and Slow Speed
Data Systems
Power Line Carrier
Radio and Medium
Speed Data Systems
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Medium
Speed Data Systems
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems,
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA
Power Line Carrier
Radio and Slow Speed
Data Systems, SCADA

Table 6 - Typical Low Voltage SignallIng ModulatIon Schemes
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3.12 Low Voltage Frequency Shift Keyed (LVFSK) Signalling
In Low Voltage Frequency Shift Keying Signalling a Binary 1 corresponds to one
frequency, and a binary 0 to a second frequency. There are many forms of Low
Voltage Frequency Shift Keying (LVFSK). Figure 28 for example shows
waveforms of both Low Voltage Continuous Phase Frequency Shift Keying
(LVCPFSK) and Low Voltage Non Continuous Phase Frequency Shift Keying
(L VNCPFSK) over one bit interval.
Continuous Phase Frequency Shift Keying Signal
Amphtude

T

T

T

T

T

Time

Amplitude

o

o

Time

Non-Continuous Phase Frequency Shift Keying Signal

Figure 28 - Low Voltage CPSK and non continuous CPSK Signals

If the two frequencies used to represent a Binary 1 and Binary 0 are are f , and f 2
respectively, then

,
(14)

where Ilfis the frequency deviation whichf, andf2 shift aroundfc

and
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Ie (t)

(15)

= A cos (roc + AID)t

From equation 14 the two frequencies,

I

1

and I

2 ,

differ by 2A I hertz and the

bandwidth of a Low Voltage Frequency Shift Keying (LVFSK) signal can be given
by:

(16)

W=2A/+2B
where B = Bandwidth of the Baseband Metering data

The relationship between the deviation AI, and B , the bandwidth of the Baseband
Metering data was given in section 3.8.2 as

fJ ' where, fJ = maximum frequency

deviation of the carrierl maximum baseband frequency. In section 3.11 the nominal
baseband bandwidth for metering data was proposed as 2.4 kHz. If fJ had a value
of 1 then A I would also equal 2.4 Khz and the maximum bandwidth of the Low
Voltage Frequency Shift Keying (LVFSK) signal, from equation 16, would be 9.6
kHz. If however

fJ

had a value of 10, where A I

= 24

kHz, then the total

bandwidth of the Low Voltage Frequency Shift Keying (LVFSK) signal would be
52.8 kHz. Given that the total allocated bandwidth for Low Voltage Signalling is
145.5 kHz, 3 to 148.5 kHz, the frequency deviation and baseband bandwidth, and
subsequently the bandwidth of a Low Voltage Frequency Shift Keying (LVFSK)
signal must be controlled or interference to other users of the Low Voltage
Distribution Network could result. A limitation in baseband bandwidth would
affect the data rate at which metering data could be transmitted and also the
flexibility to provide alternative routing, by radio or telephone, suggested in section
3.11. The transmission of higher speed (>600 bits/s) binary data on a Low Voltage

109

Distribution Network using a binary Low Voltage Frequency Shift Keyed system is
therefore difficult to achieve. In the case where

f3

has a value of 1 and the Low

Voltage Frequency Shift Keyed system is narrowband, such systems are very
susceptible to single interference "hits". Interfering signals of this type, at a single
frequency, occur quite regularly on Power Line systems as discussed in sections
3.1 to 3.6 and this makes Low Voltage Frequency Shift Keyed signalling systems
on Power Lines especially vulnerable to data corruption.

3.13 Low Voltage Amplitude Shift Keyed (L VASK) Signalling
Low Voltage Amplitude Shift Keying systems tend to be much less complex than

Low Voltage Frequency Shift Keying ones. Figure 29 shows the process of
Amplitude Shift Keying a Low Voltage frequency carrier with a binary signal.

Amplitude

O/P Resultant Low Voltage ASK 100 kHz Modulated Carrier

T

T

T

o

T

T

o

o

Tim.

O/P

o

lIP

0

o

L

J
Baseband Metering Data Input

Figure 29 - Low Voltage ASK Modulated Signal

If the baseband metering data in Figure 29 has "M" states, or levels, and each of

these levels is present for a period T, the Low Voltage Amplitude Shift Keyed
waveform corresponding to the ith state Si(t), is equal to:

llO

Si (t)

= Di (t) A COSroot

(17)

where Di(t) is the ith level of a multilevel waveform with a level duration of T. If
it is assumed that, as shown in Figure 29, the number of levels is restricted to two,
as for a binary digital signal, and that the Low Voltage carrier frequency is related
to the rectangular binary waveform bit duration T by:

COo

=21tff

(18)

then the power spectral density (psd) is given by:

PSD

= (Al16) [ f ( f - fo) + (f + fo) + sin 1tT(f - fo)/ 1tT(f - fo) + sin 1tT (f + fo)/

1tT(f + fo)

( 19)

The spectrum for equations (18) and (19) is shown in Figure 30. Equation (19) is
in two parts. One part contains a Dirac delay function which implies discrete
spectral components spaced at frequency intervals of Iff. These discrete
frequency components disappear if the metering data has a zero mean, or with an
M-Ievel signal, when each level is equally likely. This permits the spectral
characteristics of the digitally modulated Low Voltage Amplitude Shift Keyed
signal to be controlled during the system design by proper selection of the
metering data to be transmitted. The second term is a continuous spectrum whose
shape depends only on the spectral characteristic of the signal pulse. For the
simple case of binary metering data, as shown in Figure 29, the impulse of the
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discrete spectral component exists only at the carner frequency due to the
presence of the spectral nulls spaced at frequency intervals of Iff.

The spectrum shown in Figure 30 contains 95% of its power in a bandwidth of 3rr
with 67% of this being contained in the carrier, and 33% in the sidebands, a factor
which makes ASK sytems very inefficent in power terms.

p(o

rb=lrr

(psd)

..

Impulse

2

AI 16

fo = carrier frequency low pass equivalent

fo-3rb

Figure 30 - Power Spectral Density of Low Voltage ASK

Low Voltage ASK systems are generally more susceptible to nOise, and
interference than Low Voltage FSK systems. The metering data is carried in the
signal amplitude, which can have the noise and interference superimposed on it
thus making detection difficult.

3.14 Low Voltage Phase Shift Keyed (LVPSK) Signalling
Figure 31 shows a Low Voltage Phase Shift Keyed modulated carrier. There are
many basic similarities between Low Voltage Phase Shift Keyed and Low Voltage
Amplitude and Frequency Shift Keyed systems.
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T

T

T

T

o

T

o

T

o

Phase Shift Keyed Signal

Figure 31 - Low Voltage PSK Signal

In binary Low Voltage PSK, the two signalling waveforms representing a "1" and

"0" are given by [13]:

Si (t) = A COS coot

So (t)

= - A COS coot =A COS (root + 1t)

(20)

(21)

Where Si (t) represents the binary 1, and So(t) the binary O. In Low Voltage PSK
systems the carrier amplitude remains virtually constant, but is switched between
the +A and -A amplitude states. The -A state may alternatively be considered as a
phase change of 180 degrees. The bandwidth requirements for Low Voltage ASK
and Low Voltage PSK are virtually the same.
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3.15 Multi-Level (M-ary) Low Voltage Phase Shift Keyed (ML VPSK)
Signalling
Multi-Level (M-ary) Low Voltage Phase Shift Keying (MLVPSK) Signalling
systems are used where higher data rates over smaller bandwidths are required. As
in Pulse Amplitude Modulating baseband systems, a M-ary Low Voltage signalling
system is used to transmit M separate digital signals over a single band-limited
Low Voltage channeL for example by changing the phase of the Low Voltage
frequency carrier in M discrete steps. The advantage of modulating the carrier of a
Low Voltage transmitter with M separate digital signals, coming from M eparate
lower bit rate sources, is that the original Low Voltage signalling bandwidth is
conserved. For example it is possible using Low Voltage Quadrature Phase Shift
Keyed signalling systems to transmit a data rate of 9.6 Kbitsls in a band limited
channel of 2.4 kHz, as suggested in section 3.11. A typical constellation and vector
diagram for a Low Voltage QPSK signal is shown in Figure 32.

:z.cN:3

01

11

10

Figure 32 - Low Voltage PSK Constellation and Vector Diagrams
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3.16 Spread Spectrum Signalling Systems
The basis of spread spectrum theory [27,28,29,31] is found in an expression
derived by C.E.Shannon. This expression states that the channel capacity of a
system is given by the equation:

c =W logz (I+SIN)

(22)

C =capacity in bits/sec
W =Nyquist bandwidth in hertz
N =Noise power
S = Signal power

Equation (22) shows that the maximum error free capacity (in data terms) that can
be transmitted across any communications channel is directly related to the
Nyquist bandwidth [13], and the signal to noise ratio in the channel concerned.
This ability of a channel to transfer error-free information, compared with the
signal to noise ratio existing in the channel, and the bandwidth used to transmit
the information, can be applied in the above formula to obtain a new relationship.
Let C be the desired system information rate and changing the logarithmic base
obtains the expression:

C/W = 1.44 loge (1 +SIN)

(23)

For small Signal to Noise Ratios this can be amended by binomial expansion of
equation (23)

loge(l+SIN)

=SIN - 1I2(SIN)"2 + 1I3(SIN)"3 .... (-1<SIN<1)
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(24)

to give
C/W = 1.44 SIN

(25)

From equation (25) it is shown that by making N/S the subject of the equation,
that:

N/S

= 1.44W/C =W/C

(26)

and for W

(27)

W=NCIS

In real Low Voltage communications systems there is a restriction on the physical
bandwidth, 3 to 148.5 kHz, that can be realised and a Low Voltage receiver needs
a minimum signal level in the presence of noise to be able to successfully decode
the signal. In Low Voltage Spread Spectrum systems, to obtain error free
transmission in the presence of these restrictions, two criteria must generally be
met:

• The transmitted Low Voltage bandwidth must be greater than the bandwidth or
rate of the information being sent.

• Another function, other than the information being sent, is used to determine the
resulting modulated Low Voltage bandwidth.
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3.17 Low Voltage Spread Spectrum Signalling (L VSSS) Systems
The use of Low Voltage Spread Spectrum Signalling (LVSSS) Systems has
become very popular. One reason for this popularity, is their apparent immunity to
interference and noise [109,114]. Low Voltage Spread Spectrum Signalling
(LVSSS) Systems can also provide some security against jamming, and deliberate
tampering [27,28,29], which is important where billing or tariffing information is
being transmitted. A Low Voltage Spread Spectrum Signalling (LVSSS) system is
one in which the transmitted Low Voltage signal is spread over a wide frequency
band, much wider than the minimum bandwidth required to transmit the
information. Low Voltage Spread Spectrum Signal)ing (LVSSS) Systems tend to
take a baseband signal of a few kilohertz wide, and "distribute", or spread it, over
a bandwidth which may be many kilohertz wide. For example, using Low Voltage
Amplitude Modulated Systems, as shown in section 3.8.1, the bandwidth of a
normal channel would be twice the highest modulating frequency, or twice the
bandwidth of the information itself. This type of signal is much narrower than, the
theoretical bandwidth, of a Spread Spectrum system.

The signal distribution, in a Low Voltage Spread Spectrum Signalling (LVSSS)
Systems, is achieved, by encoding the information with a pseudo-random code
sequence, sometimes known as pseudo-noise, which is independent of the
information itself. Performance measurements in a Low Voltage Spread Spectrum
Signalling (LVSSS) System also differ from conventionally modulated systems,
and are usually expressed in two terms, the Process Gain and Jamming Margin:

3.17.1 Process Gain
Theoretically Process Gain can be defined [28] as the "improvement gained by the
systems process", or the improvement of performance of a Low Voltage Spread
Spectrum Signalling (L VSSS) System which is obtained by bandwidth spreading
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over a conventionally modulated, Low Voltage ASK, FSK, or PSK Signalling
system. At the receiver, the Process Gain can be further defined as, the ratio
between the signal-to-noise at the receiver output, where the signal has been
"despread", to the Signal to Noise Ratio at the receiver input, where the Low
Voltage Spread Spectrum signal appears. Process Gain is given by the following
expression:

Process Gain = SNR at the receiver outputlSNR at the receiver input.

(28)

In practical Low Voltage Spread Spectrum Signalling (LVSSS) Systems however,
a more efficient method of expressing Process Gain is given by the ratio of the
spread bandwidth to the information rate of the system:

Process Gain = Gp = BWlRinfo

(29)

This definition for a Low Voltage Spread Spectrum Signalling (LVSSS) System
should not be taken as implying that any Low Voltage Spread Spectrum system
can operate, unrestrictedly, in the presence of high enough levels of interference,
or deliberate jamming signals, whose energy levels and frequencies, are
compatible with those of the received Low Voltage Spread Spectrum signal at the
input to the receiver.

3.17.2 Jamming Margin
Jamming Margin (1) is used [28,29] in a Low Voltage Spread Spectrum Signalling
(LVSSS) System as a "figure of merit" to describe the ability of the system to
operate in the presence of interference/jamming. The Jamming Margin is given
by:

118

Jamming Margin

=J =Gp - SNRminimum

(30)

where SNRminimum is the minimum acceptable signal-to-noise ratio acceptable
at the receiver input under normal working conditions.

3.18 Types of Low Voltage Spread Spectrum Signalling (LVSSS)
System
There are two types of Low Voltage Spread Spectrum Signalling (LVSSS) System
[27,28,29] normally used in Power Line Carrier communications networks. These
are Frequency Hopping Low Voltage Spread Spectrum Signalling (FHLVSSS)
Systems and Direct Sequence Low Voltage Spread Spectrum Signalling
(DSLVSSS) Systems. It is proposed that, Frequency Hopping Low Voltage Spread
Spectrum Signalling (FHLVSSS) Systems, offer more potential for use in Low
Voltage signalling applications [9,31,101] than either Direct Sequence Low
Voltage Spread Spectrum Signalling (DSLVSSS) Systems or conventional Low
Voltage modulation systems, due to their ability to operate,

virtually

unrestrictedly, in the presence of the high levels of interference [105], present on
Power Lines. A third Spread Spectrum system, known as pulsed or "chirp"
modulation, is normally used in military or in Real Time Channel Evaluation
(RTCE) systems for finding 'clear' frequency slots and although mentioned for
completenesss is not covered in any detail in this thesis.

3.19 Frequency Hopping Low Voltage Spread Spectrum Signalling
(FHLVSSS) Systems
Frequency Hopping Low Voltage Spread Spectrum Signalling (FHLVSSS)
Systems could be more accurately termed, Low Voltage multiple frequency, code
selected, frequency shift keying systems. The term is apt since, in a Frequency
Hopping Low Voltage Spread Spectrum Signalling (FHLVSSS) System, the
carrier frequency is shifted in a number of discrete steps or channels, by a code
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sequence. Frequency Shift Keying, in its simplest form, normally consists of only
two frequencies, one frequency representing a mark (" I"), and the other a zero
("0"). Unlike these simple FSK systems however, Frequency Hopping systems
often have hundreds or thousands of frequencies to choose from. The number of
frequencies, and the rate of change of frequency, is governed by the application in
which the Frequency Hopping system is being used.

The most basic type of Frequency Hopping Low Voltage Spread Spectrum
Signalling (FHLVSSS) System consists of, a code generator, and a frequency
synthesiser, which, depending on the input of the code generator, can change
frequency very quickly. Figure 33 shows an "ideal" Low Voltage Spread Spectrum
Signal such a system should produce. The ideal Low Voltage Spread Spectrum
Signal should, over a period of time, be perfectly rectangular, with the transmitted
signals evenly distributed in every available frequency slot. The ideal Low
Voltage Spread Spectrum transmitter would also transmit identical power outputs
in every channel. At the receive end the Low Voltage Spread Spectrum Signal is
mixed with a locally generated signal which is identical to the transmitted Low
Voltage Spread Spectrum signal ( it is produced by controlling the receive
synthesiser with an identical code generator to that in the transmitter). The mixing
process produces a constant difference, intermediate frequency signal. One of the
most important tasks in Frequency Hopping Low Voltage Spread Spectrum
Signalling (FHLVSSS) Systems therefore is the synchronisation of the receiver
with the transmitted signal. The synchronisation is usually achieved by a "Master
Control" station transmitting both a "Word of Day" and a "Time of Day"
synchronisation sequence which allows the receiving stations to train to incoming
signals.
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Alternate Frequencies/Channels at Time T

F4

F8

Figure 33 - Ideal Low Voltage Spread Spectrum Signal

This synchronisation process and its relevance to security is explained in more
detail in chapter 7.8. Any received signal that is not a replica of the transmitted
Frequency Hopping Low Voltage Spread Spectrum signal is spread by this
multiplication/mixing process, with the locally generated signal.

The IF band pass filter immediately following the receiver mixer has only a fraction
of the bandwidth of the locally generated signal. Any uncorrelated received signal
will therefore have its power spectrum almost totally rejected by the Band Pass
Filter, whereas a wanted Frequency Hopping Low Voltage Spread Spectrum signal
would have its

ignal power enhanced through correlation with the locally

produced reference.

A Frequency Hopping Low Voltage Spread Spectrum Signalling (FHLVSSS)
System will be therefore greatly reliant on the pseudo-random code used to
generate the frequency hopping sequence. For example the frequency range
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presently used for mains signalling systems is shown in Figure 34. The frequency
allocations within this bandwidth are:

a. 3 kHz to 95 kHz Low Voltage Signalling Band for use by the Utilities

b.95 kHz to 125 kHz Customer Communications Band unregulated

c. 125 kHz to 140 kHz. Customer Communications Band regulated with access
protection of 132.5 kHz
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Figure 34: • EN 50065·1 Mains Signalling Frequency Band

By using the 3 kHz to 95 kHz Low Voltage Signalling Band allocated to the
Utilities, the efficiency of a Remote Meter Reading, Frequency Hopping Low
Voltage Spread Spectrum Signalling (FHLVSSS) System, could be maximised by a
5-stage sequence code which could provide 24_1

=15

discrete frequencies. The

total bandwidth required for such a system can be given by the following
expression:
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total No of frequencies x frequency deviation of the modulating process (31)

Assuming theoretical channel rates of 1200 bits/s in a 2.4 kHz bandwidth, as
suggested in section 3.11, then a 15 channel ful1 duplex Frequency Hopping Low
Voltage Spread Spectrum Signal1ing (FHLVSSS) system would require a
Transmit Band of 36 kHz, and a Receive Band of 36 kHz. Such a Frequency
Hopping Low Voltage Spread Spectrum Signal1ing (FHLVSSS) System could be
operated in the available bandwidth of 92 kHz.

3.19.1 Frequency Hopping Low Voltage Spread Spectrum Signalling
(FHL VSSS) System Channel Plan
The method described in section 3.19 could provide a Frequency Hopping Low
Voltage Spread Spectrum Signalling (FHLVSSS) System Channel Plan with the
following frequency al1ocations:

Customer Premises Equipment Frequency Hopping Txmit Bandwidth=56 to 92
kHz

Customer Premises Equipment Frequency Hopping Receive Bandwidth =10 to 46
kHz

Local Control Centre Frequency Hopping Receive Bandwidth =56 to 92 kHz

Local Control Centre Frequency Hopping Transmit Bandwidth = 10 to 46 kHz
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The allocation of this band to take into account a Frequency Hopping Low
Voltage Spread Spectrum Signalling (FHLVSSS) System to be used in Remote
Meter Reading is shown in Figure 35.

Figure 35 suggests a number of other frequency allocations. For example the band
42 to 56 KHz could be allocated to Engineering Order Wire (EOW), where EOW

is an voice or data channel used for internal communication, for example between
an engineer at a Substation site and another at a large customer site, or for the
provision of a digitised Value Added Service telephone channel, as proposed in
section 1.1.7, and the band 140.5 to 147.7 Khz could be allocated as Embedded or
Data Control Channels.
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Spectrum Signalling (FHL VSSS) System and Other Proposed Frequency
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In conjunction with Network Management, to be discussed in Chapter 7, and the
Protocols already discussed in Chapter 2, these three channels could be used to
provide an embedded control channel facility for implementing a Totally Managed
Remote Meter Communications Network (TMRMCN) which would control not
only metering facilities but also other Remote Metering System communications
elements. All network management data within a Network Element (meter or
communications element) could be distributed via these Data Control Channels.
The Metering Interface Unit (MIU), for example, receives a Frequency Hopping
Low Voltage Spread Spectrum Signal containing metering data and the DCC. The
MIU 'reads' out all the management data contained in the DCC and processes it.

All network elements connected via the DCC interface would effectively form a
point-to-point network where the elements along such a route are interconnected
via the Low Voltage Distribution Network or some other such communications
medium. The information contained in the DCC therefore not only regulates the
transmission and reception of data via lower level protocols but also controls the
hardware used to establish the actual connection between communication partners.

The operation of such a system could also be realised by using a 6 stage sequence
code to provide a 63 channel, semi duplex Remote Meter Reading, Frequency
Hopping Low Voltage Spread Spectrum Signalling system. In general, the larger
the sequence code, the smaller frequency steps such a system would produce.

3.20 Direct Sequence Low Voltage Spread Spectrum Signalling
(DSLVSSS) Systems
Direct Sequence Low Voltage Spread Spectrum Signalling (DSLVSSS) Systems
[27,28,29] are probably the most popular and widely used. A main reason for this
popularity is that, unlike the Frequency Hopping Low Voltage Spread Spectrum
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Signalling systems described above, they do not require the use of high speed
frequency synthesisers. Direct Sequence Low

Voltage Spread Spectrum

modulation is a process whereby the Low Voltage carrier frequency is directly
modulated by a code sequence. The modulation format may be LV AM (pulse),
LVFM, or any derived amplitude or frequency modulated system. Generally,
however, biphase Low Voltage Shift Keying (LVBPSK) is the modulation format
used.

The carrier frequency in a Direct Sequence Low Voltage Spread Spectrum BPSK
system is transmitted as one phase when the code sequence is "I", (one), and as a
180

0

phase shift from the original phase, when the code sequence is "0" ( zero).

This type of balanced modulation process is used, in Direct Sequence Low
Voltage Spread Spectrum Signalling Systems, because the resultant Low Voltage
carrier level is well below the noise threshold level produced by the code
modulation which makes the signal difficult to jam or detect. More power is also
available for sending useful information because the transmitter power is used to
send only the code-produced signal. The signal has a constant envelope level so
that transmitted power is maximised for the bandwidth used.

3.21 Frequency Hopping Low Voltage Spread Spectrum Signalling
Using Digital Synthesis (OS)
One of the main difficulties in implementing Frequency Hopping Low Voltage
Spread Spectrum Signalling systems has been that the faster the hop rate, the
faster the switching speed required from the frequency synthesiser, and therefore
the more complex the equipment design. There are three common methods of
frequency synthesis used in Frequency Hopping Low Voltage Spread Spectrum
Signalling. These methods are:
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a. Direct Synthesis.

b. Indirect Synthesis.

c. Digital Synthesis.

One method for producing Frequency Hopping Low Voltage Spread Spectrum
communications uses Digital Synthesis which, because it is relatively simple to
achieve, will make the cost of Frequency Hopping Low Voltage Spread Spectrum
equipment more economically viable for use in Remote Meter Reading systems.
The basic building blocks of such a digital synthesiser are detailed in Figure 36.

Reference
Oscillator

Phase
Accumulator
I---

ROM

-

Low Pass
Filter

DAC

"-

I-

Amplifier

-OIP

Figure 36 - Frequency Hopping Low Voltage Spread Spectrum Direct Digital
Synthesiser

The main functional blocks of the synthesiser are:
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a. A Phase Accumulator.

b. Read Only Memory(ROM)

c. A Digital to Analogue Converter(DAC)

d. Low Pass Filter.

e. Microprocessor Controller.

f. Clocking System.

The frequency of operation

IS

entered as a binary number to the phase

accumulator, from where it is shifted serially to the Read Only Memory (ROM).
The ROM contains stored values of sinusoidal signals previously entered as part
of the design process. From the ROM the signals pass to a Digital to Analogue
Converter which is usually a "flash converter" device. The DAC chosen should
normally be capable of matching a relatively wide band of frequencies, at its
output, into a typical load impedance of 50 or 75 ohms. This capability of
handling such load impedance's makes the design of the Low Pass Filter, which
interpolates the signalling points simpler.

For Frequency Hopping Low Voltage Spread Spectrum use the cost of such a
Digital Synthesiser, Printed Circuit Board mounted, is approximately £ 125.
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3.22 Analysing Modulation Systems for Low Voltage Signalling
As well as the ability to operate in the presence of other communication systems,
on a shared Low Voltage Distribution Network, another property to be assessed in
the evaluation of a Low Voltage Signalling modulation system is the bandwidth
efficiency.(Given the relatively narrow band available for communications). For a
data system the spectral efficiency can be given by:

Spectral efficiency

=rb/2B or

(32)

(33)

Spectral efficiency = rb/W

where rb = bit rate

2B

= 2 x Nyquist Sampling rate.

(34)

W = Information bandwidth

The relevance of spectral efficiency in the evaluation of Low Voltage Signalling
systems is included in an analysis method for comparing Low Voltage Signalling
systems shown in section 3.23.

3.23 Analytical Method for Comparing Performance of Modulation
Systems Used in Low Voltage Signalling
Indulkar [16] suggests that to establish the requirements of a Low Voltage
Signalling System the overall communications network has to be analysed in order
to achieve a quality of carrier that will meet both technical and economic
objectives. Wilde and Wassenhove [10] actually trialled, a Low Voltage
Signalling system using a frequency of 80 kHz and a simple FSK modulation
technique, at bit rates of 200 bitls, over distances of 300 and 500 meters. As a
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result of these trials Wilde and Wassenhove [10] conclude that the operating
frequency is a trade off between high noise and increasing attenuation at the
higher end of the Low Voltage Signalling band, 3 to 148.5 Khz, and that the
varying impedance as a function of time and place makes it useless to treat Low
Voltage Lines as a transmission line.

In section 3.7 it was suggested that the processing, modulation, of any Low
Voltage signal to make it suitable for transmitting over a Low Voltage
Distribution Network is very important and should provide the following
functionality.

• Frequency Conversion
• SignallNoise Ratio
• Resilience
• Power Efficiency
• Low Carrier to Cochannel Interference Power Ratio (CCI)
• Low Out of Band Radiation
• Constant or Near Constant Envelope

The theoretical analysis method proposed is based on the criteria suggested by
Indulkar, and the practical tests carried out by Wilde and Wassenhove for
evaluating the performance of any modulation system, including frequency
hopping systems, in terms of the functionality proposed in section 3.7.

Frequency hopping systems are one of a number of systems detailed in CCIR
Report 652 [33] and although the report refers specifically to frequency hopping
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radio systems its findings can also be related to Frequency Hopping Low Voltage
Spread Spectrum Systems.

Like a radio signal, as a Low Voltage Signal propagates through a power line it
loses energy, by several processes, including attenuation as shown in section 3.3,
interference from other communications systems sharing the same Low Voltage
Distribution Network and other equipment, for example HYDe converters (63), as
shown in section 3.6.

The ideal analytical model must therefore consist of both desired and interfering
propagation path losses of the wanted and interfering Low Voltage Signals, and
the attenuation, other systems losses, gains and receiver selectivity. Figure 37
suggests how this analytical model could be physically realised in assessing the
effects of one Low Voltage Signalling System on another system sharing the same
power line.
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For a conventional Single Channel Low Voltage Signalling Receiver, the received
available signal power is given by the expression:

Pr = Pt - PL

(35)

and the Signal to Noise Ratio SIN is given by:

SIN = Pr - lCT + B + r

00

(36)

Where

Pr = Received Signal Power
lCT =Thennal Noise Power Density (-204 dBW)( k =Boltzmanns constant)
B = Receiver Intennediate Frequency(IF) Bandwidth
PL =Losses in Path from transmitter to receiver

roo = Effective Noise Factor on High Voltage Lines Taken as 67.7 - 27.7 log Fm
**
**This figure is actually taken from CCIR [34] as the Rural Noise Level on a
Radio Link and is comparable to the levels found by De Wilde and Van
Wassenhove [10]

The effective Signal to Noise power level per unit bandwidth for a wanted
conventional Low Voltage signal is therefore equal to:

SINo = (Pt - 20 log B - Pd + ( -204 - 67 + 27.7 log Fm) - -FDR(dj)
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(37)

If it is assumed that the conventional Low Voltage Signalling system is sharing the

power line with a Frequency Hopping Low Voltage Spread Spectrum system as
described in section 3.19, the bandwidth of the Frequency Hopping Low Voltage
Spread Spectrum can be given by:

BWrf = N x Bwch

where BWrf

(38)

=Emitted bandwidth of the transmitted signal

BWch =Channel Bandwidth
N

=Number of Channels

Depending on the "hopping rate" of the Frequency Hopping Low Voltage Spread
Spectrum system concerned, a channel only dwells on anyone allocated frequency
for a fixed period of time. For example, if a frequency hopping signal has 10
frequencies in its "hop set", then its maximum Dwell Time (DT), given the
probability of equal occurrence of each frequency, shall be:

Dtmax

= IlNumber of frequencies

(39)

= 1/10
= 0.1 seconds
and equation (37) for a conventional Low Voltage Signalling system must be
modified for the equivalent Frequency Hopping Low Voltage Spread Spectrum
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system, to take into account the Dwell Time (DT). The modified equation
becomes

SINo = (Pt - 20 log B - Pd + ( -204 - 67 + 27.7 log Fm) - 20 log DT

(40)

If the Frequency Hopping Low Voltage Spread Spectrum signal is assumed to be
the interfering signal then the level of the interference this signal shall cause at the
Low Voltage conventional signalling receiver is also a function of the gains and
losses the "interference signal" experiences on a Power Line between the
Frequency Hopping Low Voltage Spread Spectrum transmitter and the Low
Voltage signalling system conventional receiver and can be given by:

IflNo = (Pt - 20 log B - Pd+ ( -204 - 67 + 27.7 log Fm) - 20 log DT -FDR(dj)
(41)

Equation 41 assumes that any individual frequency only occurs once in any
hopset. If the mean rate of occurrence, Rb , is more than one in any particular hop
set then equation 41 is amended to take this into account. Equation 42 shows the
amended equation

IflNo

=(Pt - 20 log B - Pd+ ( -204 - 67 + 27.7 log Fm) - 20 log DT -FDR(dj) + 20

10gRb

(42)

Equations 37 and 41 contain another important factor in the analysis of
modulation systems suitable for Low Voltage Signalling systems, the Frequency
Dependant Rejection (FDR). The FDR is a measure of the ability of a Low
Voltage Signalling system receiver to reject an unwanted emission spectrum from
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the transmitter of another Low Voltage Signalling system sharing the same power
line. The FDR can be broken down into two terms [125]:

On Frequency Rejection (OFR): This a measure of the rejection when the
interfering signal and the operating frequency of the Low Voltage Signalling
receiver are identical.

Off-Tune Rejection (OTR): This is a measure of the rejection when the
interfering signal and the operating frequency of the Low Voltage Signalling
receiver are separated by some distance (in frequency terms this means the Low
Voltage wanted signal could be 80 kHz whilst the interfering signal could be 85
kHz).

Since the worst case or maximum interference shall occur when wanted Low
Voltage signal and unwanted Low Voltage signal are on the same frequency this is
the case considered in the analysis method:

The OFR is given by [125] as:

00

00

OFR= 10 log fp(f) df/fp(f)dH (f)df
o
0

(43)

where P (f) = Transmitted Emission Spectral Density Normalised to unity
maximum power spectral density (w/hz)

H (f)

=Receiver selectivity
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Equation (43) can be approximated by:

OFR ==

where

K

(44)

log (BtlBr)

Br = Low Voltage Signalling System 3 dB bandwidth
Bt

=Interfering transmitter 3dB bandwidth

k =constant
= 20 for frequency hopping signals

= 10 for conventional signals
The above analysis has revealed two important equations that can be used in the
evaluation of Low Voltage Signalling systems. Equation 37 details what the
received Signal to Noise Ratio at the input of a conventional single channel Low
Voltage Signalling system receiver should be:

SINo

=(Pt - 20 log B - Pd + (-204 - 67 + 27.7 log Fm)-FDR(dj)

(37)

whilst equation (41) reveals what the same characteristic should be for a
Frequency Hopping Low Voltage Spread Spectrum signal:

IfINo =(Pt - 20 log B - Pd + ( -204 - 67 + 27.7 log Fm) - 20 log DT -FDR(dj)(41)

Equations (37) and (41) permit the analysis of SignalINoise Ratio, Resilience,
Power Efficiency, Low Carrier to Cochannel Interference Power Ratio (eCI), and
Low Out of Band Radiation in a Low Voltage Signalling system by the following
method.
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CCIR Report 525[35] details Protection Ratios for the various combinations of
unwanted and desired modulations in a shared frequency environment in order to
achieve a certain level of performance. A Protection Ratio in a Low Voltage
Signalling environment can be defined as follows:

"the minimum value of wanted to unwanted Low Voltage signal ratio, usually
expressed in decibels, at the Low Voltage Signalling system receiver input.
determined under specified conditions so that a desired quality of performance is
realised at the receiver output"

Some of the Protection Ratios relevant to Low Voltage Signalling are shown in
Table 7:
Interfering
Signal I
Wanted
SiEnal

Class of
Emission

500HAIB

lKI0FIB

J1'requency
Hopping

100 Baud
Pulse Width
100 mSecs

50 Baud
Pulse Width
10 mSecs

15 hops/sec
Dwell Time
66.7 mSecs

=
Class of
Emission
500HAIB

lKI0FIB

IF Bandwidth
500 Hz for
SIN of18dB
1050Hz for
SIN ofl8dB

.

Perfrmance
Level
PE 10 E - 2
PE 10E - 4
PE 10E-6
PE 10 E - 2
PE 10E - 4
PE 10E - 6

.

=

11
12

13
0
0
I

=

12

.

13
14
6
7
8

9

13
15

Table 7 - Protection Ratios for Typical Low Voltage Signalling Systems

Using the Protection Ratios in Table 7 and equations (37) and (41) it is possible to
calculate and analyse an equivalent parameter for each type of Low Voltage signal
shown in Table 7, in this case:

500HA1B: 100 Baud ASK Low Voltage Signalling System
1K101B: 50 Baud FSK Low Voltage Signalling System

137

and a 15 hop/sec Frequency Hopping Low Voltage Signalling system

This equivalent parameter is known as the Propagation Loss and can be defined as

"the minimum value which a Low Voltage signal must attain in order to ensure a
degradation in performance that will affect the minimum levels of quality of the
received signal of another Low Voltage signalling system sharing the same Low
Voltage Distribution Network"

The minimum Propagation Loss Ploss is given by [34] as:

Ploss =(UNo) - (SIN) + (SII)t

(45)

Where
UNo = InterferencelNoise ratio for conventional and frequency hopping Low

Voltage signals as detailed in equations (37) and (41).

SIN = SignallNoise Ratio within the Low Voltage Signalling System Receiver

(SII)t

= Appropriate Protection Ratio as defined

in Table 7 for a given level of

performance

A simplification that can be made in the analysis model is that the Low Voltage
Signalling transmitter can produce both frequency hopping and conventionally
modulated signals. This enables the comparison of performance of both systems to
be made on the basis of equivalent characteristics, for example identical signal

138

power output levels. When this simplification is used the only difference is the
modulation type used in either system.

3.23.1 Calculating the Propagation Loss for a Frequency Hopping Low Voltage
Interfering Signal on a Shared Low Voltage Distribution Network
Consider the evaluation and performance of a Low Voltage 50 baud FSK Signal
trying to share the same power line with a Frequency Hopping Low Voltage
Spread Spectrum signal. The systems parameters used in the analysis model to
evaluate the Propagation Losses for the two modulation systems could be as
follows:

Transmit Power Pt = 116 dBJlV (Cenelec SC105A)
(44)

OFR=K log (BtlBr)

For both Low Voltage Signalling systems

Low Voltage Carrier Receive Frequency for Conventional System = 60 kHz

Frequency Hopping Low Voltage Spread Spectrum Txmit Bandwidth=56 to 92
kHz

Hop 10 of 15 frequency Hop Set = 60 kHz

Conventional Low Voltage Receiver IF Bandwidth = 1050 Hz

Frequency Hopping Low Voltage Spread Spectrum Instantaneous Transmit
Bandwidth = 2400 Hz
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P L = Losses in Path from transmitter to receiver for 300 metre length of power line
where

P L = Mains Filter Loss(Lm) + Distribution Feeder Loss (Phase A)(Ldf) +
Transformer Loss (Lt) + Medium Voltage Feeder Loss (Lvf)

(46)

where Lm == 3 dB
Ldf == 10 dB (Typical)
Lt == 50 dB (Typical)
Lvf == 30 dB (Typical)

Assume in initial calculation that

B = 1050 Hz for 50 baud FSK system

roo =67 + 27.7 log Fm (Taken from CCIRR as rural noise level)
Fm

=highest modulating frequency (Power Line Carrier =92 kHz)

From Table 7 extract the Protection Ratio necessary for a gIven level of
performance for a 50 baud FSK Low Voltage Signalling system in the case of
sharing a power line with a Frequency Hopping Low Voltage Spread Spectrum
system. In this case to ensure the following error performance of the FSK Low
Voltage Signalling system in the presence of a Frequency Hopping Low Voltage
Spread Spectrum signal the following Protection Ratios are needed:
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Low Voltage FSK System Performance Parameters
Probability of Error = 1. IOE-2 (1 error in 100 bits) Protection Ratio (SII)t= 9dB
Probability of Error = 1.10E-4 (1 error in 10000 bits) Protection Ratio (S/I)t

=

13dB
Probability of Error= 1.1OE-6 (1 error in 1000000 bits) Protection Ratio (S/I)t

=

15dB

The FDR is given by = k log BtlBr

(44)

= 20 log 2400/1050
= 7.18 dB

Calculate the Interference Level of the Low Voltage Frequency Hopping
Frequency Transmitted Signal at the Conventional Receivers Input from equation
41 is given by:

ltINo = (Pt - 20 log B - Pd + ( -204 - 67 + 27.7 log Fm) - 20 log DT -FDR(dj)(41)
= (116 - 20 log 1050 - 93) + (-204 - 67 + 27.7 log 2.4.10+3) - 20log0.067 - 7.18

=(116 - 60.42 -93) + (-204 - 67 + 93.63) - 30.65
= -37.42 -177.37-30.65
= - 245.44 dBIlV

Calculate the Propagation Loss from equation (45)
(45)

Ploss = (lINo) - (SIN) + (S/I)t
where:

lINo = -245.44 dBIlV
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SIN = 18 dB (from Table 7)

Probability of Error = 1.10E-2 (1 error in 100 bits) Protection Ratio (S/I)t= 9dB
Probability of Error = 1.10E-4 (1 error in 10000 bits) Protection Ratio (SII)t =
13dB
Probability of Error= 1.1OE-6 (1 error in 1000000 bits) Protection Ratio (SI1)t =
15dB

Therefore Propagation Loss =
254.44 dB for Probability of Error = 1.1 OE-2 (1 error in 100 bits)
250.44 dB for Probability of Error = 1.10E-4 (1 error in 10000 bits)
248.44 dB for Probability of Error = 1.1OE-6 (1 error in 1000000 bits)

It is useful to compare these results against those of a 100 Baud Low Voltage
ASK Signalling System against the same 50 Baud Low Voltage FSK Signalling
System sharing the same power line. From equation (37) and using the same
systems parameters for a Low Voltage ASK Signal:

SINo = (Pt - 20 log B - Pd + ( -204 - 67 + 27.7 log Fm)-FDR(dj)

(37)

= (116 - 60.42-93) + (-204-67 + 27.7 log 5(0) +6.44
= -37.42 -196.2+6.44
= -227.l8dB

In the case of Low Voltage Signalling FSK and ASK systems sharing the same
power line the following protection ratios are required:

Probability of Error = 1.1OE-2 (1 error in 100 bits) Protection Ratio (S/I)t= OdB
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Probability of Error: 1.1OE-4 (1 error in }()()()() bits) Protection Ratio (S/l)t :

OdB
Probability of Error: 1.1OE-6 (1 error in 1000000 bits) Protection Ratio (S/1)t :
1dB
Therefore Propagation Loss :

Ploss: (lINo) - (SIN)

+ (SII)t

(45)

where:
IINo : -227.18 dBIlV
SIN: 18 dB (from Table 7)

245.18 dB for Probability of Error: 1.1OE-2 (1 error in 100 bits)
245.18 dB for Probability of Error: 1.1OE-4 (1 error in 10000 bits)
244.18 dB for Probability of Error: 1.1OE-6 (1 error in 1000000 bits)

Table 8 summarises the results of the analysis for each of the Low Voltage
modulation systems of Table 7:

Interfering
Signal I
Wanted
Signal

Class of
Emission

IF

Class of
Emission
500HA1B

500HA1B

1K10F1B

Frequency
Hopping

100 Baud
Pulse
Width =
100 mSecs

50 Baud
Pulse
Width =
10 mSecs

15
hopslsec
Dwell
Time:
66.7 mSecs

Perfrmance
Level

Bandwidth
PElOE-2
227.S4
14S.18
500 Hz for
PElOE-4
226.S4
145.18
PEIOE-6
SIN of18
22S.S4
144.18
dB
PElOE-2
14S.18
154.44
1050Hz for
1K10F1B
PE lOE-4
245.18
150.44
PE lOE - 6
SIN of18
244.18
148.44
dB
Table 8 - Mirumum Propagation Losses Low Voltage Signalling Systems

.

.

.
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3.24 Type of Spread Spectrum System Best Suited to Low Voltage
Signalling
Following this analysis of modulation systems suitable for Low Voltage signalling
it is proposed that Frequency Hopping Low Voltage Spread Spectrum signalling is
the optimum system for Power Line Carrier use.

Of the types of Spread Spectrum system that have been discussed, both Direct
Sequence Low Voltage Spread Spectrum and Frequency Hopping Low Voltage
Spread Spectrum signalling have their relative advantages and disadvantages but
most of the criticism of the Spread Spectrum Systems presently used in Low
Voltage Signalling systems [93] is more relevant to Direct Sequence Low Voltage
Spread Spectrum Systems.

Direct Sequence Low Voltage Spread Spectrum Systems are simple to implement,
because the direct modulation process only requires multiplication of the signal by
the spreading code. However due to its relatively small energy levels and
bandwidth spreading properties, the same properties which also make Direct
Sequence Low Voltage Spread Spectrum systems difficult to detect and intercept,
can also cause a problem where very strong unwanted signals, for example, at the
input of a receiver causes blocking of weaker signals. Since Direct Sequence Low
Voltage Spread Spectrum signals are "spread" around the carrier in a continuous
spectrum, and at very low power levels, single frequency interference directly
affects Direct Sequence Low Voltage Spread Spectrum transmissions more than
Frequency Hopping Low Voltage Spread Spectrum signals.

Frequency Hopping Low Voltage Spread Spectrum systems tend to usc the
greatest bandwidth but, unlike the continuous spectrums of Direct Sequence Low
Voltage Spread Spectrum systems, Frequency Hopping Low Voltage Spread
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Spectrum systems can be designed to operate in a non continuous spectrum. Other
transmissions in the same part of the spectrum can therefore be accommodated,
and in the eventuality that one particular frequency in a Frequency Hopping Low
Voltage Spread Spectrum system hop set causes interference, is itself subject to
interference, or is subject to attenuation, then that particular frequency can be
"omitted" from the hop set. The main difficulty in implementing Frequency
Hopping Low Voltage Spread Spectrum systems has been that the faster the hop
rate, the faster the switching speed required of frequency synthesisers. However
the use of digital synthesisers (DS) makes Frequency Hopping Low Voltage
Spread Spectrum signalling systems feasible, since switching speeds of well
below 1 JlS are economically possible.

One way of thinking about this concept of digital synthesis, is to examine a sine
wave. A sine wave, even if examined over only one or two cycles, consists of a
number of points along that cycle(s). At any point of the cycle it is possible to
ascertain the value (amplitude versus time (frequency)) of the sine wave. Using
modem technology it is possible using one or two integrated circuits to process a
number of these points in a relatively short time frame. By sampling and storing
the amplitude of a number of such points, along a sine wave's progress, it is
possible, using a low pass filter, to recreate the original sine wave by interpolating
between these different points. This is similar to the method of recovering an
analogue signal in the digital to analogue conversion process, where, as long as a
signal is sampled at the Nyquist rate prior to the quantisation and encoding
process, the original analogue signal can be recovered at the receiver, after the
complimentary decoding and "dequantisation" processes, by passing it through a
low pass filter.
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If instead of storing samples of the sine wave on a time basis, samples are stored
of the amplitude level on a phase basis, e.g. every 10 degrees, then these samples
could be stored ina Read Only Memory. By programming in only one cycle of a
sine wave, and using the phase accumulator's storage register to store a number
which represents fractions of 360 degrees, the full range of a sine wave, then any
frequency required, can be entered into the phase accumulator as a binary number.

3.24.1 Clocking in a Frequency Hopping Low Voltage Spread Spectrum
System
In the digital synthesiser of a Frequency Hopping Low Voltage Spread Spectrum
system some form of clocking device is required to control the "flow of numbers"
into the phase accumulator. The maximum throughput of the synthesiser will be
determined by the clocking devices frequency.

Maximum Frequency Out < Frequency of clockl2.2

(47)

The dividing factor of 2.2 is used in order to take into account any sharpness in the
cut -off of the low-pass filter. For the maximum frequency of 92 kHz, as
suggested in section 3.19.1, for a Frequency Hopping Low Voltage Spread
Spectrum system, a clock frequency of 202.4 kHz is required. The clocking
frequency also decides the size of the phase accumulator, in terms of the number
of bits it can handle, and the size of potential frequency steps.

Change in Frequency

=Frequency of clockl2 N

where N is the number of bits in the phase accumulator.
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(48)

Taking into account the same frequency band (10 to 92 kHz) a Frequency Hopping
Low Voltage Spread Spectrum Signalling System, using a clock rate of 202.4 kHz,
and a 6 bit phase accumulator, would produce frequency hopped steps of
approximately 2.4 kHz with a "guard band" of 0.7625 kHz available either side of
the signalling channels.

3.24.2 Transmitter and Receiver Filtering
Filtering will be required in the transmitter of a Frequency Hopping Low Voltage
Spread Spectrum Signalling system if any sidebands and spurious emissions
produced during the frequency synthesis operation are to be minimised. But at the
receiver, a Frequency Hopping Low Voltage Spread Spectrum signal, due to its
operation and nature, will not be as adversely affected by interference and impulse
noise attributed to a wider IF filter bandwidth which can affect most conventionally
modulated single channel Low Voltage Signalling systems.

3.25 Forward Error Correction (FEC) in Low Voltage Signalling Systems
Forward Error Correction (FEC) could be employed in Low Voltage Signalling
systems to reduce the sensitivity of high level modulation schemes such as
Quadrature Amplitude Modulation (QAM) to imperfections in a Low Voltage
Distribution Network communications channel, caused by the characteristics,
discussed in sections 3.1 to 3.6. However FEC systems normally require an
overhead of at least 5% which in a Low Voltage Signalling system could create
problems with bandwidth efficiency. The use of FEC in Low Voltage Signalling
systems is further limited by the fact that coding and modulation are generally
treated independently which can result in loss of information.
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One alternative solution to the use of FEC could be Trellis Coded Modulation
(TCM). TCM is attracting increasing interest as an alternative to the use of FEC as
a very efficient way to combine coding and modulation. TCM has become
standard practice

In

many high speed modems used for voiceband data

transmi ssi on.

TCM is based on a code construction using Euclidian distance (ED) and softdecision maximum likelihood sequence estimation (MLSE). Euclidean distance is
based on the vector-space representation of signals and is based on choosing the
signal 'closest to' the received signal. Euclidean distance is particular useful

III

probability of error calculations in power limited communication channels. A
power-limited channel (or an energy-limited channel) is a channel where all the
signal points lie within a sphere of radians ...JE, where E is the maximum energy
(where E = PT and P is the maximum power allowed for transmission). It is
apparent for example that in order to transmit at higher hit rates, where
correspondingly larger numbers of signals are used, the signals become 'closer'
together and thus the probability of error must increase. One method to overcome
this problem is to go to higher multilevel modulation schemes, for example using
three dimensional or orthogonal signals instead of two. In this case the signals are
now 'further apart' and it would be expected the probability of error would
decrease. Alternatively more signal points could be added by increasing the signalto-noise ratio. Consider the case of a 64 QAM system for example with a
minimum probability of error decision rule which assigns the decision to the
signal 'closest' to the received signal point. This then defines a 'decision region'
around each point. Euclidean distance in conjunction with MLSE can overcome
information loss in a signal caused by other hard signal decision making coding
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schemes and can therefore be used to optimise error control. Since TCM allows
the the transition to higher level signal constellations high redundancy coding and
subsequently coding gain without bandwidth expansion can be achieved, unlike
FEe.

TCM operates with lower signal/noise ratios in smaller bandwidths for given error
rates and probabilities than other modulation systems. To achieve this a redundant
alphabet is used. In a TCM system k of the n bits of information to be transmitted,
per 2D (two dimensional) symbol, enter a convolutional coder. In contrast to hlock
codes the parity-check information in convolutional codes is distributed over a
span of message symbols called the constraint span of the code. By this method
long contiguous streams of message bits can be encoded continuously without the
necessity of first grouping them into blocks. A convolutional encoder
accomplishes this by using shift registers whose outputs are combined in a preset
manner to give certain constraints within the encoded bit stream. A convolutional
code of constraint span k can be generated by combining the outputs of k shift
registers with v modulo-2 adders. At each clock time the outputs of the adders are
sampled by a commutator and therefore n output symbols are generated for each
input symbol giving a code rate of lin.

For example if we have a convolutional coder with k = 4, and v = 3, and assume
an input code sequence of 10110 ( all shift registers must be set to zero initially).
then the first message digit entering the encoder is a 'I' and the output is 'III'.
The second digit is '0' and the corresponding output is '0 I 0'. Therefore the code
generated by the encoder depends on previous message digits within the constraint
span of the code.
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At the decoder at each increment of the coded message there are eight (8) possible
choices in the three bit coded ex-ample from above. The decoder examines these
choices, in tenns of the conditional probabilities between each choice and within
the constraint span of the code, and makes decisions after each group of three
input digits usually using a 'code tree'. Many decodmg algorithms are used but
normally the most popular for codes with short constraint spans is the Viterbi
algorithm.

In

reM to send n bits of information in each signalling interval, a 20

constelJation of 2

n

oj.

I

points is used. Using a mapping procedure based on a

partitioning concept this constel1ation is divided into a number of subsets in order
to decrease the minimum free Euclidean distance. The resulting k + 1 coded bits
specify which subset is to be used whilst the remaining ( n - k ) information bits
specify which subset is to be transmitted.

Since the redundancy of coding is in the time domain (the normal procedure in
serial FEe coding) is replaced by a 'spatial redundancy' and there is no increase in
the necessary bandwidth. although there is a corresponding increase in the modem
complexity which can be overcome by state of the arr technology. Figure 38 shows
a typical 128 Trellis Coded Modulation scheme constellation.
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Figure 38 - 128 TCM Constellation

The possible use of error correcting codes is not restricted to conventional
modulation systems and it may be that to provide improved error probabilities it is
also one of the important issues that arises in the use of slow Frequency Hopping
Low Voltage Spread Spectrum systems. It is suggested that advantages can be
obtained from the use of a special form of cocatenated coding frrst suggested by
Frank and Pursley [126] that may give superior performance, in terms of error
protection, for Frequency Hopping Low Voltage Spread Spectrum systems over
TCM ones. A method proposed by Frank and Pursley [126] suggests that because
convolutional codes produce excellent performance on channels without memory
and since interleaved Reed-Solomon codes provide excellent protection against
block interference then a reasonable assumption might be to presume that a
cocatenated version of these two schemes could provide very ef1ective error
control in voice and low data rate communication systems.

The application of such cocatenated coding schemes has not been considered
previously in Frequency Hopping Low Voltage Spread Spectrum (or other) Low
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Voltage Signalling schemes however the design and applicati n f th enc ding
and decoding system is relatively simple and could be more cost effective than FE
or TCM schemes. Reed-Solomon decoding for example could be implement d in
software and there are a number of integrated circuits available Ii r c nv luti n 1
decoding.

A co catenated coding scheme for Frequency Hopping L w Voltage Spr ad
Spectrum systems is shown in Figure 39 and its implementati n is explained as
follows.
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Figure 39: • Cocatenated Coding Scheme for Frequency Hopping Low
Voltage Spread Spectrum Systems
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Metering data would be initially coded using a Reed Solomon encoder. Where
binary signalling is employed the coded symbols would consist of m consecutive
digits which with a suggested coding scheme of (n,k) then m

= log2n.

Frank and Pursley [126] suggest the employment of an interleaver where the
ordered pair (i, j) denotes the ith symbol of the jth Reed-Solomon codeword.
Using this interleave method on a Frequency Hopping Low Voltage Signalling
system means that coded symbols belonging to the same Reed- Solomon
codeword can be transmitted in different Dwell Times. The advantage of this
technique is that only one particular code symbol in any particular Dwell Time can
corrupted by narrowband interference at anyone time.

The Reed-Solomon code is further enhanced by the use of an 'inner code' which is
used to correct intervals within the Dwell Time and reduces further the probability
of error at the input to the Reed Solomon decoder shown in Figure 39. The
interleaving of the Reed Solomon code symbols is shown in Figure 40. The (lI,k)
Reed-Solomon code has minimum distance

11 -

k + I and therefore any errors, x,

and accepted symbols, e, can be corrected if 2 x + e

~

n - k. The probability of

decoding a code symbol incorrectly decreases if code symbols assumed to be in
error are erased since a Reed-Solomon code can correct twice as many erased
symbols as actual detected errors. Cocatenated codes could be usefully employed
in Frequency Hopping Low Voltage Spread Spectrum systems and could provide
several dB of improvement in coding gain over other coding systems where both
narrowband and wideband interference is present on a Power Line.
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Figure 40: - Interleaving of Reed-Solomon Code Symbols

3.26 The Maximum Data Rate of a Power Line Carrier Communications
Channel
Nyquist discovered that if an arbitrary signal is passed through a low-pa s filter of
Bandwidth, B, then this filtered signal can be completely reconstructed by making
only 2B samples per second. Higher sampling rates than 2B are irrelevant becau e
the higher frequency components that such sampling could recover have already
been filtered out. If a signal consi ts of M discrete levels Nyquists theorem state :

(49)

maximum data rate = 2B IOg2 M bits/sec

For example using a channel bandwidth of 2.4 kHz, as discussed in Section 3.11,
the maximum binary data rate a noiseless Power Line Carrier Channel could
transmit is 4800 bits/sec. Given the signal characteristics present on a typical
power line, as shown in ections 3.1 to 3.6, this maximum theoretical rate would
be almo t impos ible to achieve. If random noise is present on a power line for
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example the situation considerably deterioriates. The amount of thermal noise
present on a power line is normally measured by the signal power to noise ratio,
usually described as the signal-to-noise ratio SIN. Shannon showed that the
maximum data rate of a noise limited channel whose bandwith is W Hz, and
whose maximum signal-to-noise ratio is SIN is given by:

maximum number of bits/sec

= W log2 (I + SIN)

(50)

For example, a bandlimited Power Line Carrier Communication Channel of 2.4
kHz with a signal to noise ratio of 15 dB could never transmit more than
approximately 24,000 bits/sec, no matter how many signal levels or what
sampling rate is used. The Carrier to Noise ratios (C/N) given in Table 6, Chapter
3, for the various modulation system are the values for a system bandwidth which
is the minimum required for successful transmission of the signal. This bandwidth
in a digital system can also be termed the minimum symbol rate bandwidth or the

double -sided Nyquist bandwidth and is equal to the system symbol rate expressed
in hertz. The minimum symbol rate bandwidth can also be useful in evaluating
bandwidth efficiency. For example if a I Mbitls signal is to be transmitted on a
Power Line, using 128 TCM, the symbol rate can be given by:

Symbol rate

=Data Rate/ log2 No of Symbols

(51 )

which in the 128 TCM example given equals a Symbol Rate of:

Symbol Rate

= 1. 106/ logz 128 = 142.85 kbitls
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(52)

and the double sided noise bandwidth is equal to 142.85 kHz. Bandwidth
efficiency can be given by:

Bandwidth Efficiency = Data Rate/ Bandwith required

6

Bandwidth Efficiency = 1.10 1142.85 kHz =7 bits/Hz

(53)

(53.1 )

Whereas for a 16-QAM system the same data rate gives a symbol rate of:

6

Symbol Rate = 1.10 / logz 16= 250 kbitls

(54)

and a bandwidth of 250 kHz.

6

Bandwidth Efficiency = 1.10 1250 kHz = 4 bitslHz

(54.1 )

In terms of bandwidth efficiency therefore multi-level modulation schemes do
offer the possibility of higher data rates on Low Voltage Signalling than
conventional systems.

3.27 Assessment of Low Voltage Signalling Modulation Systems
In the analysis method shown in section 3.23 a common Figure of Merit, namely
the Propagation Loss, has been established to enable this analysis to take place. In
Low Voltage Signalling systems for example where there is the possibility of
more than one communications system being present in a very restricted
bandwidth, a comparison, of the effect of one system on another, can be made by
measuring the attenuation levels, of the Low Voltage Signalling frequency,
present at a specified distance (frequency separation) from the Low Voltage
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Centre frequency. For example if the Low Voltage Signalling signal level was
measured at some point from the its centre frequency, for example Fc ± Fd, where
Fd is the frequency "distance" separating the measuring point from the centre
frequency as shown in Figure 41 , then the following results are typical of those that
should be obtained for some of the modulation schemes described in sections 3.8
and 3.9:
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Figure 41 - Evaluating the Effect of One Low Voltage Signalling System on
Another

Low Voltage Amplitude Modulated Signalling Systems: Sidelobes == 25 dB down
on the Fc

Low Voltage Phase Modulated Signalling Systems: Sidelobes == 33 dB down on
theFc

Low Voltage Frequency Modulated Signalling Sy terns: Sidelobes == 60 dB down
on the Fc
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For Low Voltage FSK systems the drop off is approximately given by I/f to the
fourth power. For Low Voltage PSK systems the drop off is approximately given
by lIf squared. From an initial examination of these figures it would seem that,
from an adjacent channel perspective in a shared environment, a Low Voltage
Frequency Modulated Signalling system is the most efficient system, since at the
same "distance" from the carrier, as the other modulation methods, its signal value
is == 60 dB less than the carrier frequency. However this perspective is not as clear
as it first may seem. It is assumed in the above figures, that for the Low Voltage
Phase Modulated systems, abrupt phase discontinuities/changes would occur. This
is not necessarily the case, since the use of good filtering circuits could improve
the spectral characteristics of any Low Voltage Phase Modulated system.

A Low Voltage Signalling system must be resistant to the single frequency
interference which prohibits the operation of many conventional, single channel,
narrowband systems. It must cope with greater attenuation levels than a normal
communications environment as shown in section 3.3. Table 8 shows that the
Propagation Loss Figure for interference from a Frequency Hopping Low Voltage
Spread Spectrum signal is 10-20 dB better than the equivalent Low Voltage ASK
and FSK systems. For example, from Table 8, if a Frequency Hopping Low
Voltage Spread Spectrum signalling system and an Low Voltage ASK signalling
system were sharing the same Power Line the Frequency Hopping Low Voltage
Spread Spectrum signalling system would have to be approximately 18 dB higher
to cause a Probability of Error of IEIO-4 in the Low Voltage ASK systems
performance than if the Low Voltage ASK system were sharing the same power
line with a Low Voltage FSK Signalling system. In these circumstances and from
the analysis, a Frequency Hopping Low Voltage Spread Spectrum system would
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appear better equipped to overcome the potential interference and attenuation
mechanisms present on a Power Line.

Given the restricted bandwidth, 3 to 148.5 kHz, presently available in Low
Voltage Signalling applications, Frequency Hopping Low Voltage Spread
Spectrum systems will not function as they do in other environments and Trellis
Coded and other multi level modulation systems can offer superior performance.
Frequency Hopping Low Voltage Spread Spectrum systems were however initially
designed to operate in a military radio environment where the "noise" was likely
to take the shape of deliberate interference or interception and an important factor
in any analysis of Low Voltage Spread Spectrum systems but specifically related
to Frequency Hopping Low Voltage Spread Spectrum, is the Dwell Time.

An alternative way of looking at this is, to consider the possible case where
interference or noise exists on a specific frequency in a Remote Meter Reading
system using Frequency Hopping Low Voltage Spread Spectrum Signalling. In
this case the interference would only affect the system for the duration of the
Dwell Time, after which the system changes to an alternate frequency. The greater
the number of frequencies also allocated to a Frequency Hopping Low Voltage
Spread Spectrum Signalling system, the less the Dwell Time, and the less time for
the interference to affect the transmitted data. This attribute of Frequency Hopping
Low Voltage Spread Spectrum signals also opens up another possibility, that of
sharing the Power Line Environment with other signalling systems sharing the
same band of frequencies.

Equation 46 indicates that it is possible for Frequency Hopping Low Voltage
Spread

Spectrum

Systems

to

communicate,
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even

when

in

high

noise

environments, and with signal levels as much as 20 log DT lower, than the signal
level of a conventional Low Voltage Signalling system. It also establishes another
criteria, the more frequency hops present in the Frequency Hopping hopset, the
minimum the Dwell Time and mean rate of occurrence R b, the less likely the
Frequency Hopping Low Voltage Spread Spectrum signal is to be interfered with,
or cause interference to other systems.

Where the user is concerned with providing relatively cheap, slower speed, point
to point, non secure Remote Meter reading using a Low Voltage Signalling
system, and the error rate is accepted as being reasonably high at times, then
conventional modulation systems, such as ASK and FSK, could be used. Low
Voltage FSK signalling schemes in particular are ideal for the many low speed
data applications currently used on power lines. The main reason for this
popularity is the relative ease of producing Low Voltage FSK signal generation,
and the use of less complex non-coherent demodulation mechanisms.

The main drawbacks with using Low Voltage ASK and FSK modulation schemes,
even where line protocols [90], give added protection, is their relative
susceptibility to interference, natural or man made, as shown in the analysis of
Table 8 section 3.23.

Low Voltage ASK signalling systems tend to be much less complex than Low
Voltage Frequency or Phase Shift Keying signalling systems but are more
vulnerable to single frequency interference and noise, than FSK or PSK systems.
and could be affected by the attenuation characteristics on many Low Voltage
Signalling systems described in section 3.3. Low Voltage ASK SignaIling systems
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must bear the responsibility for much of the bad publicity surrounding the use of
Low Voltage Signalling as a communications method.

Like Low Voltage ASK, Low Voltage Frequency Shift Keying (FSK) and
especially Narrow Band Low Voltage FSK, tends to suffer from the attenuation
characteristics present on power lines, especially at certain frequencies. Wide
Band Low Voltage FSK systems are more resilient than NBLVFSK systems but
are not, however, as efficient as Low Voltage Phase Shift Keying schemes, in
terms of power and bandwidth usage. Low Voltage Phase Shift Keying systems
can also suffer the same effects as Low Voltage ASK and FSK where single
frequency operation is used.

A Multi-level Low Voltage signalling system is used to transmit M separate
digital signals over a single band-limited channel, by changing the phase of the
carrier in M discrete steps. The advantage of modulating the Low Voltage carrier
of a transmitter with M separate digital signals coming from M separate lower bit
rate sources is that the bandwidth is conserved. The performance of Low Voltage
M-ary systems though, such as LVQPSK, can be severely degraded by linear
distortion.

In coherent versions of many of the Low Voltage modulation systems described in
sections 3.8 and 3.9, the receiver is synchronised to the transmitter. This means
that the delay distortion introduced by any Power Line, as discussed in section 3.5.
must be known at the Low Voltage signal receiver. Synchronisation is normally
derived from time measurements which are made on the received Low Voltage
signal. The carrier phase of the Low Voltage signal must generally also be
considered when the receive signal is processed. The process of calculating the
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delay, given the nature of a Power Line, may be very difficult to implement, and
would make most conventional forms of coherent modulation unsuitable for Low
Voltage Signalling operation.

It is concluded from the analysis in section 3.23 that it is possible for Frequency

Hopping Low Voltage Spread Spectrum systems to share the same Low Voltage
Distribution Network as conventionally modulated systems such as Low Voltage
ASK and FSK and that by maximising the hopset and minimising the Dwell Time,
and therefore the mean rate of occurrences of any particular frequency, and
possibly also using a cotenated coding scheme, that bit error rates in this shared
environment can also be minimised. The analysis through the use of the
Propagation Loss provides an easily calculable method and common Figure of
Merit for evaluating modulation systems performance on Low Voltage Signalling
systems.
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Chapter 4 - Power Line Carrier (PLC) and Radio Metering
Communication Systems
4.1 General
Power Line Carrier [15, 19 or 23] is a process whereby data signals using Low
Voltage modulation systems, as described in Chapter 3, are superimposed on
power transmissions lines. Many of the circuits suitable for use in Power Line
Carrier applications can be modified, or adapted, from radio and other
communication systems [13 and 30], for use in Remote Meter Reading.
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Figure 42 • Non Coherent FSK Power Line Carrier System
4.2 Operation of Power Line Carrier NCFSK System
One possible method of detecting Power Line Carrier NCFSK is detailed in Figure
42. At the receiver the two band-pass filters are followed by an envelope detector
and a decision device. The frequency spacing, 2fd, must be at least Iff (or m>=I),
in order to prevent the passbands of the two filters overlapping, aliasing. A second
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I

J

method could be to use a discriminator to convert the frequency variations to
amplitude variations, so that amplitude-modulation envelope detection can be
used instead. This second method removes the design constraint that the
modulation index m

~

I.

4.3 Operation of Power Line Carrier QPSK System
A possible QPSK modulator/demodulator configuration that could be used in
Power Line Carrier applications is shown in Figure 43. At the transmitter a serial
to parallel converter changes the incoming serial metering data into two outgoing
parallel bit streams. These bit streams are at half the incoming metering data rate.
The two streams are input to two separate balanced modulators, one of which is
directly fed from the local oscillator, and the other by the same local oscillator but
by a signal which is 90 degrees out of phase, caused by a phase shifter. Due to the
balanced modulator action the signals leaving are now In-Phase and Quadrature
double sideband suppressed carrier signals. Since the signals entering the
modulator are producing a 0 and 180 phase change in the carrier, the change of
90 0 means in effect the Power Line Carrier signal changes between 90 and 270.
The summation of the resultant two signals produces a QPSK signal. The coding
of these phase states is a direct result of the binary data to the balanced
modulators.
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At the receiver the main difference in circuitry, to the transmitter, is that there is
requirement to produce an unmodulated carrier frequ ncy which can be pha elocked to the incoming Power Line carrier in order that demodulation can tak
place. This requirement means in effect that a Power Line Carrier QPSK system is
a coherent system.

4.4 Operation of Power Line Camer Frequency Hopping System
Figure 44 show how a typical Frequency Hopping transmitter configuration could
be used in a PLC ystem. The Power Line Carrier frequency of operation is

produced by the frequency ynthesiser. This signal is controlled by the output of
the code generator. Metering data is mixed with the synthesjsed signal to produce
the modulated Power Line Carrier. If the code generator sequence driving the
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J

synthesiser alters then the frequency to the rruxer alters. At the receiver the
reciprocal process takes place. The arrow highlights the logical relationship
between the code generators at the transmitter and receiver which must produce
the same code at the same time in order to successfully decode the incoming signal.
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4.5 Remote Meter Reading Using Radio
The approach, by the three main Utility providers (Gas, Water, Electricity), to the
provision of a Remote Meter Reading system, has produced slight differences, in
preference, for the type of communications medium to be used. Radio
communication is already used by all three service providers for many purpo e .
Given the appropriate levels of security, and access, Radio based Remote Meter
Reading systems can offer an attractive solution to all three utilities in the provision
of a Remote Meter Reading facility.
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4.6 Radio Remote Metering Using Split Band Working
A problem with many existing low power radio remote metering systems is that
the main data transmission path is one way, normally from the meter to a Central
Collection point. Dorey [36] details the latest situation regarding these Low Power
Radio and Metering applications, and gives the bandwidth of operation for remote
radio metering systems, defined by the Department Of Trade and Industry (DTI),
to be 183.5 MHz to 184.5 MHz. Any proposed radio based remote metering
system, in the United Kingdom, must work within this frequency range.

Most RECs would however prefer a full duplex, radio scheme. The advantage of
two way based radio remote meter reading systems is obvious, for example tariff
alteration could be carried out by broadcasting a specially coded message to all
radio units and receive an acknowledgement back. Within the Department Of
Trade and Industry CDTI) allocated band of frequencies, such a two way
transmission facility could be implemented by split band working, where the
transmit and receive frequency bands could be:

Transmit Band,
Data Collection Centre to Meter: 184 to 184.5 Mhz.

Transmit Band,
Meter to Data Collection Centre 183.5 to 184 Mhz.

Meter Receive Band :
184 to 184.5 Mhz.

Dec Receive:
183.5 to 184Mhz.
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There is perhaps an alternative method to that of the Department Of Trade and
Industry (DTI) allocated bandwidth for implementing radio remote meter reading
systems. This alternative method could use the existing data transmission
capabilities of Cellular radio, GSM, Wireless in the Local Loop, Broadband and
other commercial radio systems.

4.7 An Alternative Radio Remote Metering System Using Cellular
Radio Data Services
A cellular radio system [37 and 38] comprises a network of radio cells in which
each adjacent cell operates on a different Radio Frequency (RF) carrier. Cells
which are not adjacent to each other may use the same carrier frequency. Each cell
is prevented from interfering with another cell operating on the same frequency by
limiting its power output or radiation pattern. It is normal in cellular radio systems
to have a seven cell repeat configuration whereby a central cell is surrounded by
six other cells with the configuration being repeated to give the necessary
coverage. Each of the cells has separate transmit and receive frequencies which
provide the user with full duplex communications. The duplex capability of the
cellular system has enabled a fully compatible interface with the Public Switched
Telephone Network (PSTN).

In the United Kingdom the cellular radio operators use the T ACS system (Total
Access Communications System) which is an analogue system, based on the
American Advanced Mobile Phone System (AMPS). The existing United
Kingdom cellular radio operators are also licensed to operate a digital ceIlular
network known as Groupe Special Mobile (GSM) [39]. Although the traffic
carried on a cellular radio network is predominantly voice, it can also be adapted
to carry data whereby the mobile station is able to interface with data equipment in
PSTN and also with other networks such as the Packet Switched System.
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The use of Cellular Radio in a Remote Meter Reading Customer Access network,
and in the provision of metering communications to remote rural areas, where
other access methods may not be available offers major benefits. Cellular radio
systems are flexible and equipment can be generally rapidly deployed to meet
customer demand. Traditional radio access features such as voice telephony and
slow speed facsimile have now been enhanced with new digital services such as
ISDN access, and in due course will be further enhanced with leased line services
such as X.25, ATM, Frame Relay, and digital mobile services such as GSM. The
cost of transmission by radio is not distance related, and therefore can be
considerably cheaper than installing copper or fibre optic cables.[40]

4.8 Remote Meter Reading Using the TACS Cellular Radio Network
The T ACS network in the United Kingdom works in the frequency band 890 Mhz
to 950 Mhz and channels are spaced at approximately 25 kHz. Each channel is
fully duplex. The United Kingdom TACS network provides data communications
capabilities. One operator uses modems specifically designed for cellular radio
systems, and the other uses PSTN type modems compatible with the ITU
Regulations such as V.23. The first approach uses Data Gateways which provides
internetworking within a "fixed" infrastructure where the user need have no
specialist knowledge of the operational environment or the equipment. The second
approach does not require the use of specific equipment for data transmission and
enables direct interfacing with the PSTN. A possible remote meter reading system,
that could use T ACS, is detailed in Figure 45.
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Figure 45 - TACS Radio Remote Metering System

The T ACS system has provided a communications infrastructure in all but the m st
remote areas of the United Kingdom, and could provide a totally radi

b ed

remote meter reading system, or be used to provide a service to some rural are
where cabling infrastructures would be too expensive to install. Given th pre ent
cost of modem eqwpment and of T ACS handsets. with judicious use of air time a
cellular radio based remote meter reading system could be implemented reas nably
economically.

4.9 Remote Meter Reading System Using the GSM Cellular Radio
Network
The GSM network operates in the 890 MHz to 960 MHz frequency band and has
a channel spacing of 200 kHz. Using Time Division Multiple Access (TDMA)
techniques either eight or sixteen traffic channels can be accommodated in this
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bandwidth. Where eight channels are used each channel is known as a Full Rate
Channel (PRC), where sixteen channels are used each channel is known as a Half
Rate Channel (HRC). Channels may carry a mixture of speech, data and telemetry
services. The HRC has been developed for services which do not require th
capacity of a full channel and to conserve bandwidth.

A Remote Meter Reading system based on the GSM network could be pr vided by
using a special data adapter to convert the multiplexed data from the Metering
Interface Unit (MIU) into ISDN type rates of 3.6 Kbitsls, 6 Kbits/s or 12 Kbit Is.
Forward Error Correction and bit interleaving is performed on these rates t give a
data rate of 11.4 Kbits/s for a half rate channel (or 22.8 Kbits/s for a full rat
channel if required). The metering data is passed from the user via a radio link to
the Local Data Collection Centre where it could be interfaced into a conventional
ISDN, PSTN or PSDN network. This configuration is depicted in Figure 46.
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Figure 46 - Radio Remote Meter Reading Using GSM
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4.10 Wireless Local Loops
At present there are a number of solutions for providing radio based remote meter
reading systems. The low powered radio telemetry type system such as covered by
the Tangent schemes, as discussed in section 1.6, and cellular radio schemes such
as GSM and AMPS, discussed in sections 4.8 and 4.9. There are also other radio
technologies like Wireless Local Loop. The difference between cellular radio
systems and wireless local loop systems is quite substantial, both in terms of
architectures and cost. A cellular system normally consists of fixed subscribers
(fixed includes mobile users), fixed base stations connected to special cellular
switching centres which are in turn connected to the normal exchanges of the
PSTN. A wireless local loop system through the use of a special controller make
the base station interface appear as a standard local loop connection and therefore
allows connection directly to a normal PSTN type exchange, as shown in Figure 47
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Figure 47 • Wireless Local Loop Remote Metering System
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The interface between the Base Station and subscriber unit can use any of the
existing cellular technologies, including GSM and AMPS. Existing wireless loop
radio data systems which could be used for Remote Meter Reading systems have
not experienced the growth that voice systems have. In the United Kingdom the
RAM network is used based on Ericsson Mobitex technology. Although using
data transmission it should be noted that these systems are still mainly based on
mobile radio technology. The RAMS systems use standard radio voice channel
bandwidths of 12.5 or 25 kHz spacing.

4.11 Remote Meter Reading Using Frequency Division Multiple Access
(FDMA) With Dynamic Bandwidth Allocation (DBA) Enhancement
In comparison to point to point systems (PTP), point to mUlti-point radio systems
(PMP) require a management method that can control multiple, simultaneous
access, from a number of geographically dispersed terminals to one central
common base station. There are a number of different methods in which this
multiple access can be achieved, for example using Time Division Multiple
Access as detailed in section 4.9, by Frequency Domain Multiple Access
(FDMA), or by Code Division Multiple Access (CDMA). In order to cope with
the possible dynamically growing demands of Remote Meter Reading, using
radio, it may be that a new family of Point to MUlti-point radio systems need to be
used.

Frequency Division Multiple Access (FDMA) is the simplest method available to
provide multiple access to a number of different radio terminals. Each terminal in
a FDMA system has its own fixed frequency band allocated and the system
normally works in a duplex mode with separate transmit and receive channels.
Although relatively simple to operate, and offering a high degree of flexibility,
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FDMA sytems are bound to fixed frequency slots which are allocated on the basis
of what the maximum traffic capacity 'could be' not what it actually is most of the
time, and therefore FDMA can be inefficient in spectrum terms, if lower bit rates
than the maximum are used. Secondly in a FDMA system each 'communications'
link requires a separate modem at the base station for every access terminal which
can increase overall system costs.

New developments in modem technology [138] have overcome this disadvantage
of FDMA and offer a radio system with full transparency, and variable access
terminal bit rates. This new modem technology has led to the development of
Frequency Division Multiple Access (FDMA) With Dynamic Bandwidth
Allocation (DBA) Enhancement.

FDMAIDBA allows on-line bit error free switching of the modulation parameters
such as frequency, modulation spectrum, amplitude of the modulated carrier and
modulation scheme, as well as the channel coding. As this switching is done
dynamically a more flexible radio access method for remote meter reading by
radio can be provided.

Using FDMNDBA a fully transparent Point to Multipoint radio based remote
metering system could be provided with the same functionality as a number of
corresponding individual point to point links, but without the limitations of
existing time or frequency dependent multiple access schemes. The basic concept
of a FDMNDBA fully transparent Point to Multipoint radio based remote
metering system is shown in Figure 48:
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possible. The capacity of the system needs to be flexible in that further metering
radio links can be added or removed as necessary possibly using the sectorisation
technique of cellular radio or frequency reuse schemes.
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Figure 48:- FDMAlDBA Point to Multipoint Radio Based Remote Metering System

The modulation and channel coding shall be important in such a Point to
Multipoint Radio Based Remote Metering System. VariabIe rate digital modems
shall be required with advanced channel coding techniques, convolutional, Viterbi,
Trellis, and Reed-Solomon to guarantee the most efficient bandwidth use and offer
a good quality of service with comparable low bit error rates. Antennas
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shall be required that provide both omni-directional and sectored radiation
patterns. Current development trends suggest that these shall be based on
microstrip technology and can be easily adapted to individual customer
requirements.

4.12 Assessment of Radio Remote Meter Reading Systems
The most important advantage of Radio Remote Metering systems is the ability to
provide a fast, modular roll-out of remote metering services where customers can
be quickly connected. This factor, from a financial point of view alone, could
make Radio Remote Metering systems very attractive to the RECs.

There are technical problems with usmg radio remote meter reading systems.
Obstacles such as buildings, vehicles, or natural obstacles such as hills which
infringe in the radio path can put the receiving system element in a "radio
shadow", or cause the radio signals to be reflected. The resultant addition of the
various signals, direct and reflected, could lower or causing fading such that the
wanted signal level is not achieved, at the receiver, and subsequently the actual
level falls below the noise threshold. Where severe fading conditions exist, if a
successful signal is not received by a radio base station for a predetermined
amount of time, a few seconds usually, the system control elements shall terminate
the call. A radio signal arriving at a receiver may also have to overcome inherent
noise, and possibly interference, at that receiver. This noise level may be due to
the natural environment surrounding the receiver, or inherent noise within the
receiver produced by its electronic components.

Although GSM has been suggested for radio remote meter reading, and the systcm
is technically feasible, such a system has some limitations. GSM was conccived as
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a system to provide international, and intersystem roaming, and the numbering
system is quite large and cumbersome to support this, and may not lend itself
readily to the simple access required by a radio remote meter reading scheme.

Apart from the possible communication link problems, which can be overcome by
good network design, and the inflexibility of the GSM numbering system, cellular,
wireless local loop radio systems each has potential as the communications
network of a remote meter reading system. The advent of DCS 1800 (or PCN), or
other already available schemes such as RAM, through third party providers,
could provide a readily available, flexible, communications infrastructure for a
radio remote meter reading scheme which could be more cost effective than the
development of new radio remote meter reading systems using the Department Of
Trade and Industry (DTI), frequency allocated bandwidth of 183.5 MHz to 184.5
MHz.

Point to Multipoint Radio Based Remote Metering Systems are based on a
completely independent modem and radio function and allow an extremely
flexible method for providing remote metering. Using FDMAIDBA any
bandwidth up to 8 Mbitls is available using current technology. Selective
encryption on any single link is possible which has security attractions in Remote
Meter Reading systems.

Table 9 summarises the frequency spectrum allocations that could be used to
match the possible customer penetration in terms of distance, and possible data
rates for a radio based remote meter reading system.
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Customer

Customer
Density

Proposed
Data Rate

Frequency
Band

Isolated,
Single
Residence,
Rural
Business
-Urban Area

very low

1200 bitls

300 to
450MHz

medium to
high

1200 bitls to
2Mbitls

>20Hz

low to
medium
medium to
high
high to very
high

1200 bitls to
2Mbitls
1200 bitls to
8 Mbitls
1200 bitls to
8 Mbitls

<40Hz

Rural or
Semi-Rural
Residential Urban area
Urban -City

.

10.15 to
1O.65GHz
17 to
27GHz

Type of
Radio
Metering
System
Point
Point

Point to
Point and
Point to
Multipoint
Point to
Multipoint
Point to
Multipoint
Point to
Multipoint

Table 9 - Radio Based Metering Systems
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to

Distance
of
Operation
<70km

<lOkm

<30km
<IOKm
<Skm

Chapter 5 -ISDN: An Alternative to Power Line Carrier and
Radio Remote Meter Reading Systems
5.1 Remote Meter Reading Using the Telephone Network
The Public Switched Telephone Network (PSTN) in the United Kingdom has a
well established nation-wide infrastructure which could offer a communications
medium [4] for Remote Meter Reading systems. Telephone meter reading systems
'share' the existing line to a Customer's Premises with voice and signalling
traffic, or an extra line is provided, with modems, only for metering data. For
shared line telephone meter reading systems, calls are normally initiated at the
Local Supply area's Data Collection Centre. The metering device in the
Customer's Premises is then accessed over the telephone line, but through
specialised equipment, which bypasses the normal telephone instrument.

In the United Kingdom [4] British Telecom has proposed a telephone metering
system. MeterLink [4] (Note MeterLink is a BT Trademark) is a new BT service
for reading utility meters over the Public Switched Telephone Network (PSTN).
The MeterLink architecture is shown in Figure 49. The MeterLink system works
by establishing a connection to the Customer's Premises without ringing the
customer's telephone or interfering with the normal telephone service. These
metering communication connections are termed 'no ring calls'. No-ring calls
make the connection to a customers premises by transmitting dialling tones to line.
The dialling tones, instead of activating the telephone, activate a telemetry
interface unit (TIU). The TIU provides an interface between the telephone system
and a meter for the transmission of metering data.
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Figure 49 • MeterLink Architecture

By using MeterLink, call charges, which are one of the major drawbacks of any
telephone remote meter reading system are limited. In theory list of meters to be
read will be downloaded to the telemetry platform of the MeterLink system nly
when required, and each meter reading session shall have a predefined time
window attached to it, within which the meter reading or reaclings shall be
completed. For example by using the MeterLink and initiating most remote meter
reading calls in the early hours of the morning, the system could use the PSTN
without causing any effect on normal telephone traffic.
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5.2 Domestic Telephony Costs for Remote Meter Reading
Any telephone based Remote Meter Reading system, such as Meterlink, will incur
some call charges. The question for the RECs is how much shall these charges be.
The provision of domestic telephony services is closely tied to ownership of the
Customer Access Network and although deregulation and privatisation has opened
up much of the telecommunications markets this has mainly concerned the trunk
networks. In the United Kingdom, as quoted in section 1.3,97.7% of the customer
access network was still in the hands of the original PTa in 1994. According to
Eurodata [102] domestic telephony costs are still relatively high, mainly because
of the lack of competition for the provision of Customer Access services. Based
on an Eurodata formula that is calculated for 2,855 calls, made at six different
times of day, and covering distances ranging from 3 kilometres to 490 kilometres,
with calls lasting in duration from 2.5 minutes to 4.5 minutes, the overall costs for
domestic telephony charges are detailed in Table 10. The formula used also adds
one fifth of the carrier connection charge to the total cost of providing the service.

It is possible to use the information, in Table 10, to estimate the annual cost of a
telephone remote meter reading system, such as MeterLink, based on an assumed
access time of 20 seconds. If instead of making six normal calls to 2855 customers
we make one remote meter reading call to 17,130 customers, and if each call lasts
2.5 to 4.5 minutes as stated then the additional cost, per 17,130 customers, to a
REC would be 603,720 pounds, per annum, using BT, or 526,320 pounds, using
Mercury. With a potential market of 23 million customers in the United Kingdom
the total annual bill for such a telephone based remote meter reading system
would be in the order of 810 million pounds using BT or 706 million pounds
using Mercury.
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Country

Total Cost (Fixed +Usaee)

United States
France

295
299
320
357
453
S26
533
552

UKlBT

603

Germany
Ireland
Italy
Spain
Portugal

637
871
903
914
1195

Norway
Denmark
Netherlands
Sweden
Belgium

UKlMercury

.

Table 10 - Domestic Telephony Annual Costs (in thousands of pound)
Remote meter reading calls are unlikely to last 4.5 minute or 2.5 minule .
Assuming an an average domestic telephone call lasts 3 minutes, and reducing lh
total amounts, in Table 10 correspondingly, for a typical remote meter reading all
of 20 seconds duration, still gives average bills of approximately 90 million p und
using BT or 78.4 million pounds using Mercury. If the 12 Regi nal Electricity
Companies each had an equal share of the 23 million customers then annual bills
for a telephone remote meter reading service would be approximately 7.5 million
pounds using BT, or 6.5 million pounds using Mercury. These co ts are £ r the
telephone charges alone and do not include the provision or cost of any equipment.
The figures are also based on the assumption that only one try is needed to ace
the metering device, more tries would incur greater call charges.

5.3 Remote Meter Reading Using an )(25 Packet Oats Network
Remote metering data could also be transmitted over the PTO owned Packet Data
Network. Eurodata shows [102], the costs of an X.25 service from the PTO ,
based on annual fixed rental, and usage costs, for a 9.6 Kbit Is circuit referenced t
1,373 local and trunk calls per day, as detailed in Table 11. As uming each
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remote meter reading could be carried out at 50 bits/s, the data rate used in the
Melko system of section 1.7, then the number of such circuits which can be
multiplexed onto one 9.6 Kbits/s X.25 circuit is 192. Taking into account that the
annual figures above are based on 1,373 such 9.6 Kbits/s local and trunk calls,
then these amounts can be related to the cost of providing a remote meter reading
service to 192 x 1,373 = 299,616 customers annually. The total annual cost of
providing an X.25 based remote meter reading system to a potential market of 23
million users is:

23,000,000/299,616 x 8,677,000 = 666 million pounds using BT,

23,000,000/299,616 x 9,076,000 = 696 million pounds using Mercury,

Again assuming these costs are equally shared amongst the 12 Regional Electricity
Companies it would still leave annual bills, for each of the companies, in the
region of 55.5 million pounds and 58 million pounds, using BT or Mercury
respectively, for an X.25 based remote meter reading system. It could be argued in
both cases, telephone and X.25, that faster access rates would minimise charges.
But faster access rates generally mean more expensive equipment and line costs.
For example increasing the remote meter reading data rate to 2400 bits/s would
cut access time to 1I48th that of a 50 bits/s system, but the number of 2400 bits/s
circuits that could be carried on a 9600 bits/s bearer would only be 4, and so the
number of such 9600 bits/s circuits that would be required for an X.25 Remote
Meter Reading Packet Data Network would increase from the original number by
a factor of 48.
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Country

Total Cost (Fixed +Usage) .i n pounds
5,224
5,412
7,484
3,868
5,177

Norway
Denmark
Netherlands
Sweden
Belgium
l l ¥ ,. ,,'::
""
""
,.,
9~07ij
UKIMercury
.'
Not Provided
United States
5,067
France
S,677
UKlBT
5,835
Gennany
5,236
Ireland
6,410
Italy
12,565
Spain
7,876
Portugal
Table 11 - Domestic X.25 Annual Costs (m Thousands of pounds)
w

y,

.

.

5.4 An Alternati ve Telephone Based Remote Meter Reading System
The Integrated Services Digital Network (ISDN) has seen little u e by the average
Customer, even in telephony applications, because whilst most Public Telcph n
Operators have spent large amounts of capital on installing digital lincs, switches
and other equipment, in their transmission networks, little effort has been appli d
to providing such digital technology in the Customer Access (Local L

p)

Network. Primarily the reason for not upgrading the local loop has been the c st f
providing the necessary digital technology at a reasonable price. Thc rea n Ii r the
high costs of such updating is that the majority of local loops in u e in teleph ne
systems are 2 wire, and in order to provide an Integrated Services Digital Network
local loop, the connection between the user's terminal equipment and the 1 cal
exchange should ideally be 4-wire. Since the existing 2-wire infrastructure to very
customer would have to be replaced this means that because of the cost impact the
digital services that can initially be offered to most ISDN users shall use the
existing 2 wire local loop.
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5.5 The Integrated Services Digital Network (ISDN)
The standard for the Integrated Services Digital Network (ISDN) wa

fir t

proposed by the CCIIT (now the ITU) in 1981. ISDN has as its primary g al the
integration of voice and non voice services, including vide communications, u ing
digital techniques. The basic ISDN architecture is shown in Figure 50 and the main

lTV recommendations in Table 12. The principal concept of ISDN is to pr vide a
single interface where all the needs of the user can be handled via a "data
highway". This highway is a "pipe" between the u er and the ervice pr vider
through which data flows. The origin of the data, whether fr m a tel ph n
(digital) or a remote metering device is theoretically irrelevant to an ISDN. Th
data highway as defined in CCIIT ISDN recommendations supp rt a number f
independent input tributaries by time division mUltiplexing. The relevant ISDN
interface specifications are shown in Table 13.
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Figure SO - Basic ISDN Architecture
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I
th r Networks

Datllbase

thee
ervlce

General
1.110

General structure of the I-Series Recommendations

1.111

Relationship with other Recommendations relevant to ISDNs

1.112

Vocabulary of terms for ISDNs

1.120

Integrated Services Digital Networks (ISDNs)

1.130

Attributes for characterisation of telecommunications services supported by
an ISDN

Service Capabilities
1.210

Principles of Telecommunications Services Supported by an ISDN

1.211

Bearer Services Supported by an ISDN

1.212

Tele-Services Supported by an ISDN

Overall Network Aspects and Functions
1.310

Principles of Telecommunications Services Supported by and ISDN

1.320

Bearer Services Supported by an ISDN

1.330

Tele-Services Supported by an ISDN

1.331

(E.I64) The numbering plan for the ISDN era

1.340

ISDN Connection Types

Table 12 - Main ISDN Recommendations
User-Network Interfaces
1.410

General Aspects and principles relating to Recommendations on ISDN user
-network interfaces

1.411

ISDN user-network interfaces - reference configurations

1.412

ISDN user-network interfaces - channel structures and access capabilities

1.420

Basic user-network interface

1.421

Primary rate user-network interface

1.430

Basic user-network interface-Layer 1 specification

1.431

Primary rate user-network interface-Layer 1 specification

1.440

(Q.920) ISDN user-network interface data link layer-general aspect"

1.441

(Q.921) ISDN user-network interface data link layer specification

1.450

(Q.930) ISDN user-network interface layer 3 general aspects

1.451

(Q.931) ISDN user-network interface layer 3 specifications

1.460

Multiplexing, rate adaptation and support of existing interfaces

1.461

(X.30) Support of X.21 and X.21 bis based DTEs by an ISDN

1.462

(X.31) Support of Packet Mode Terminal equipment by an ISDN

1.463

(V. nO) Support of DTE's with V-series type interfaces by an ISDN

1.464

Rate adaptation, multiplexing and support of existing interfaces for
restricted 64kbitJs transfer capabilities

Table 13 - ISDN Interface Specifications
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5.6 The ISDN Reference Configuration
The CCITI produced reference configurations for the interface points to an ISDN
network, which are shown in Figure 51.

TA

TE2

NT2

NT!

NT2

NTI

R

T

NT12

S
Figure 51 - ISDN Reference Configuration

The reference configurations are conceptual configurations which can be u ed t
identify methods of connecting to the ISDN. Two concepts are used for de cribing
these ISDN configurations. The first concept combines similiar functi ns which
may be required in ISDN arrangements into common groups. The

p ific

functions in a common group may be performed by one or m re piece

f

equipment. The second concept is one of reference points which are given
alphabetic letters (R,S,T). These are the conceptual points of the network at the
conjunction of two functional groups. The reference points may c rre pond t

a

physical interface between pieces of equipment or there may not be a
corresponding interface.

Each box in the reference configuration represents a specific functi nal grouping.
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L T (Line Termination)

NT 1 (Network Termination 1) includes functions associated with the physical and
electrical termination of the network as defined in the OSI 7 layer model Level I.

NT2 (Network Termination 2) includes intelligent functions equivalent to the OSI
layers I, 2 and 3.

TE 1 (Terminal Equipment 1) An interface that complies with the ISDN

USCI'

network interface recommendations shown in Table 13.

T A (Terminal Adapter)

TE2 (Terminal Equipment 2) An interface (CCITT V or X series) that requires a
Terminal Adapter to be compatible with the ISDN user-network interface
recommendation, for example a data terminal with a V24/V28 (RS-232-C)
interface.

One method of interfacing a metering device to the ISDN, for the purposes of
Remote Meter Reading, could be implemented via a TE2 equipment. For sllch
interfacing to take place the metering device needs a standard interface sllch
asV24N28, RS232c, or other, detailed in
recommendations.
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the CCITT V or X serIes

5.7 Basic and Primary Rate ISDN User Interfaces
Two principal interface standards have been defined for user-network interfaces in
an ISDN. The first standard, known as the Basic Rate Interface (BRI), operates at
a nominal bit rate of 144 kbitls. This interface supports two "B"channels, each
operating at 64 kbitls, and one "D" channel operating at 16 Kbit/s. The "B"
channels are used for data transmission and the "D" channel is used for signalling
and low rate data telemetry. The second interface is the "primary rate" interface
which operates at 1984 kbitls. At 1984 kbitls the interface supports 30 "B"
channels and one "D" channel. All channels operate at 64 Kbitls.

5.7.1 Basic Rate ISDN Channel Structure
The D channel in the BRI serves two purposes. First it carnes signalling
information which is used to control circuit switched cal1s, of the associated traffic
carrying B channels, at the ISDN interface. Secondly the D channel can be used
for carrying traffic in a packet switching or low speed telemetry mode when no
signalling information associated with the B channels is required, for example
when no traffic is presented to the ISDN. Table 14 provides a summary of the
typical data "types" which could be supported by the Band D channels. Since
either the B or D channels of the BRI can be used to transport data it is possihle
that with the correct meter interface that this could also include data for Remote
Meter Reading. Figure 52 shows the frame structure for a BRI. Each frame
consists of 48 bits, 16 bits from each B channel, 4 from the D channel with the
other bits used for control and signalling purposes. The controlling and signal hits
are:

F

=Framing bit

L

=DC load balancing

E

=Echo of previous D bit ( for contention resolution)
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D

=D channel ( 4 bits x 4000 frames/sec = 16 Kbitls)

A

=Acti vation bit

S = Spare bit

The BRI frame is 48 bits long. sent over a period of 250 microseconds, giving a
useful data rate of 144 Kbitls for data (36 bits) but occupying a total bandwidth of
192 Kbitls including overheads. The D channel is further subdivided into three
logical subchannels;

s = subchannel for signalling (setting up a call)
t = subchannel for telemetry
p

=subchannel for low bandwidth packet data

B-Channel

D-Channel

Telephone

Alarm Systems

Interactive Information

Utility Metering

Services

Energy Management

Electronic Mail

Table 14 - ISDN Band D Channels

IFILI~ILIDILI!ILI~ILIDILI~ILIDILI~ILIDILI
a) BRI ISDN Frame Structure Transmitted from Users Terminal to network

IFILI~IEIDIAI!INI~IEIDlsl~IEIDlsl~IEIDILI
b) BRI ISDN Frame Structure Transmitted from Network to Users Terminal

Figure 52 - Basic Rate ISDN Channel Structure

5.8 ISDN Connections
There are three types of end to end connection provided by an ISDN system:
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a.

Circuit Switched Calls over the B channel.

b.

Packet Switched Calls over the B channel.

c.

Packet Switched Calls over the 0 channel.

Anyone of these types of connection, with an ISDN BRI terminal installed in the
Customers Premises, could provide Remote Meter Reading Communications.

5.9 Using the ISDN B Channel Circuit Switched Connection to Provide
Remote Meter Reading Communications
Figure 53 shows the systems architecture of a possible Circuit Switched Remote
Meter Reading system which could be interfaced with an ISDN. The three
individual data outputs from the gas, electricity and water meters are multiplexed
by a Metering Interface Unit (MIU), as proposed in section 1.4.6. The MIU would
be colocated on a Customer's Premises with the metering device. The purposes of
using the MIU, in addition to combining the three meter outputs, as suggested in
section 1.4.6, is that it reduces and controls circuit contention, minimises
telephone line usage and therefore line charges, and it cuts equipment costs by
providing one common external interface to the ISDN Network Termination Unit
rather than one interface for each individual Utility's service.

The secondary purpose of the MIU is to provide a common output to a customers
metering display. This display would be used by the customer to view
measurement information associated with parameters such as tariff, usage, and
cost of utility service to date. An internal power supply with battery back-up,
control logic, and an internal Multiplexer, are also shown in the proposed design.
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The MID shall multiplex the metering data from the individual Utility company's
meters into a single data stream suitable for interfacing to the ISDN Network
Termination Unit and in the reverse direction shall demultiplex data [Tom ISDN
Network Termination Unit and route it to the relevant meter.

The MIU has become an ISDN TE2 in this example and theoretically the Terminal
Adapter shown in Figure 53 could also have been functionally incorporated within
the MIU.
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Figure 53 • Circuit Switched Remote Metering Reading Using an ISDN
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The call set up and possible operation of a Remote Meter Reading System using a
circuit switched ISDN is shown in Figure 54. The DCC set ups the
communication path to the MIU, via the telephone network, using the D channel.
A BRI B 64 kBits/s channel is used to transmit and receive metering data between
a Data Collection Centre (DCC) and the Metering Interface Unit, also via the
telephone network. The DCC and the MIU may use any protocols they wish for
end-to-end communication once the call is set up. The D channel is used to
exchange control information between the MIU, or the DCC, and the telephone
network for call establishment, termination, and access to network facilities.
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~
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Figure 54 - Circuit Switched Remote Meter Reading Call Set-up
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Figure 55 depicts a communications architecture that could be used to implement
the circuit switched remote metering system, via the ISDN, shown in Figure 54.
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Figure 55 - Communications Architecture for an ISDN Remot M terin
System

5.10 Using the ISDN 8 Channel as a Packet Switched Connection to
Provide a Remote Meter Reading System Communications Network
An Integrated Services Digital Network could also provide a 64 KbitJ
mipermanent switched B-channel connection between the Metering Interface Unit
and a packet handling function within the ISDN network. Semi-J> rman nt
switched access allows the circuit to be established for longer peri d

f tim than

a normal telephone call, 2.5 to 4.5 minutes [102]. Semi-permanent ISDN switch
access could be more cost effective to the Regional Electricity

ompani

than

permanent access via such systems as X.25 packet data networks which wer
discussed in section 5.3. The sequence of events for transmitting and riving
metering data in a semi-permanent ISDN switched access could be:
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- Dee requests, via the D channel a circuit switched connection to a packet
switched node

-The connection is set up using SignalIing System No.7 and the DeC is notified
of this via the D channel

-The Dee sets up a virtual circuit to the Metering Interface Unit via the call
establishment procedure on the B channel

-The Dee terminates the virtual circuit using X.25 call procedures on the B
channel.

- After the MIU has passed the necessary metering data on the 8 channel. the
Dee signals, via the D channel, to terminate the circuit switched connection tn
the packet switched node.

-The connection is terminated via Signalling System No.7

5.11 Using the ISDN D Channel as a Packet Switched Connection to
Provide a Remote Meter Reading Communications Network
All traffic over the ISDN D channel uses a Link Access Protocol - D channel
(LAP -D). At the network layer, X.25 is used for packet switching [18 J, and a
protocol, defined in eeITT Recommendation 1.451, is used for control signalling.
The data link layer on the D channel, the channel where LAP-D is used, has to
deal with two levels of multiplexing. For example, at an end users location there
may be more than one metering device, as shown in Figure 53, sharing the same
physical Metering Interface Unit, or each utility meter may have its own Metering
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Interface Unit, or the meters could be directly connected to one ISDN Netw rk
Termination Unit. There will also be two different types of traffic consisting of
either packet-switched data or control signalling.

LAP-D accommodates these different levels of multiplexing by u ing a two part
address which consists of a Terminal Endpoint Identifier (TEl) and a

ervice

Access Point Identifier (SAPn. Normally each utilities individual m t r an be
given a unique TEl. In the case where individual Meter Interfacing Unit ar
provided, for each utility's meter, or the case where the meters are c nn ted
directly to an ISDN Network Termination Unit it is possible for m rc than n T I
to be assigned. Figure 56 details the possible network configurati n £ r u h a
remote meter reading system, using the ISDN D channel, with the crvice
provided by the LAP-D layer being extended to access the meters of all thr
Utility Companies.

Packet Data
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Figure 56 - Network Configuration and Protocols for a Remote Meter
Reading System Using the ISDN D Channel
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5.12 Conclusions
It has been proposed [4 and 5] that telephone networks, including the use of
Integrated Services Digital Networks, offer many benefits to Remote Meter
Reading Systems. The main disadvantages of using telephone based Remote Meter
Reading systems are the current cost of tariffs. A cost effective ISDN ervice in
particular is still not available in many areas of the United Kingdom and Europe.
Table 15 [96] shows the number and types of ISDN of lines that are pre ently
deployed, and forecast to be deployed, to ordinary households in Eur pe (in term
of l000s of lines). The significance of the figures. detailed in Table] 5, is h w few
ISDN circuits, only 154,000 Basic Rate Interfaces, will be available in the Unit d
Kingdom in 1997. one year before full deregulation of the Electricity Supply
Industry takes place. The number ofBRI interfaces shall rise to 979,000 in the year
2000. The already available, and forecast, amount of ISDN line , for the y ar
1997 and 2000, could not provide a communications network for the p tential
customer base of a United Kingdom Remote Meter Reading Sy tem, 23 million, a
discussed in section 1.1.6.

Country
Belgium
Denmark
France
Germany
Italy
Holland

January
1997

Service

35
6
60
3
248
18
332
21
136
17
70
5

BRI
PRI
BRI
PRI
BRl
PRI
BRl
PRI
BRl
PRI
BRI
PRI

Table 15 - ISDN Line Deployment Forecasts

BRI= Basic Rate and PRI=Primary rate
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January
2000
167
12
195
7
1,705
66
2,3 18
83
1,209
36
347
12

The cost of installing a Basic Rate ISDN infrastructure in each Customcr premi e
could also be prohibitively expensive to a utility company, where large number

f

Customers could be involved. Table 16 [96] shows the cost of a BRI is exp n ive
both in terms of equipment, and monthly line rental cost. ISDN line rental co t, in
the United Kingdom, is approximately £400 per annum, and reviewing the volum
of Remote Metering Data likely to be transmitted or received from a cu t m r
premises, a rate of 1200 bits/s is suggested in section 3.12, w uld eem t prohibit
the use of an Integrated Services Digital Network BRI whilst 1 wer capacity, and
possibly more cost effective methods, such as radio and Power Line am r PL )
exist. It is not unfeasible that the Integrated Services Digital Nctw rk PRI

uld be

f metering data

used to interconnect Local Data Collection Centre , with volum

of at least 2.048 Mbits/s, to the Local REC/Second Tier Agent r Primary uppJj r
but as Table 16 shows this service could also be prohibitively exp n iv .

Country

DRJ

Belgium
Denmark
France
Gennany
Netherlands

Installation
5.69
1.64
3.08
2.47
3.29

PRJ

Monthly Cost
45.71
16.80
35.42
29.57
30.14

Installation
68.36
1 J.53
32.00

Monthly Cost
548
117
369
207
30]

17.~

32.95

;

,

,

Table 16 - ISDN Installation and Monthly Costs in pounds

ISDN has been the topic of much discus ion in the telecommuni ati os w rId. Tb
Public Telephone Operators have introduced ISDN equipment and y t m whil t
publicising ISDN as a revolutionary telecomrnunicati ns c ncept. Th r
major problem with this concept, the user need to be rich enough t aff rd it.
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The Basic Rate ISDN equipment that has been introduced by the PTOs is costly
because the installed and potential customer base, as Tables 15 and 16 show, is
very low, and resulting high tariffs shall continue to deter potential users like the
RECs. Chapter 6 shows how the impact of the new technologies, and in particular
the use of Asynchronous Transfer Mode (ATM) in conjunction with the
Broadband ISDN Synchronous Digital Hierarchy Transport Networks of the new
licensed Public and Private Telephone Network Operators, could he more
technically and cost effective, to the Regional Electricity Companies, as a
communications network, which could be involved in the transmission of Remote
Metering Reading data.
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Chapter 6 - Development of an Architecture for Remote
Communications Systems
6.1 The Classic Remote Meter Reading Communications Network
Architecture
In general the Remote Meter Reading systems architectures detailed in references
[2,4,5,7,8,10,20,21,22,56,57,59,60,70,79,94], and discussed in Chapters 3, 4 and
5, could be described as "classical" in that they usually work on the premise of a
Power Line Carrier/Radioffelephone Line Customer Access Network system
being used to carry metering data to a local collection point, usually a substation
or transformer site, then using the PSTN, radio or other telecommunications
Transport Network system to carry the data to a central collection point, usually
the local Regional Electricity Company.

Of the two elements the Customer Access Network is the most cost sensitive
[99, Ill] and is one of the main reasons why Power Line Carrier using the Low
Voltage Distribution Network has been suggested. The development of an
effective transport network [41,103,104,112,121] for Remote Meter Reading
systems does not face the same technical or cost restrictions as the Customer
Access Network.

6.2 Remote Meter Reading Data Transport Network
The advent of a 'true' second tier supply system where metering information may
need to be provided to the prime supplier, Local REC/Second Tier Agent and the
NGC or Pooling Settlement Administrator requires the provision of a National
Communications Network.
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The Public Telephone and Private Network Operators who could provide such a
network

are

now

finding

themselves

compelled

to

deploy

broadband

communication technologies. This deployment has resulted from the need to
provide services for imaging, video, digital voice and collaborative computing
communications. The new broadband network technologies could upgrade the
efficiency of existing metering communication networks by removing bandwidth
limitations, in the transport network. These broadband network technologies could
also provide increased reliability, resilience to failure, and network mana gem nt.
Commercially, the cost margins [96,102] involved in the provision of such services,
with the advent of deregulation and consequent increase in competition, coupled
with the availability of the new technology [41,91,103,121] has driven co t
margins of transmission circuit capacity downwards as shown in Figure 57 [91] .
Relative CMt per KID in Pounds

l0000i-t

1000

arcuit Capacity in
:Mhitsls and Gbitsls

100

10

1

0.1
40 bitsls

Year
1975

1980

1985

1990

1995 .

2000

Figure 57 - Relative Cost Per Mhitls x Distance (km) of Transmission
Capacity
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In Section 1.1.7 it was proposed that to take full advantage of the opportunities
arising in the Electricity Supply Industry and other utility supply areas an
Integrated

Remote

Metering

Communication

and

Information

Systems

infrastructure must be in place.

It is suggested that for a National Communications Network for Rem te Meter
Reading it would be of economic and technical advantage to the RECs to employ
the Broadband Communication Networks of the Public Telephone and Private
Network Operators. These Broadband Communication Networks would lay the
foundations, as shown in Figure 58, for the provision of an Integrated Remote
Metering Communication and Information Systems infrastructure providing Value
Added Services, telephony, video and security monitoring, which could reduce the
cost of implementing a communication network for Remote Metering.

SDH ADDlDrop
Multiplexer

SDH ADDlOrop
Multiplexer'

SDn ADDIDrop
Multiplexer

mEE 802.3
FDDI
DQDB

SDB ADD/Drop
Multiplexer

I

I
Narrowbnd ISDN [glorC.. e

Users

Telephone
Data
Fax
Telemetry (inc Remote Meter
Reading)
Videotex
Electronic Mail

'----iATM
iSMD
Fram ReIllY

I
BrOAdband ISDN InterCace

Videophone
Higb Speed Data
Video Conferencing
CATVIHDTV
Broadband Videotex

Figure 58 - Typical B-ISDN Network Services
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The impact of using Asynchronous Transfer Mode (A TM) [103] in conjunction
with these broadband networks, its perceived efficiency [122] and real cost to the
RECs is a significant factor for considering its use for networking across the
potentially wide service areas of a National Communications Network. Its cost
effectiveness to the RECs will be based on the reasoning that the use of private
ATM networks shall not be dependent on carrier tariff rates or by restrictions in
quality of service.

A full Broadband-Integrated Services Digital Network based on Asynchronous
Transfer Mode has been available in the United Kingdom and other European
countries, as shown in Table 17 [102 and 121], since 1996. In England and Wales
the Regional Electricity Boards have themselves combined under the Energis
banner as a licensed PTO, and Broadband Synchronous Digital Hierarchy (SDH)
AddIDrop Multiplexer [41] equipments are already installed in many electrical
substations, co-located with electrical distribution equipment. The fact that
universal standardisation is a central feature of SDH equipment means that the
RECs have theoretically the freedom to purchase communications equipment from
different manufacturers or suppliers with the confidence it shall interface to such a
network. This will greatly enhance the attraction of using SDH as a National
Communications Network for Remote Meter Reading data.
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der
Kingston
Communications
Deutsche Telecom

2,34 and 140 Mbits/s

1996

Nationwide

2, 34 and 140 Mbits/s

Is

.

B 1
,

:

,,',

./:: . :.;,', ..:'., ..

:'

,

2 34

.:

d 140 Mb ' /

' , , "

",

",,'

Table 17 - The Development of SDH Networks in the United Kingdom and
Europe

6.3 An ATM Residential Network Model for a Metering Communications
System
Asynchronous Transfer Mode (ATM) provides real time switching of inJ.i rmati n
from telephone, video, computer sources and many of the new emerging
multimedia applications.

ATM supports a variety of transmission speeds because it is not associated with a
single communications medium or framing method. It allocates the total bandwidth
of the communication to such services as metering data, video, or v ice
transportation by transmitting fixed length cells whenever such a service requir
bandwidth.
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The A TM forum [104,112] has established a subnetworking group to specify
standard interfaces for an ATM To The Home (ATTH) architecture for different
residential access networks. A basic objective of this group is too provide a
communication network between service providers and home devices. Home
devices could be Personal Computers, set-top boxes, or other intelligent devices
including MeterlMetering Interface Units. An important feature of this group is to
specify how to use an ATM in the Home architecture to provide connectivity from
domestic premises to other services including Internet, and any existing Public
ATM networks.

Since telephony services (POTS) remain the mam residential communications
application, access to the PSTN is also provided in the universal model. Access to
corporate and private networks also has been recognised as important for
telecommuting, and the functional model proposed by the ATM Forum, for
providing residential Broadband services (including narrowband applications) has
been designed to include these networks. The universal functional model divides
the network into three parts: private, public and service provider networks. The
private network provides connectivity within the home, whilst the public network
is further divided into two parts, the Customer Access Network (termed the
Residential Access Network in the model), and the Service Distribution Network
(SON). Both of these subnetworks should belong to the PTa or other operator.
The third network, Service Provider Network (SPN), belongs to the individual
service provider. The SPN is responsible for connecting the various servers of the
service provider to the Service Distribution Network.

6.3.1 CustomerlResidential Access Network (CANIRAN)
Since this is the most expensive element of any network and Remote Metering
provides only relatively slow data rates with relatively small bandwidths, and for
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reasons already stated, in section 3.27, a Frequency Hopping Power Line Carrier
System is proposed to provide this element of the network. By adopting an
ATM/SDH transport network however the transition to other CAN technologies,

from Power Line Carrier, such as ATTH could provide alternative routing or
future Customer Communications.

6.3.2 Service Distribution Network(SDN)
The use by the PTOs of synchronous equipment [41], such as a single
synchronous multiplexer, means that a REC also has flexibility at the CAN/SDN
interface point with a Synchronous Digital Hierarchy (SDH) network to increase
the transmission capacity for metering data as customer demand rises or falls
relatively simply, and route any necessary information to a Local REC/Second
Tier Agent, Primary Supplier or Pooling Settlement Administrator if needed. This
ability of SDH networks can lead to significant cost reductions in amounts of
equipment used, spares, maintenance and other ergonomic considerations. The
efficiency of the methods used by SDH systems together with enhanced
management facilities will lead to more flexibility in the provision of high or low
capacity data circuits for Remote Meter Reading and the type of problems that
occurred when the 100 kW customers were deregulated, as explained in section
1.2, could be avoided or minimised.

Figure 59 suggests an ATM Residential Network Architecture for the RECs which
is adapted for Remote Meter Reading using Power Line Carrier as the Customerl
Residential Access Network element. The model also provides the interface
structure necessary for the provision of the Value Added Services suggested in
section 6.2.
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Figure 59 . An A TM Residential Network Model for a Metering
Communications System

Power Line Carrier has been suggested as the Customer Access Network f a
Remote Meter Reading system but in certain instances and in rder t

pr vide

Value Added Services a more flexible approach needs to be taken by the RE s and
other telecommunications services providers. A hybrid solution of thr
communication technologies, radio, fibre, or copper cable including P wer Line
Carrier may be the best answer. Of the three technologies it is more than likely that
the one offering the best alternative to Power Line Carrier is the fadi
solutions shown in sections 4.7 to 4.11.
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based

The possibility of such Customer Access communications technologies has to be
accounted for in any Integrated Remote Metering Communication and Information
Systems infrastructure providing Value Added Services and a balance needs to be
struck between the availability of Power Line Carrier and possible alternative
routing mechanisms such as radio based systems. To this end a Flexible
Architecture is proposed for the Remote Meter Reading Customer Acc s
Network and the Residential Architecture Model of Figure 59. is amended to that
detailed in Figure 60:
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Figure 60 - Remote Meter Reading System Flexible Access
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6.4 Development of an ATM Network for Providing Remote Meter
Reading and Value Added Services
Broadband Integrated Services Digital Networks, like the Synchronous Digital
Hierarchy, cannot effectively communicate the proposed Value Added Services,
such as digital voice, data, and compressed image on their own.

ATM does what Broadband Integrated Services Digital Networks cannot do,
switches telephone, video and computer data in real time, and provides the
appropriate Quality of Service (QoS). ATM allocates the total bandwidth to these
services by transmitting fixed length cells whenever a service is required. The
information is packaged into 53 byte cells and can be sent at the following

USCI'

speeds:

1.544 Mbits/s as per ITU G.804
2.048 Mbits/s as per ITU G.804
6.312 Mbits/s as per ITU G.804
34.368 Mbits/s as per ITU G.804
44.736 Mbits/s as per ITU G.804
139.264 Mbits/s as per ITU 0.804

The ATM Interconection to the SDH Network can be at 34 Mbits/s or 155
Mbits/s. The 53 byte ATM cell is shown in Figure 61. Each cell has a 5 hyte
header that contains Virtual Circuit and Virtual Path Indentifiers (VCI/VPI). The
header is transmitted first and contains the addressing information hut does not
carry any service

specific information. The remaining 48 hytes could carry

metering or Value Added Service data. The other information in the cell header is:
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Generic Flow Control(GFC) - OFC is 8 bits long and is used to control the flow
of data traffic across the User Network Interface(UNI). The OFC exists only on
the user's interface to the ATM network, between adjoining nodes on an ATM
network this field is used for network addressing and is known as a Network Node
Interface(NNI).

Payload Type(PT) - The next three bits of the ATM header form the Payload
Type. The PT determines the nature of the information in the payload, whether it
is control and supervisory information, or raw data.

Cell Loss Priority(CLP) - CLP is a single bit within the ATM header and is used
to tell the network, when it is set to I, to discard the cell, if necessary.

Header Error Control(HEC) - The HEC serves as the error detector for data
within the header itself. The HEC has no relation whatsoever with the Payload
data. ATM is basically a connection orientated networking device since no data is
transmitted without a circuit being first established. The connections can be set up
on demand or pre -configured as required. Traffic on an ATM network is passed
through the network using Virtual Circuits and Virtual Paths. The concept of
Virtual Circuits (VC) and Paths is important because it is what differentiates an
ATM system using SDH from conventional Time Division Multiplex systems.

210

\irtuaI NIt lderditr \irtuaI GnUt - . ..-

(Va)

(VA)

Virtual anm IdeIiifier

(Va)
\irtualGnDt
IdeIiifier

(Va)

GIl
~Priority

(em

Figure 61 • A TM Cell

ATM has a layered structure and its relationship to the B-ISDN structure is shown
in Figure 62.
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Figure 62 - ATM and B·ISDN Protocol Stacks

A central issue for any communications system which is used to carry m tering
data is one of efficiency. The ability of an ATM cell to carry the c mplete h ad r
of a higher layer data packet within one cell information field will enhance it
attraction for the transportation of metering and Value Added Service data. Th
ATM header carries sufficient information to route a cell containing metering data
across a network from different Local Data Collection point together with c lls
containing Value Added Services data on the same bearer. On the bearer the cell
stream is continuous. At an ATM switch the cell header would be u ed to addre s
a look-up table to determine where the metering or Value Added Service data is t
be routed. The contents of the look-up table could be pre- et by the National
Communications Network operator. Since ATM switching is carried out in
hardware very high throughputs of the order of lOs to 100s of Gigabytes could be
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achieved. This efficiency will reduce overall meter access time and minimise the
cost of using a National Communications Network.

6.5 Asynchronous Transfer Mode Utilising the Synchronous Digital
Hierarchy (SDH)
ATM is not a stand-alone transport communications service. It requires an
associated frame technology which can encapsulate its cells. The Synchronous
Digital Hierarchy can serve as the Transport Network for ATM [41,103]. At this
point all major carriers in the United Kingdom and Europe are planning to deploy,
if they have not already deployed, ATM networks as shown in Table 18 [9 I. \o2J.

The standards bodies originally defined SDH for the transmission medium of BISDN services, with ATM serving as the layer-2 protocol on the OSI stack, but
ATM has almost overtaken the use of B-ISDN and many of the carriers in Table
18 are already using ATM networks to handle different types of traffic. ATM
equipment prices are falling as more networks come on line, and given the
bandwidth available for those prices the service already compares favourably to
the telephone, X.25, Basic and Primary Rate ISDN figures provided in Tables 10,
11,15 and 16. Table 19 [91] details some typical ATM equipment costs. Tariffing
structures for ATM services are discussed in section 6.6.
Providers
Belgacom, Telnet Vlanderen, Wallon Titan
TeleDanmark
Telecom Finland
France Telecom
Deutsche Telecom, Vebacom, Cummunications
Network International
Telecom Italia
Telenor
Telenordia
Swiss Telecom
BT, Kingston Communications, Cambridge
Cablemedia, Ascom Timeplex, Bell
Cablemedia, Nynex, MFS Communications

Country
Belgium
Denmark
Finland
France
Germany
Italy
Norway
Sweden
Switzerland
United Kingdom

.

.

.

Table 18 - Development of ATM Networks m the Umted Kmgdom and
Europe
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Manufacturer

Switch Cost per User
Port or Total Cost
(1.5,2,6,34,44,140
Mbits/s) Normally
maximum of 15 ports per
switch
240 per port

Network Interface

Advanced
Up to 155 Mbits/s
Telecommunications
Modules Ltd
Virata Switch
716 per port
Up to 622 Mbits/s
Cisco Systems
11398
per
switch
Li2htstream 1010
24,000 to 60,000 per
Up to 622 Mbits/s
Nortel
switch depending on
Magellan orPassport
confi2uration
Switches
Up to 622 Mbits/s
20,000 to 50,000 per
Network Systems
switch
depending
on
Corporation
configuration
Enterprise Routing
Switch
.
Table 19 - Typical ATM Equipment Costs (in pounds)

By using the same format for all transmissions on a National Communications
Network, ATM can adapt to changing traffic load requirements such as when
customers are brought or taken of line. ATM should be seen by the RECs as a
possible means of allocating metering or Value Added Services bandwidth on an
"as and when required" basis thus enabling a more efficient use of transmission.

Since ATM is a new standard, which forms part of the Broadband ISDN strategy.
its architecture is similar to that of the OSI Seven Layer Model. The ATM
Adaption layer, shown in Figure 62, could be used to convert metering data into
the ATM format. In a Remote Meter Reading system, for example where Power
Line Carrier is used for the communication between a Customer and a Local Data
Collection Centre, it would be possible to convert metering data from an IEEE
802.3 format into an ATM format, and transmit the resultant data directly over an
SOH network to a main data collection point. This method of adaption could be

214

used in an Integrated Remote Metering Communication and Information Systems
to combine cells containing metering and cells containing other Value Added
Services data into one communications stream. An ATM Hub/switch could be
used at the Local Data Collection point, the Local REC/Second Tier Agent and
Primary Supplier to encode and decode metering data from its original format into
the ATM compatible format.

To perform this encoding decoding five(5) specific adaption choices are provided.
each applicable to a specific level of service. The most applicable of these choices.
to a remote metering system, is the ATM Adaption Layer 5, which is called the
Simple and Efficient Adaption Layer(SEAL). SEAL is used to provide a virtual
circuit across a network. All 48 bytes within the payload would be packed with
metering data thus maximising the efficiency of any data transmission.

The ATM Layer within a B-ISDN structured stack allows for communication
between nodes on an network. It is not designed to have access to any applications
as this is a function of the A TM Adaption layer. It is at the A TM Layer level that
the 53 byte A TM cells containing metering data could be switched, and forwarded
as necessary, across a National Communications Network, to the prime supplier.
Local REC/Second Tier Agent or the Pooling Settlement Administrator. Chapter 7
investigates in more detail the formatting and routing of A TM cell data for
Remote Meter Reading.

6.5.1 Quality of Service
Connecting to a National Communications Network using ATM puts the onus on
both the RECs and the Service Provider to come to an agreement regarding the
support of metering data bandwidth and traffic applications. A Virtual Circuit. or
circuits, on an ATM system could be set up as a metering data communication
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channel between two associated ATM hubs, or switches, one located in a Local
Collection Centre and the other in the prime supplier, Local REC/Second Tier
Agent and the Pooling Settlement Administrators locations. These Virtual Circuits
will be guaranteed by the National Communications Network provider as having a
specific Quality of Service, and a REC will be billed accordingly for this service.
The National Communication Network Operator will guarantee a Quality of
Service (QoS) that specifies cell transfer delay, cell loss characteristics, and a
traffic description that specifies the number of metering data cells that will be
transferred to the prime supplier, Local REC/Second Tier Agent and the Pooling
Settlement Administrator, and a specific data rate or speed. Should congestion
occur the ATM network will selectively drop cells, the number dropped is also
agreed under the QoS agreement, until the congestion clears. The REC must agree
in turn to submit no more than the amount of metering traffic, agreed with the
National Network Operator, for certain time periods. An ATM system however.
because its cell structure allows it to separate physical data from virtual data.
could also transmit cells containing Value Added Services, like digitised voice
telephony, from the Local Collection Points to different locations, in the same
bandwidth as metering data or instead of metering data because each cell is
individually addressed.

6.5.2 The Synchronous Digital Hierarchy (SDH)
In 1985 [41] the American company Bell drafted an optical interface standard for
synchronous networks, known as SONET. SONET was drafted with the intention
of overcoming the limitations of existing networks based on the Plesiochronolls
Digital Hierarchy (PDH). In conjunction with the work being carried out by Bell,
CCITT (now lTV) set up a study group which resulted in the release, in 1988, of
the Synchronous Digital Hierarchy (SDH) recommendations. SDH integrated the
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provisions of the European Carriers with those of the SONET standard in order to
facilitate interfacing between European and US transmission systems.

One of the main attractions of SDH, is that SDH has been specifically designed
with the data transmission requirements of users, network management,
administration and operation requirements, of the operators/national carriers in
mind. PDH on the other hand evolved purely as demands from users arose, and for
situations which the Plain Old Telephone System (POTS) could not handle. These
requirements mainly related to the transmission of ever increasing quantities of
data, and not voice traffic. The requirements for PDH, developed in such an adhoc
manner, leave a transmission system based on the PDH hierarchy with certain
disadvantages, namely:

a. There is no single standard for PDH. The basic multiplexing level in the
European system is based on a 30 channel 2.048 Mbitlsec rate whilst the
American standard is based on a 24 channel 1.544 Mbitlsec rate. This led to
difficulties in intemetworking.

b. There was no single standard for line equipment.

c. There were different line coding standards for each of the hierarchical levels in
the PDH system.

d. It was very difficult to directly recover a basic channel, once it had been
multiplexed into a higher order multiplex stream. This led to the "Multiplexer
mountain" problem, shown Figure 63, which resulted in both cost and
performance penalties.
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The Multiplexer mountain caused problems for operators/carriers in meeting their
rapidly expanding network. A new set of operational requirement were need d,
which could be summarised as follows:

a. Flexibility in routing so main trunks/routes could be rearranged if required.

b. Ability to measure service perfonnance.

c. Ability to locate and repair faults quickly.

d. The ability to quickly restore the network following major r ute

r

th r

failures.

e. Efficient use of blocks of data.

30 x 64 kbits/s
Circuits

4 x 2.048 Mbits/s
Circuits
-

4 x 8.448 Mbits/s_

Circuits

-

4 x 34 Mbits/s

Circuits

-

140 Mbit I

-

Figure 63 • The Plesiochronous Digital Hierarchy Multiplexer Mountain
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SOH has been designed to meet these operational and transmission requirements.
namely:

a. It has agreed world-wide standards up to data rates of 2.488 GB/s and heyond.

b. SOH provides automatic control of circuit provisioning.

c. Performance monitoring is provided.

d. SOH gives easier management of systems and circuit capacity.

e. SOH provides centralised access for testing.

f. SOH has optical interfaces into exchanges and other cross-connect points.

g. SOH could offer some control of circuits to the user as well as the provider.

SOH equipment utilised to provide a synchronous transport system normally
consists of the following main systems elements:

a. Add-Drop Multiplexers
These equipments have varying architectures dependant on whether the interface
is SOH or POH or both.

b. Synchronous Digital Cross Connect Exchanges(SDXCE)
SOXCEs are used to provide the SDH architecture with a flexible arrangement of
traffic routing. for the control and maximum utilisation of circuit capacity. and by
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the provision of alternative routing facilities circuit protection and impr v d
availability .

c. Systems Manaa:;ement
It is intended that SOH provides greater extcnsive administration, c ntTO] and

supervision. Some typical SOH component structures are detailed in Figur 64.

ADDlDrop
Aggregate

Mul~iplexer
,

Aggregate

Tributaries

Terminal
M ultip,l exer

Aggr 'gat

Tributaries

Digital X-Connect

Figure 64 • Typical SDH Structures
SDH would not have gained the wide acceptance it has, if its d vel pm nl had
immediately made all existing PDH infrastructures obsolete. The lTV r gululi n '
therefore made it possible for any existing PDH transmis ion rate t be packag d
into an STM-l frame. All POH rates between 1.5 Mbitls and 140 Mbitl
therefore be integrated into the STM-l frame in a number of ways.
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The combinations for STM-1 are detailed in ITU-T Recommendation 0709. The
SOH Transmissions Hierarchy is detailed in Figure 65
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Figure 6S • The Synchronous Digital Hierarchy

Figure 66 details the SOH Multiplexing process. In the SOH

y t m, dat

r

tributaries are mapped into a composite signal called a "container". The bit rat

the container is slightly higher than the tributary rate and include any justificati n
and equalisation. The way the mapping is done is similar in manner t 'bit tufTmg'
used in POH Multiplexers. Each container then has some control inti rmati

.0,

entitled the "Path Overhead" added to it. The Path Overhead(POH) all w th
network operator to obtain path to path monitoring of such parameters
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as Bit Error Rates (BER). The container and Path Overhead are said t form a
"Virtual Container".

l~~s G4~--------~~

~-~AU4

S1l\41

Figure 66 . The Synchronous Digital Hierarchy Multiplexing Pro

Although the concept of an SDH network is based on ynchr n

U

oper lion,

where all elements are controlled by an overall network cl cking y t m, th r can
be delays associated with the length and types of tran rnis i n link: us

. As a

result of these transmission delays the position of a Virtual C ntain r may n t
fixed within a STM-l frame. Therefore any SDH receiving equipment w uld hav
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trouble demultiplexing an incoming signal. To overcome this limitation therefore
a "pointer" is added to the frame structure, which is used to indicate the position
of a Virtual Container in relation to the STM-I frame. The pointer can be
incremented or decremented, dependant on the movement of the VC within the
frame. The pointer and the Virtual Container now form a Tributary Unit. ITU-T
G709 fully defines the different combinations of virtual containers that can he
used in the SDH system. In Europe there are four levels of multiplexing (Virtual
Containers) in an SDH system:

VCII

1.664 Mbitls***

VCI2

2.240 Mbitls***

VC2

6.848 Mbitls

VC3

48.960 Mbitls

VC4

150.336 Mbitls

*** These rates are treated as one VC level. Data rates include overheads.

The Tributary Units are then used to form a Transport User Group, and several
Transport User Groups could then be formed into an Administration Unit. Both
the Tributary unit and the Administration unit are Virtual containers but the
Tributary Unit is a frame internal unit. Once the largest size of Virtual Container
that is full, has been achieved, more control information bytes. known as the
Section Overhead (SOH), are added. The SOH remain with the STM-I payload
for the transmission network segment between two synchronous Multiplexers. The
purposes of the SOH are to
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provide the operations, administration and management functions, protection
switching, performance monitoring, and frame alignment.

When higher multiplexing rates than 155 Mbitls are required on an SDH network
these are achieved by a byte interleaving process to obtain STM-4 and STM-16
rates.

6.5.3 The ATMlSDH and Integrated Remote Metering Communication and
Information Systems Connection
SDH networks have the available bandwidth to provide 8-ISDN services hut lack
the fabric to switch these services. ATM fulfills the missing switching function.
The SDH standards have defined the mapping of ATM cells to the STM-I formal.
Low concentrations of metering data ATM cells traffic such as may be carried in
Integrated Remote Metering Communication and Information Systems could he
more efficiently multiplexed, groomed and transported as a G.703, 2.04R Mhits
tributary, as shown in Figure 67.

The El, 0.703/0.704, frame is 256 bits in length. The first byte of the frame, time
slot 0, is allocated to overhead administration functions. Timeslot sixteen is
reserved for signalling, when required, leaving timeslots 1-15 and 17-31 availahle
for the transmission of cell based metering or Value Added Services payloads.
Sixteen such 256 bit frames are then combined to form a multi-frame. Functions
such as frame alignment, data link, cyclic redundancy check are distrihuted across
the frame. Alternate frames could be used for different purposes, such as the
transmission of Value Added Services. ATM cells are mapped directly onto the
E I frame as shown in Figure 67 using the ATM Transmission Conversion
algorithm. Mapping at the high order tributaries, 8.448Mhits/s, 34.36X Mhits/s,
and 139.264 Mbits/s follows the same process, as shown in Figure (,7.
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Figure 67 • Direct Mapping of ATM Cells Containing Metering Data onto
PDH G.703, 2.048 Mbits/s Frame

The ATM cells can also be directly mapped onto SDH frame as h wn in igur
68. The functionality of such an SDH frame in a Remote M t r Re ding sy t m
tart f

OH

pr vid th

ata

could include the use of the normal Al and A2 bytes to delimit th
metering data frame. The 04 to D6 bytes could be u ed t

Control Channel detailed in section 2.3.1. The 04-D6 byte w uld interfac t th
three channels in the proposed amended Mains Signalling band of EN- 500 5-1
shown in Figure 35. This would give a transparent Network Managem nt

bann 1

through the network from the Primary Supplier to the Metering Interface Unit and
Meter. The E2 byte could also provide an Engineering Order Wire yt m r th r
Value Added Service channel for voice or data. The prop ed Low V Itag
Signalling channel that performs this function is also shown in Figure 35.
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The functions of the other SDH overhead bytes are not required in the prop

d

design and application of the Power Line Carrier and Remote Meter Reading us d
in an Integrated Services and Broadband Integrated Services Digital N tw rk

which is explained in section 7.10 but these function
completeness.

a. Bl, B2 Bit Interleaved Parity for bit error monitoring
b. Cl STM Identifier.
c. DI-D12 Data Communication Channels.
d. E2 Orderwire Channel
e. Fl User Channel.
f. Kl, K2 Automatic Switching (as detailed in 0.783)
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arc

xplained li r

g. The bytes marked NA are intended for future national international and media
specific uses.

The SDH overhead is split into two, as shown in Figure 68, a Regenerator Section
Overhead (RSOH) and a Multiplexer Section Overheard (MSOH). There is a
potential that the RSOH could be used to carry information, to and from tht:
repeaters on a Low Voltage Distribution Network, configuration data to mains
filters or other communications equipment. The Path Overhead (POH) contains
information pertaining to the container, shown in Figure 66, and the hytes have the
following functions:

a. J 1 - Path Trace
b. B3 - BIP 8 on VC-4
c. C2 - Equipped or not Equipped
d. G 1 - Path Status.
e. F2 - User Channel
f. H4 - Multiframe Indicator.

These overhead parts are used to carry management information and other
protocols that help the SDH network route around failures and enhance fault
tolerance. They are used for many functions including error monitoring. Each
function is identified by a particular bytes location in the frame overhead. Many of
these functions

would not be used

in

an

Integrated

Remote

Metering

Communication and Information Systems but alternatively they could he used to
provide Value Added Services in conjunction with unused ATM metering cells.
The Data Communication Channels are particularly important hecause in
conjunction with the Mains Signalling band of EN- 50065-1, shown in Figure 3),
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they provide a method to access every Network Element as proposed in sections
2.3 and 2.3.1. Mapping of remote metering data shall be explained in more detail
in section 7.10.

6.6 Tariffing Structures for an ATM/SDH Metering Data Transport
Network
In section 6.5.1 the Quality of Service (QoS) for an ATM network was descrihed.
The Quality of Service (QoS) is the main differcntiator bctween the hilling of
ATM and other data services such as X.25 or leased Iinc. The provision of an
economic Remote Meter Rcading system is one of the reasons the Regional
Electricity Companies may have to consider the provision of Value Adtbl
'Services such as telephony and security monitoring. ATM not only oIlers the
technical prospect of providing these Value Added Services, as shown in section
6.5.3, but offers an inherent method for billing users for them. ATM is designed to
offer a flexible tariffing structure for communications data services and as such
the A TM forum has defined four service categories.

• Constant Bit Rate (CBR)
• Variable Bit Rate (VBR)
• Available Bit Rate (ABR)
• Unspecified Bit Rate (UBR)

In section 6.2 the use of ATM, with an SDH network, was suggested as providing
the RECs with an efficient and cost effect transport network based on the fact that
the use of private ATM networks shall not depend on carrier tariff rates or hy
restrictions in Quality of Service. The Constant Bit Rate (CBR) ATM SL'rvicl'
could support voice, video and metering data connections where the traffic IS
characterised by a constant cell arrival rate. This service however hecause it
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normally coincides with a known optimum transmission rate and guaranteed QoS
commands a premium charge rate and may only be considered by the RECs in
conjunction with the provision of Value Added Services.

The Variable Bit Rate (VBR) service could be ideal for the transmission

or purely

metering data as it is normally applied to traffic that has known or predictahle
'bursty' traffic rates. This was one of the intentions of only reading meters at
certain specific times, as suggested in section 1.2. Variable Bit Rate metering data
traffic could be characterised by the 'OnIOff' nature of the VBR service where
during the proposed meter reading times, the 'On' period, cell transmission is
based on a peak rate, whereas during no meter reading times, the 'Off' period, no
metering data is transmitted. The VBR is further subdivided into two suh
categories which are based on the delay requirements of the specific applications.
These sub categories are the Real Time VBR and Non Real Time VBR.

Available Bit Rate (services) could also support a Remote Meter Reading System
using a Power Line Carrier LAN based on the Low Voltage Distrihution network.
ABR is expected to support LAN interconnection with predictahle traffic
characteristics. ABR is defined for applications which could reduce their traffic
rate if the network requires them to do so, or where the information transfer ratc
can increase if there is extra bandwidth available, within the network. to allow
them to do so.

Unspecified Bit Rate (UBR) could also be used to support a Remote Meter
Reading System using a Power Line Carrier LAN based on the Low Voltage
Distribution network. UBR connections share the availahle network bandwidth
which is available at any instant. Metering data cells would be transmitted into the
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network by Metering Interface Units as they are generated on the Power Line
LAN. However without the use of a flow control protocol, as proposed in section
2.6, the network has no means of indicating whether sufficent bandwidth is
available. UBR traffic is given the lowest priority of any other service on an ATM
network and does not have a guaranteed Quality of Service.

6.7 Conclusions
This chapter shows that the new technology and services introduced as a direct
result of the deregulation of the United Kingdom telecommunications serviccs.
and in particular the use of Asynchronous Transfer Mode (ATM), in conjunction
with the Broadband capabilities of the Synchronous Digital Hierarchy Transport
Networks of the new licensed Public Telephone and Private Network Operators, is
a significant factor for recommending its use for networking across the potentially
wide areas of a communications network which could be involved in the
transmission of Remote Metering Reading data. With the integration of metering
data with voice, or other Value Added Services that may he needed to make a
Remote Meter Reading network economically viable, ATM has both the tcchnical
capability and tariffing structure, as shown in sections 6.5 and 6.6, to provide this
integration. Chapter 7 will show how, although Power Line Carrier and
Asynchronous Transfer Mode (ATM) in conjunction with the Broadhand
capabilities of the Synchronous Digital Hierarchy Transport Networks are two
diverse communications technologies, they can be comhined to provide an
Integrated Remote Metering Communication and Informations System with a
suitable Network Management infrastructure.
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Chapter 7 - A Generic Communication and Network
Management System
7. 1 Introduction
Chapters 1,4,5 and 6 have discussed the communications networks and technology
associated with Remote Meter Reading. In considering the case for a remote meter
reading system using Power Line Carrier and Broadband ISDN, this chapter
investigates the practicalities of implementing and operating such a system and
proposes more detailed solutions to some of the possible problems likely to he
encountered in that implementation.

It has already been proposed, in section 6.1, to implement a Remote Meter
Reading system using a Frequency Hopping Power Line Carrier system and the
A TM/SDH network of a National Network Operator for the Customer Access and

Transport Network communication elements respectively. A typical domestic
electrical installation, to be used for the Power Line Carrier element. is detai led in
Figure 69. The main Low Voltage Distribution network could also be as descrihed
in Figures 70 and 71.

7.2 Remote Metering System Customer Access
Delivery of an effective Remote Meter Reading system may signify. in some
instances not only the capability for providing this service using Power l.ine
Carrier but may also suggest an access method whereby it is more economic for
different services, for example the gas, electricity, water and telephone companies.
to share the access network in order to maximise use, against possihk cost
effectiveness benefits, to the customer and themselves.
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7.3 Power Line Carrier Repeaters
The level of attenuation present on power lines, as shown in Section 3.3, can cau
a communication problem in the Low Voltage Distribution Network. Power Lin
Carrier Repeaters could overcome this problem by amplifying the Low Voltag
Signal when required. It is possible by coupling a Power Line Carrier Rep atcr t
the Low Voltage Distribution Network, as will be shown in section 7.4, t

xtract

a Power Line Carrier Signal, filter and amplify it where neces ary, and then r inject it back into the Low Voltage Distribution Network for onward tran mi si n.
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The implementation of a Power Line Carrier Repeater is detailed in Figure 72. Th
use of repeaters on Power Line Carrier systems should not be on an adh c ba i ,
and needs careful planning. The number of repeaters on the L w V It g
Distribution Network, as will be discussed in section 7.10.1, can d lay th
propagation of a Low Voltage Signal through the network and afIi ct cfiici n y.
The areas where a Power Line Carrier Repeater should be deployed on th Low
Voltage Distribution Network can be discovered by the prop

cd link planning

method recommended in Annex B.
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Figure 72 • The Power Line Carrier Repeater

7.4 Coupling Methods
Three methods have been devised for coupling communication equipm nt
Low Voltage Distribution Network.
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10

th

• Current Coupling
• Ground Coupling
• Inductive Coupling

The three methods of coupling used are shown in Figure 73. In current coupling
an existing network current transformer is modified so it is possihlc for a
transmitting and receiving device to inject and receive signals from the Power
Line. These devices can be very inefficient due to the variance in network
impedance, as detailed in section 3.4, and are not often used. In the other two
methods, ground and inductive coupling, the transmit signal is injected hetween
one phase and earth or between two phases.

Although both ground and inductive coupling methods are efficient [67, 87 and
89], inductive coupling is normally preferred [67, 89, and 136] since the insertion
of capacitors on only one phase of the line, in ground coupling, can cause circuit
imbalance and possible failure of any protection devices. Inductive coupling is the
recommended method of injecting and receiving signals to and from the Low
Voltage Distribution Network, but in order to provide flexibility a Power Line
Carrier Communication device should also be able to couple to the other phases.
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7.5 Frequency Requirements of a Power Line Carrier System
The typical electrical distribution system of Figure 70 has a transformer which
would normally feed 50 to 60 buildings per phase with the most distant building
being 200 to 300 metres from the transformer. A Low Voltage Distribution
Network can be expected to pass signals in the 4 kHz to 250 kHz band, as shown
in section 3.3. Figures 25 and 26, of section 3.3, however show that attenuation on
the Low Voltage Distribution Network, is also frequency related, with levels from
5 to 40 dB, depending on the actual frequency, and that the Loaded Line
Impedance of the network can vary from 0 to 20 ohms, as detailed in section 3.4.

A Frequency Hopping Power Line Carrier system uses a mobile frequency criteria.
as shown in section 3.19, and attenuation at one frequency will not affect the final
operation of the system. Signal levels that could be used on a Frequency Hopping
Power Line carrier system, although less influenced than conventional single
frequency systems, are still determined to a great degree by the Loaded Line
Impedance of the Low Voltage Distribution Network at the interface point.
Research [11, 12 and 57] has been carried out on this subject for the various
combinations, phase-neutral, neutral-earth, and phase-earth and this impedance
also varies for these combinations. However, whilst in many systems live, earth
and neutral are presented to the customer, in other systems, particularly in
developing countries, the lack of an earth as a signalling medium external to the
building means the phase neutral combination should be used. For flexibility it is
recommended that the Power Line Carrier equipment should be able to interface
to all three combinations, phase-neutral, neutral-earth, and phase-earth.

7.6 Frequency Hopping Power Line Carrier Channel Allocations
Although the main frequency range of Power Line Carrier operations, 3 to 148.5
kHz, is also classed as Low Frequency (LF) and is used by some radio systems. 3
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to 300 kHz, it is not used extensively, mainly because of equipment costs and
antenna sizes, and the chance of interference to external Power Line Carrier users
in the same frequency band is minimal. For a Frequency Hopping Power Line
Carrier system any interference to external users would be minimal dependent on
the Dwell Time and the mean rate of occurrence of the particular frequencies in
the system. Detailed proposals for a Frequency Hopping Power Line Carrier
Channel plan are shown in Section 3.19.1.

7.7 Low Voltage Decoupling Filters
In order to avoid unwanted interference among mains communication equipmcnt
transmitting on Low Voltage Distribution Networks, a suitable filtering device,
called a 'decoupling filter', must be installed either on the public supply network
or within installations in consumers premises.

The conventional method of filtering on the public supply network, at the highcr
and medium voltage levels, to decouple unwanted frequencies, reduce mutual
interference and HVDC converter noise [69], uses inductive components or "line
traps", as required by BS 4996 (IEC 353). The line traps used have tended to he
large and expensive because, in addition to filtering any unwanted frequency. they
have to be capable of passing the 50/60 Hz power current. The capacitive
components used also tend to be large, due to the high voltages present.
CENELEC SC 105A - WG4 is in the process of producing a standard which deals
with Low Voltage Decoupling Filters, as part of prEN 50065, Signalling on Low
Voltage Electrical Installations in the Frequency Range 3 kHz to 148.5 kHz.

The standard in question, prEN 50065-4, applies to decoupling filters operating in
the range 3kHz to 148.5kHz but does not apply to general purpose filters for
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Electromagnetic Interference suppression. The decoupling filter specified by prEN
50065-4 can be used in a stand alone configuration or incorporated in more
complex devices where other optional coupling components are also used. The
decoupling filter may be used to perform some or all of the following functions on
the Low Voltage Distribution Network:

• To delimit the transmission area of wanted signals to the area in which the mains
communication system operates.

• To reduce unwanted signals coming from the other side of the mains port.

• To allow simultaneous communication on both sides of the filter.

• To set a suitable impedance to the mains power ports.

• To provide a return path for the signal when needed (ie common mode
propagation).

The use of decoupling filters is considered optional by prEN 50065-4 which also
speCifies the impedance and transfer function definitions, requirements and test
methods, and additional requirements, for example Voltage Drop, Leakage
Current, and Form Factor. The impedance and transfer function are referred to the
mains power ports of the decoupling filter.

For succesful operation on Low Voltage Networks a decoupling filter shall need to
be able to operate over a selected range of voltages and currents. In the United
Kingdom this means a voltage range from 230V to 400V and a current range of 6,
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10, 16,20,25,32,40,5063,80, 100 and 125A. Section 3.4, stated the problem in
accurately calculating the Loaded Line Impedance of a Low Voltage Network.
prEN 50065-4, paragraph 5.2.1 (a) deals with this problem by specifying that on
the Consumer Side, for the frequencies 95kHz to 148.5kHz, and for the signal
levels specified in EN 50065-1 the decoupling filter shall have a modulus
impedance greater than

Ion.

At the Utility Side of the decoupling filter, for a

frequency range of 3kHz to 95kHz, the same impedance value of

IOn. shall apply.

Exception is made to these values of impedance in prEN 50065-4 in the case
where the decoupling filter is used to create a return path for a signal. In this case
the impedance may be lower when measured at the_ side of the coupling filter
where the return path or phase coupling is required. In order to provide a constant
method of measurement for the impedance at the individual frequencies that are
possible in the ranges 3kHz to 95kHz and 95kHz to 148.5kHz the impedance
curves used must not show resonance phenomena with a Q factor higher than 6
with the opposite side mains ports opened or short circuited.

One of the main problems in defining the prEN 50065-4 standard was how to
specify the transfer function of the decoupling filter with respect to the different
load values of the impedance that can be found in a Low Voltage Distribution
network. The approach to resolving this problem, since no satisfactory calculation
method is available as yet, was to carry out a limited programme of network
impedance tests in several European countries. The results of the tests, shown in
section 3.4, led to the requirement that the transfer function of the decoupling
filter has to be characterised in respect to two different load values, 5.Q and 50U
respectively. For the signal levels specified in EN 50065-1 the decoupling filter is
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already stated as having a modulus impedance greater than Ion but 5n is chosen
as being the mean value of the network impedance in the considered frequency
range.

The voltage drop across any decoupling filter in the Low Voltage Distribution
Network should not exceed 1Vrms when measured at the rated current and
frequency although it is acknowledged that any decoupling filter may alter the
form factor of a voltage waveform.

prEN 50065-4 is still in draft form and further work being carried out by SC205A
- WG4 concerns initial plans to produce a product standard for decoupling filters
in three parts. The three parts proposed are:

• Incoming Filter
• Impedance Filter
• Segmentation Filter

The practical implementation of decoupling filters is still an open subject at the
moment. In general either an approach using passive, purely inductive, capacitive
or resistive components, or an active decoupling filter approach, using operational
amplifiers for example, or a combination of these two approaches could be used.

7.8 Synchronisation and Security
7.S.1 Security
In a Power Line Carrier Communication and Remote Meter Reading sytem for use

in Integrated Services and Broadband Integrated Services Network employing an
A TM/SDH network, the security of communications within the ATM/SDH
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transport network are provided by an ATM 'firewall'. The ATM 'firewall' can
authenticate metering data cells from other cells. Traditional firewall methods have
tended to filter out packets with for example the incorrect header. The ATM
'firewall' takes this security process a stage further and in addition to checking
header information provides full bandwidth filtering at the ATM metering data cell
level. Full bandwidth filtering of metering data cells allows the Network
Management System or Network Operator to inspect every cell if necessary. Any
cell that is not included on a list of VPIs or VCIs is 'captured and discarded' whilst
metering data cells are allowed to pass through the 'firewall'. The concept of the
ATM 'flrewall' is shown in Figure 74.

This level of cell surveillance is provided in ATM networks and would be

necessary on a Remote Metering Network to prevent 'hackers' entering the
network in order to access metering or management data.
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Figure 74: - The ATM Security Firewall
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Although Frequency Hopping Power Line Carrier provides a level of inherent
security in the Customer Access element of the system it is possible that given the
ready availability of low price electronics for a 'hacker'to deliberately seek out the
hopping sequence and interfere or change this in some manner to corrupt the
metering data. Further security could be provided by the use of "Time of Day" and
"Word of Day" as suggested in section 3. 19. The Word of Day is a special
programmed security feature which is sent to every Frequency Hopping Power
Line Carrier Receiver in a Customer's premises. On receipt of this "Word" the
Customer Premises equipment is made aware that some authorised change is about
to take place in its mode of operation. If the "Word of day" is followed by another
coded sequence, "Time of Day" the Customers Premises equipment realises it is to
change the sequence of frequency hopping to another pre-programmed sequence
Using this method, in cases of deliberate or non deliberate interference, the REC
concerned can alter the frequency hopping sequence when ever it chooses thus
increasing the level of security available

7.8.2 Synchronisation
It is generally undesirable for there to be any special preamble in the modulation or
hopping pattern of a Frequency Hopping Power Line Carrier signal, otherwise
system security could be compromised. It is necessary to devise a method or
methods for the acquisition of the synchronisation by the Frequency Hopping
Power Line Carrier receiver. One possible technique would be for the Frequency
Hopping Power Line Carrier receiver to anticipate the transmitted hopping pattern
and have as its key one frequency of that hop pattern which it is expecting to
receive The Frequency Hopping Power Line Carrier receiver is in effect pre-set to
a future point in the pseudo-random frequency sequence. When the receiver
detects this particular key signal it starts to hop in conjunction with the transmitter
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and continues the sequence from this pre-set point. Obviously the metering data in
this received signal coincides with that in the transmitter, both being now at the
same point in the hopping sequence, and the receiver continues to detect a signal
each corresponding hop period. The system has some drawbacks however. The
signal detected on the waiting frequency may have been deliberately introduced by
someone to interfere with the metering data, as suggested in section 7.8. 1, or the
transmitter could have used this frequency at some other point in the random
sequence thus starting the receiver at a false point and leading to the receipt of
corrupt metering data.

To improve the acquisition performance of the receiver it is possible to have a
system whereby the receiver anticipates the transmitted sequence but instead of
relying on the detection of a single frequency, the receiver hops slowly through the
sequence until a known signal is detected, at this point the receiver hops at the
regular hopping rate. After a predetermined number of hops where receiver and
transmitter are compatible the probability that the receiver and transmitter are
synchronised is "high" and the receiver starts to decode the metering data. If the
correlation between incoming signals at the receiver does not hold then the
probability is that the incoming data was spurious and the receiver resorts to slow
hopping until synchronisation is achieved. This feature has obvious inbuilt security
since to cause any deliberate interference with the metering data the perpetrator
would have to know exactly the receiving synchronisation sequence to be used.
Synchronisation of the other communications elements of the system, the routers,
ATM Hubs, and the SDH elements can be done directly or indirectly from the
Public Telephone or Private Network Operators Primary Reference Clock as
shown in Figure 75.
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Figure 75· Synchronisation in a Power Line Carrier and Broadband
Integrated Services Digital Network Used For Remote Meter Reading
In the direct method each individual Remote Meter Reading Network Element
would receive a synchronisation signal from the Public Telephone or Private
Network Operators Primary Reference Clock Synchronisation Supply Unit. The
Primary Reference Clock in SDH networks is governed by ITU regulation 0.811
and has a long term stability of 1.10

-ll.

The theoretical long term mean rate of

occurence of controlled metering frame slips, as detailed in ITU 0.811, is not
greater than one in 70 days with this synchronisation system. The Synchronisation
Supply Unit is governed by ITU regulation 0.812 and can have two standards,
Stratum 2, which corresponds to a frequency drift of no more than 1.10-9 per day,
or Stratum 3, which corresponds to a frequency drift of no more than 2.10-8 per
day. The direct method of synchronisation shown in Figure 75 would not be
recommended for a Power Line Carrier and Broadband Integrated Services Digital

246

Network used for Remote Meter Reading as the cost of providing the individual
synchronisation links could be prohibitively expensive.

The second method, Indirect Synchronisation, is the one proposed for a Power
Line Carrier and Broadband Integrated Services Digital Network used for Remote
Meter Reading. In the indirect method at least two of the SDH Network Elements
synchronise directly to the SSU, usually with a Primary and a Standby connection.
The rest of the Network Elements then synchronise to the data stream produced by
these elements as shown in Figure 75. The indirect method of synchronisation
would be applied to the SOH, A TM Hub, Local Data Collection Power Line
Carrier TransmitterlReceiver, and the router elements. The Customer Premises
equipment would be synchronised as previously described.

7.9 Customer's Premises Equipment on a Frequency Hopping Power
Line Carrier Customer Access Network
The more detailed discussion of the practical implementation of Remote Meter
Reading communications, for example security, suggest an amended systems
configuration to the proposed Customer Premises equipment of a Frequency
Hopping Power Line Carrier network. This configuration is shown in Figure 76.

247

Power
Line

Received Metering Data

Mixer

Hybrid!
Filtering and
c---Coupling Cd
Splitter

I-

RF
Amplifier

I
230 V

r--

I I

I

~ ;

Synthesiser -

J--

Decision
Logic

Filter
./.;.;

Transmitter

Oock

~

-

..

I

I

IF Amp

Sequence
Generator

J

Filter and
Amplifier

I
Word/fime
of Day

Transmitted Metering Data

Filter

I
r---

Hybrid!
Splitter
Metering
Interface

f--

Demodulator

Meters

Figure 76 - Modified Frequency Hopping PLC Customer Premises
Equipment

For safety reasons an isolation circuit is required when equipment is coupled to a
Power Line. Isolation should allow the transfer of Remote Metering data from, for
example, a Customer Premises equipment to the Power Line without direct
electrical connection. It is proposed to combine inductive coupling with optical
coupling to provide a safe and efficient means of connecting to Power Line. Fuses
and safety resistors would also be used. Inductive coupling could be used as the
solitary isolation method with the relevant fusing and safety resistors, and will
allow the transfer of mains signalling through the mutual inductance of the
windings.

Although transformers can match various circuit impedance's there are potential
problems:
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• They could be large and have a limited frequency response .

• Transformers can also allow noise coupling between windings if an inter-winding
shield is not used.

By combining Inductive coupling with Optical coupling some of these problems
can be overcome. Optical coupling is very effective at eliminating common mode
noise, caused by ground loops or ground current noise, since it completely breaks
the metallic path of two grounds. Opto isolation devices are available that can
handle large differences in ground voltages, 3 kV being typical. Although best
suited to digital circuits, optically coupled analogue systems can be used. An
example configuration is detailed in Figure 77 with a proposed safety configuration
in Figure 78.
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7.10 Systems Architecture of a Practical Remote Meter Reading System
Using Power Line Carrier and Broadband ISDN
Figure 79 details the potential Systems Architecture of a Remote Meter Reading
system using Power Line Carrier for the Customer Access Network and
Broadband ISDN for the Transport Network.

At the Customers Premises, the Metering devices are connected directly, or
through a Metering Interface Unit (MIU), to the Frequency Hopping Power Line
Carrier equipment. The software for these Network Elements shall either be
downloaded from the network management system, or already installed in the MIU
or the meters. The Customers Premises Frequency Hopping Power Line Carrier
equipment is connected to a Local Data Collection Centre via the Low Voltage
Distribution Network. If attenuation levels are as detailed in section 3.3, for
example because of intermediate transformers between the Customers
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Premises and the Local Data Collection, then these transformers shall be bypassed
by Frequency Hopping Power Line Carrier Repeaters, as discussed in section 7.3.

At the Local Data Collection Centre a Frequency Hopping Power Line Carrier
demodulation system shall decode the incoming metering data and pass it to a
bridge/router via an IEEE S02.3 LAN interface. The Bridge/Router is connected to
an ATM hub/switch via an High Speed Serial Interface or V.35 interface. From
the ATM hub the ATM/SDH Network interface is an ITU 34 Mbits/s, G703, 75
ohms connection. If the SOH node is not co located with the A TM hub, then
connection could be by Optical Line Terminating via optical fibre, or Broadband
microwave radio equipment. Once metering traffic is transmitted into the SOH
network it can be routed to the main collection centres of the Local REC/Second
Tier Agent and the Primary Supplier using the method detailed in section 6.5.3.
Data could also be routed to the NGC or Pooling Settlement Administrator if
required. The network data rates would depend on both the Frequency Hopping
Power Line Carrier system used on the Low Voltage Distribution Network and the
Public Telephone or Private Network Operator's configuration. These rates, as
shown in Figure 65 of section 6.5.2, could range from 155 Mbits/s to 2.4SlS
Gbits/s. Alternative routing facilities could be provided at a number of points in
the system architecture to provide inherent flexibility in the system.

At the Customers Premises the meters and/or the MIU shall have standard
interfaces, such as RS232C, to connect to alternative communications systems if a
Power Line Carrier system is not available. An alternative communications access
system could be provided by telephone line, or radio (including wireless in the
local loop, cellular radio, or VHF/UHF) if Value Added Services were required.
An option for alternative routing could also be implemented at the Local Data
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Collection centre, if the ATM hub/switch was not co-located with the SDH node,
and the alternative communications links could be provided by leased digital
circuits or Broadband microwave radio.

Metering Data Collection devices, possibly computer servers or other storage
devices, should be provided at the Local Data Collection centre as back-up
facilities, with a reduced data storage capability, to be used in the case of
catastrophic failure of the communication links to the Local REC/Second Tier
Agent and the Primary Supplier. Meter reading would normally be initiated
automatically from the Primary Supplier by requesting data from each meter at
specific timed intervals. The meters would also be polled at specific intervals to
ascertain they were still operational. In a situation where the meter was at risk the
meter would inform the Main Collection centre by setting a Flag in its Data Word,
as proposed in section 2. 10.

For tariff increases/decreases the Primary Supplier could instigate this universally
through a broadcast command or singly through individual addressing. In addition
to modulating and demodulating the metering data the Frequency Hopping Power
Line Carrier system located in the Local Data Collection Centre would continually
monitor the Low Voltage Distribution Network for the optimum frequencies to be
used in its hopset. This would be done by Real Time Channel evaluation by
sending a Low Voltage signal at different frequencies, and at pre-set timing
intervals, to the Customer Premises Frequency Hopping Power Line Carrier
system. On successful receipt of such a signal the relevant Low Voltage signalling
frequency could be stored and included in a later 'hopset'. The same Real Time
Channel evaluation method could also be used to ensure the Low Voltage
Distribution Network was still functioning. As long as the Low Voltage signal
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being sent from Local Data Collection Centre, is being received successfully, at
the Customer Premises, at a specific signal level, and signal to noise ratio +
distortion (SINAD), the Low Voltage Distribution Network can be considered
operable. Expected signal levels and SINAD could be stored in the memory of the
Customer Premises Frequency Hopping Power Line Carrier receivers and used for
comparison purposes.
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Figure 80 shows the architecture of the ATM switch in a Remote Meter Reading
System Using Frequency Hopping Power Line Carrier Access Network and
ATMlSDH Transport Network of Figure 79, and suggests how the Value Added

Services, detailed in section 6.2, could be integrated with the Power Line Carrier
Customer Access Network to Wide Area Transport Network Interface of a
Remote Meter Reading system:
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Figure 80 - Integrated Remote Metering Communication and Information
Systems Infrastructure Providing Other Value Added Services

The first step in the processing of metering data in the networks of Figure 79 and
80 is shown in Figure 81 and includes the IEEE 802.3 framing functions detailed in
Section 2.8.
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Figure 81 - Metering Data Frame Processing on the Low Voltage Distribution
Network
Figure 82 details how the metering data from the Low Voltage Distribution
Network is further routed by using the ATM cell header facility to forward both
independent and composite data frames to the required destinations of the Local
REC, Primary Supplier, and NGC.
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Figure 82 - Mapping of Raw Metering Data Onto ATM Cells

The ATM segmentation layer breaks up and reassembles the packetised metering
data from the Low Voltage Distribution network into metering data cell payloads.
The ATM convergence layer maps the ATM cells into a physical framing format
suitable for transmission onto the Service Distribution Network of the PTO. The
ATM convergence layer is responsible for identifying the beginning of the metering
data cell payloads. The ATM convergence layer ensures that the cell transmission
rate is compatible to both the SDN and Low Voltage Distribution Networks by
inserting and removing idle cells to pad the transmission rate to the bit rate being
used. Figure 83 shows how the ATM cells containing the metering data are
processed into the SDH frame for transmission across the SDN.
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Figure 83 - Processing the Metering Data from the ATM Hu b into the SDH frame

Figures 79 to 83 in conjunction with Figures 66, 67 and 68 show the complete
mapping process of metering data from the Metering Interface Unit to National
Communications network.

7.10.1 Data Throughput of a Remote Meter Reading System Using a
Frequency Hopping Power Line Carrier and a Broadband ATM/SDH
Network.
In section 3.26 the maximum binary data rate of a band-limited, 2.4kHz, noiseless
Power Line Communications Channel was suggested as 4800 bits/so For the same
channel it was also suggested that with a signal to noise ratio of 15 dB, no matter
what multi-level signalling system or sampling rate was used, the maximum data
rate would be 24 kBits/s. It is beneficial to reconsider these suggestions in
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conjunction with the design and application of the proposed Architecture of a
Remote Meter Reading System Using Frequency Hopping Power Line Carrier
Access Network and an ATM/SDH Transport Network, detailed in Figure 79, but
this time in terms of the systems throughput of metering data. Systems throughput
is important because it can be used to calculate the efficiency of the Remote Meter
Reading Network of Figure 79.

The difference between the 'systems throughput' and the theoretical maximum
data rates suggested in section 3.30 has the following relationship to the
architecture of Figure 79. The Network Management system controls the flow of
data by requesting metering data at given individual times for each customer. This
is shown in Figure 79 where the Domestic, Light Industrial and Heavy Industrial
Customers transmit data in time intervals t I, t2 and t3 respectively. As detailed in
Section 2.3 there could be collisions between these customers individual metering
data frames resulting in the colliding metering data frames being destroyed. Due to
the possibility of collisions the Metering Interface Unit will verify whether its data
frame has been successfully received by the Local Data Collection Centre by
listening to the traffic on the Low Voltage Distribution Network. If the frame was
destroyed the Metering Interface Unit shall wait for a requisite time interval and
then retransmit the metering data. The maximum data rate is not the optimum
parameter in this instance. Systems throughput which takes into account
retransmissions of metering data frames is of more relevance than a 'pure'
transmission rate.

The systems throughput of the architecture in Figure 79 is determined by the Low
Voltage

Distribution

Network

Communication

channel.

The

problem

of

evaluating this throughput, on Low Voltage Distribution Network Local Area
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Networks, occurs because of the possible signal propagation delays, as detailed in
Section 3.5, that could be present. Delay distortion on the Low Voltage
Distribution Network could cause the first bits of a new metering data frame to
overlap with the last bits of the previous metering data frame, in which case both
frames shall be destroyed and need to be retransmitted. The throughput of the
ATM/SDH network is governed by the ATM Hub to SDH channel connection,
and as this channel is 'fixed'with data transmitted at rates of 34 and 155 Mbits/s,
as shown in Section 6.4, the throughput of the ATM/SDH network can be omitted
from any calculations.

A metering data frame shall not suffer a collision if no other metering data frames
are sent within one (I) frame interval of its start time as shown in Figure 79. If
is the time required to transmit one metering data frame, and

t

0

t1

is transmission

commencment time, then if any other Metering Interface Unit generates a data
frame within the time frame

to + t 1 a collision

take place as shown in Figure 84.
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Figure 84 - Collision Period for Metering Data Frames

The probability that k metering data frames shall be generated during a given frame
time is given by the Poisson distribution [43]:

(55)

where:

G

= mean number of frames per frame time

k = transmission attempts per frame time
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In the interval of

t0 +t

1

+t

2,

two frame times, the mean number of metering

data frames generated is 20. The probability of no other metering data traffic
being active during the Collision Area Problem Time shown in Figure 84 is:

PO=

Ge

-2G

(56)

If it is assumed that the number of Metering Interface Units on the Low Voltage
Distribution Network of Figure 79 is two (2) initially, with each Metering
Interface Unit generating an average of M frames per frame time, and where M >
I, then without a method for controlling data flow even only two Metering

Interface Units shall generate data frames at a rate higher than the Low Voltage
Distribution Network Communication channel can handle.

Each of the Metering Interface Units can also be expected to generate new frames
if a collision caused by delays is detected. If M was the initial average of
transmitted frames per frame time, and R the initial average of retransmitted
frames, per frame time, then OR from equations 55 and 56 must now equal M + R,
where OR is the new mean number of original transmitted, and retransmitted
metering data frames. OR must be greater than M for all conditions where M

IS

given by the equation:

M=OPo

where: Po

IS

(57)

the probability that the metering data frame does not suffer a

collision.
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Where each of the two Metering Interface Units is transmitting only a few
metering data frames, then the risk of retransmission shall be smaller, and OR and
M shall be almost equal. At high loads where each of two Metering Interface
Units is transmitting many metering data frames there could be many collisions
and OR» M.

The throughput of a Low Voltage Distribution Network Communication LAN
channel with an initial mean transmission rate of M frames per frame time, and R
retransmitted frames, is the offered load, OR

= G (M+R), times the probability of

successful transmission of metering data. The offered load OR determines the
maximum number of Metering Interface Units that could be implemented on a
Low Voltage Distribution Network Communication LAN, without affecting the
throughput.

In section 2.6 it was proposed to use the IEEE 802.3 Carrier Sense Multiple
Access/Collision Detection) -persistence protocol for a Low Voltage Distribution
Network LAN, such as shown in Figure 79. The efficiency of this protocol affects
the systems throughput, and ultimately the maximum number of Metering
Interface Units that can be implemented on the Low Voltage Distribution Network
LAN in Figure 79. The throughput is also dependent on how long it shall take the
Local and Central Data Collection Centre Management system of the Local
REC/Second Tier Agent or Primary Supplier to realise there has been a collision
of metering data frames and react to it. Consider the case where the two Metering
Interface Units on the Low Voltage Distribution Network, are the Customer
Premises equipment at one extremity of the network and the Local Data
Collection Centre at the other extremity, as shown in Figure 79.
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Let the time for the Frequency Hopping Power Line Carrier signal, containing
metering data transmitted from the Domestic Customer, to propagate through the
Low Voltage Distribution Network to the Local Data Collection Centre be

t.

At

to

the Metering Interface Unit of the Domestic Customer commences transmitting
metering data. At

t - a,

a short time before the metering data from the Domestic

Customer arrives at the Local Data Collection Centre, the same Local Data
Collection Centre itself commences to transmit metering data, for example
pertaining to a tariff change for all customers, to all Metering Interface Units. The
Local Data Collection Centre detects the collision almost instantly and stops
transmitting but the collision is not detected by the Domestic Customers Metering
Interface Unit for a minimum time of 2t - a, the time for the noise burst caused by
the collision to propagate back through the Low Voltage Distribution Network.

Assume there are now N Metering Interface Units, instead of two, on the Low
Voltage Distribution Network. Each Metering Interface Unit transmits during a
contention slot, where a contention slot is defined as a period where other
Metering Interface Units could also transmit, with probability P. The probability,
S, that another Metering Interface Unit will actually transmit during the same
contention slot is given by:

S = N P (I _ P)

S is optimised when P

= lIN,

N.- I

(58)

and S assumes a lie distribution characteristic,

where e is the exponential function, when the number of Metering Interface Units,
N, increases.
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The probability, E, that a contention interval, where a contention interval is a
number of contiguous contention slots, has exactly k slots in it is derived from
equation 58 as:

E

= S (I

- S)

(59)

kl

and therefore the mean number of slots per contention is derived from equation 59
as:

00

1IS

= L k S (1

-S)

(60)

k -I

o
Since each contention slot, as shown in Figure 84, has a duration of 2t , the mean
contention interval, T , is derived from equation 60 as:

T = 2t1 S

(61 )

Assuming optimum probability P from equation 57 and that the mean number of
contention slots is never more than e , then the mean contention interval can never
be longer than 2t e, or 5.4 t since when x

= 1, eX = 2.718. If the mean

metering

data frame takes 't seconds to transmit then when many Metering Interface Units
have frames to transmit the efficiency of a IEEE 802.3 Carrier Sense Multiple
AccesslCollision Detection for a Low Voltage Distribution Network LAN using a
I-persistence protocol can be given by:

265

Channel Efficiency

='t / ('t + 2t / S)

(62)

From equation 62 it can be seen why the distance from a Customers Metering
Interface Unit to the Local Data Collection Centre is important and why it was
proposed in section 7.3 that the installation of Power Line Carrier Repeaters
requires careful planning. The longer the physical Low Voltage Distribution
Network communication channel, and the more repeaters that are installed, the
longer the propagation delays and subsequently the longer the contention interval
and the more risk of collisions.

If the distance and subsequently the maximum round trip time between the most
distant Metering Interface Unit and the Local Data Collection Centre, the number
of Metering Interface Units, and the maximum number of repeaters is restricted
the overall efficiency of the Low Voltage Distribution Network communication
channel shall increase.

From equation 62 in terms of the metering data frame length, L, the Low Voltage
Distribution Network Channel Bandwidth, B, and the distance from the Metering
Interface Unit to the Local Data Collection Centre, D, the speed of signal
propagation, V, and the optimal case of e contention slots per frame then, since 't
= L / B, the efficiency of the Low Voltage Distribution Network Communication

channel is given by:

PLC Channel Efficiency = 1 1(1 + 2BD e I VL)
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(63)

For example assume a metering data frame of length, L

= 48

bytes (384 bits), as

suggested in section 2.8, a distance, D, of 2500 metres from the customers
premises to the local data collection point on the Low Voltage Distribution
Network, and a bandwidth, B, of 2400 Hz , as suggested in section 3.11, equates
to an efficiency:

6

III + 2.2400.2500.2.718/384.300.10 = III + 0.000283 = 99.97%

(63.1 )

The same system but with a bandwidth, B, of 30,000 Hz has an efficiency:

6

III + 2.30000.2500.2.718/384.300.10 = III + 0.0353= 99.64%

(63.2)

Note: It is unlikely the speed of propagation through a power line would be
300.106 , due to the propagation delays, but since the same figure is used in 63.1
and 63.2 the equation results are valid.

From equation 63.2 it can be seen that increasing the Power Line Channel
bandwidth for a given frame size, such as suggested in section 2.3, could actually
result in a decrease in efficiency and subsequently a decrease in metering data
throughput.

7.10.2 The Provision of Value Added Services in a Remote Meter Reading
Communications Network
In sections 1.1.7 and 6.2 it was suggested that to take full advantage of the
opportunities arising in the Electricity Supply Industry and other utility energy
supply industries an Integrated Remote Metering Communication and Information
Systems infrastructure must be in place. To decrease the potential impact of the
possible high cost the development of such a network could incur it is feasible that
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additional Value Added Services may need to be provided by the user. These
Value Added Services could include the provision of telephony, security
monitoring, video and other telecommunications services. The architecture
detailed in Figure 79 and described in sections 7.10 and 7.10.1 provides the
foundations for providing such Value Added Services.

The use of an ATM/SDH architecture for the transport network of a Remote Meter
Reading system allows the ATM cells, at the ATM hub, to be switched in
accordance with information in the cell header and not on the basis of a fixed
transmission time slot. This technique not only allows bandwidths in excess of 2

Mbits/s to be switched but means the circuit provider can provide a flexible
allocation of other data rates. The ATM/SDH elements of Figure 79, shall allow
Value Added Services such as high definition video services (video conferencing
as well as TV type video), telephony (both voice and wideband area interconnect),
and computer graphics to be flexibly transferred across the network.

The network capabilities of a Power Line Carrier Communication Channel cannot
at this time carry many of the Value Added Services detailed due to the bandwidth
restrictions shown in Section 3.2.1. However due to the virtual monopoly of the
existing PTOs on the Customer Access Network, as shown in Section 1.3, Power
Line

Carrier

with

the

correct

modulation

method

and

communication

infrastructure could offer a means of providing some of the Value Added Services
like basic telephony, security monitoring, and slow speed data channels. Although
the provision of the larger bandwidth Value Added Services are not feasible using
a Low Voltage Distribution Network at this time, given the advances in high level
modulation techniques, described in Section 3.25, data rates that could be
communicated on a Power Line Communication Channel could be increased.
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Figure 79 provides a systems architecture that meets the main objective of this
research by providing a design and application for Power Line Carrier
Communication and Remote Meter Reading for use in Integrated Services and
Broadband Integrated Services Digital Networks which could be used in a
potential market of 23 million customers.

7.11 A NETWORK MANAGEMENT AND OPERATIONAL SUPPORT
SYSTEM FOR REMOTE METER READING
The provision of a Network Management Operational and Support System
(NMOSS) is of prime importance in the development of a Remote Meter Reading
system. The development of such systems however is extremely complex. For
example the Croeso system [135] is under development with the potential to
produce bills for customers of South Western Electricity, Southern Water and the
newly merged Welsh Water and South Wales Electricity. Projects like Croeso are
a major undertaking for RECs and require a great deal of planning, as any large
complex computer project can be subject to delays. A Network Management
Operational and Support System (NMOSS) must, as far as practicable. automate
the processes and procedures used to provide Remote Metering and any associated
services to customers. It should not be intended only as a tool for the management
of the Billing Data Collection elements of the Remote Metering system although
this must be a major task of the system. The design of a Network Management
Operational and Support System (NMOSS) needs to be viewed from a number of
perspectives. These perspectives are needed in order to form a framework of the
physical, logical, functional, interface and data functions which could be used in
the planning of a suitable NMOSS for Remote Meter Reading. The ultimate object
of this planning process is the Detailed Design of an NMOSS for a Remote Meter
Reading system which can be adapted to the needs of any Utility company
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7.12 Design Overview/Framework of a Proposed Remote Meter Reading
Network Management and Operational Support System.
It is proposed to implement a Network Management and Operations and Support
System (NMOSS) for Remote Meter Reading based on a Network Management
Forum

(NMF)

5-layer

architecture

of

Business

Management/Service

ManagementlNetwork Management/ Element Management and Network Element.
Figure 85 illustrates the proposed architecture and indicates where each of the
functional components could reside in a Remote Meter Reading Business/ Service!
NetworklElement hierarchy.

7.13 Detailed Design of the Remote Meter Reading NMOSS System
The proposed components of the Remote Meter Reading NMOSS shown in Figure
85 can be described from both a logical and physical perspective.
7.13.1 Physical Perspective
The physical design of the NMOSS, the proposed physical components and a
possible method of interconnection are shown in Figure 86.
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7.14 A Customer Management System
A Customer Management System will be required to fulfil the following service

management functions identified in Figure 85.
• Service Order (Sl)
• Accounting and Billing (S2)
• Help Desk (S5), Trouble Ticketing (S4) and Job Tracking
• Management Information System (MIS)
• Work Force Management (S8)
• Commercial/Finance (S9)
. Enquiry System (S14)
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• Service Level Agreements (S6)

The designation Sx indicates the proposed service management functions,
identified in Figure 85, that should form part of the NMOSS system.

7. 15 Billing Data Collection
The Billing Data Collection system should fulfil

the

following

service

management function identified in Figure 85.

Inter Administrative Accounting (S3)

Billing Data Collection

collects

information

on

Customer Consumption,

Electricity supplied from the pool, and the use of the Local RECs Low Voltage
Distribution Network in order that accurate invoices can be prepared.

7. 16 The Workstations
The workstations should provided the technical users of the Local REC/Second
Tier Agent, and the Primary Supplier, with the ability to access all of the
management systems on the Low Voltage Distribution Network.

7. 17 File Server System
The File Server system should provide the standard office suite functionality used
by the Prime Supplier or the Local REC/Second Tier Agent (e.g. MS-Office,
Lotus Organiser) and office application data storage.

7. 18 The Service Activation Mediation System (SAM)
The SAM system shall provide mediation between the Customer Management
System and the interfaces of the Power Line Carrier Communication and Remote
Meter Reading for use in Integrated Services and Broadband Integrated Services
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Digital Network shown in Figure 79 of section 7. \0 for the provision of Electricity
and Value Added Services.

7.19 Front Office User Workstations
The front user workstations should enable customer interfacing staff to access the
Customer Management System for sales, bills and other administration enquiries.

7.20 Logical Design of a Remote Meter Reading NMOSS
The functionality of the NMOSS components discussed in section 7. 14 to 7. 19
that are used in the management of the Power Line Carrier Communication and
Remote Meter Reading for use in Integrated Services and Broadband Integrated
Services Digital Networks are.

7.20.1 Bill Data Collection (BDC)
The Bill Data Collection component should receive Consumption Data Records
(CDRs) from the Customer Management System and:

a. Reformat the CDRs into the standard Format used by the Local REC/Second
Tier Agent or primary supplier.

b. Archive the CDRs

c. Provide Quality Checking and request for retransmission in the case of errors.

7.20.2 Bill Printing Service (BPS)
It may be relevant for the Local REC or Primary Supplier to consider whether this
component shall be provided by the Local REC or Primary Suppliers themselves
or by using an external Bill Printing agency. It should enable electronic records to
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be accepted (via either wIre or tape transfer) to produce and mail hard-copy
customer bills on a regular or one-off basis.

7.20.3 Equipment Manager ·Operations System (EMOS)
This component should provide element management for the Local REC or
Primary Supplier of the range of Network Communication Elements in a Power
Line Carrier Communication and Remote Meter Reading for use in Integrated
Services and Broadband Integrated Services Digital Networks. Functions shall
include Fault Management, Configuration Management. some Performance
Management and Security. This function may be partially carried out by a PTO if
a National Broadband Integrated Services Digital Networks is used as is suggested
in section 6.2.

7.20.4 Inter Administration Accounting (IAA)
This component should use some form of supply metering at the Bulk Supply
Point(s) of the National Grid to monitor the supply provided under the Pooling
and Settlement Arrangement and the use of the Local REC or Second Tier Agents
distribution network.

7.20.5 Integrated Management Access
This component should provide a "Reach Through" enabling "front end "
integration onto a single windowed user interface of all the individual
management platforms of the Remote Meter Reading NMOSS to allow the
individual management components detailed in 7.20.1 to 7.20.3 to be managed
from one common hardware platform or work station.

7.21 Interfaces
Three kinds of interfaces will generally need to be implemented
Meter Reading NMOSS. The possible interfaces arc:
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1I1

a Remote

• User Interfaces (Graphical and Voice Terminals)

• Functional Interfaces (Internal)

• Functional Interfaces (External)

7.21.1 User Interfaces
Two types of user interface shall be normally required. Technical User Interfaces
which shall be used by the Local REC or Primary Supplier who shall have primary
access to the EMOS system, and Front Office User Workstations with connection
to the Customer Management System. It is expected that all connections between
the components applications host platforms and the GUI terminals will be made
by means of LAN and/or WAN interconnections. A further requirement shall be
that all main interfaces are available on a single windowed terminal as proposed in
section 7.20.5.

7.21.2 Voice Terminals
It may be necessary for the Primary Supplier to set up or use an existing number of
"customer centres" in the Local REC/Second Tier Agents boundary area as an
integral part of the Remote Meter Reading Customer Service. These customer
centres should be supported by incoming and outgoing Automatic Call
Distribution probably based on a small PBX or desk top system. Calls need to be
presented to operators using the Customer Management System via some form of
voice interface and telephone terminal.
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7.21.3 Internal Interfaces
The following can be envisaged as the maIn internal interfaces of the Prime
Supplier:

Billing Data Collection to Inter Administration Accounting (For Second Tier
Supply System)

Billing Data Collection to Customer Management System

Service Activation Mediation to Communications Network

7.21.4 External Interfaces
The following can be envisaged as the maIn external interfaces of the Prime
Supplier:

Customer Management System to Bill Printing service

Inter Administration Accounting System to Print Agency.

A

Remote

Meter

communications

Reading

medium,

system

protocols

must
and

not

only

metering

provide

devices,

a

suitable

but

suitable

management and control of these elements and intrinsic links to fault processing,
accounting, administration, sales and marketing, and inventory functions in order
to provide a comprehensive system. Such a Network Management and Operations
Support Systems (NMOSS) as shown in Figures 85 and 86 should assist in
providing increased quality of service levels, planning, costing and statistical
information, as proposed in section 1.1.7, which shall be associated with the
development, maintenance and engineering of any Remote Meter Reading system.
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The functions of a Remote Meter Reading Network Management and Operational
Support System detailed in Figures 85 and 86 could be interlinked as shown in the
high level data model of Figure 87.

Network Management

Figure 87 - Remote Meter Reading NMOSS High Level Data Model

Network Management

Included in the interlinking Network Management functions of Figure 87 must be
the ability to configure the Remote Meter Reading system Customer Access
Network. This must include the ability to exercise control over the features of the
Frequency Hopping Power Line Carrier system such as Word of Day, Time of
Day, detailed in section 7.8.1. This must also include the ability to allocate
Customer Access Points, the Low Voltage Distribution Network and Broadband
ISDN interfaces at the Local Data Collection Centres, shown in Figure 79, and set
up Remote Meter Reading Traffic paths from the Customers Premises to the
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designated Local Data Collection Centre and from the Local Data Collection
centre to the Local REC or Primary Supplier for the routing of metering data.

Fault Management and Processing
Fault management detailed in Figure 87 should incorporate a set of interlinking
functions enabling the detection, isolation and correction of faults not only in the
Network Communication Elements in a Power Line Carrier Communication and
Remote Meter Reading for use in Integrated Services and Broadband Integrated
Services Digital Networks but also at the meter itself and its environment.

Performance
Performance management functions detailed in Figure 87 shall allow not only the
measurement and availability of the Electricity Supply service provided but be
able to validate performance trends across the Network Communication Elements
in a Power Line Carrier Communication and Remote Meter Reading for use in
Integrated Services and Broadband Integrated Services Digital Networks, over a
period of time, and if any degradation of performance in these elements is
apparent, highlight the necessity of maintenance.

Security
Security functions in Figure 87 must be designed to prevent unauthorised access to
both meters and the interconnecting Network Communication Elements in a
Power Line Carrier Communication and Remote Meter Reading for use in
Integrated Services and Broadband Integrated Services Digital Network and
prevent attempts to interfere with metering data as discussed in section 7.'S.1
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Communications Interfaces
Included in this function category must be the ability to monitor and review the
communications interfaces Network Communication Elements in a Power Line
Carrier Communication and Remote Meter Reading for use in Integrated Services
and Broadband Integrated Services Digital Networks or other communications
interfaces used for the transportation of remote metering data.

Administration
The administration tasks of the Local REC/Second Tier Agent should be
interlinked for example the billing, tariff setting, database and log services
(including archiving of customer histories) should be linked to word processing to
enable the incorporation of Billing Data into letters to customers for example.

7.22 Conclusions
This chapter has detailed a number of important research areas relating to a
Generic Communication and Network Management System for Remote Meter
Reading. The advent of a second tier supply system means metering and
associated information may need to be provided to the prime electricity supplier,
who theoretically could be located anywhere within the United Kingdom, as well
as the Local REC/Second Tier Agent who may physically supply the electricity.
Since the cost of the local loop is nearly always the most expensive part of any
national communications network to implement, extensive research into the use
and data throughput of a Low Voltage Distribution LAN for the Customer Access
Network and an ATM/SDH Transport Network of one of the existing or new
PTOs, at a readily available interface point, has resulted in section 7. \0 in a
proposed Architecture of a Remote Meter Reading System Using Frequency
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Hopping Power Line Carrier Access Network and ATM/SDH Transport Network
for a Remote Meter Reading Communications Network as shown in Figure 79.

Methods are shown for successfully transmitting and receiving metering data from
a Customer's premises to the Prime Supplier and Local REC, using repeaters
where necessary to overcome any areas of high attenuation or noise, on a power
line. For connecting the necessary metering or associated transmission/reception
device to a power line, inductive coupling to the phase-neutral combination is
concluded as being the safest and technically the optimum configuration, although
earth-neutral and phase-earth combinations are also detailed.

The provision of Value Added Services which could reduce the cost of providing
Remote Metering Communication are detailed in section 7.10.1 and are also
included in the proposed Architecture of a Remote Meter Reading System Using
Frequency Hopping Power Line Carrier Access Network and ATM/SDH
Transport Network for a Remote Meter Reading Communications Network as
shown in Figure 79.

Section 7.11 researches the management of both meter related elements, for
example the actual metering device itself, or the communications elements
described

in

Figure

79,

the

frequency

hopping

power

line

carner

transmission/reception systems, ATM Hubs, SDH multiplexers, and the associated
elements like filters in an information processing application which is as
important as the 'gathering' of 'pure' metering data. Because of its very nature the
management of a Remote Meter Reading system is distributed and therefore its
network management is a distributed application. For the non metering devices,
the 'true' communication devices, in ITU terminology, this management involves
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the exchange of information between separate management processes which are
termed "function blocks". For metering related devices, as shown in Chapter 2,
these functional blocks are described as Virtual Distribution Equipments (VDEs),
with each VDE representing one function of the metering device. For the
succesful implementation of a Remote Metering system paragraphs 7.11 to 7.21
conclude that monitoring and controlling of both the Virtual Distribution
Equipments (VDEs) and the 'functional blocks' of the communication and
associated elements should be implemented by a common Network Management
and Operational Support System so that the interaction of the function blocks and
VDEs shares a common view or understanding of information such as supported
protocol capabilities or management functions
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Chapter 8 - Conclusion and Future Work
8.1 Objective
The main objective of this research was an investigation into the design and
application of Power Line Carrier Communication and Remote Meter Reading for
use in Integrated Services and Broadband - Integrated Services Digital Networks
which could be used in a potential market of 23 million domestic and industrial
customers. It is concluded as a result of the fmdings obtained in Chapters 2, 3, 4,

5, 6 and 7 that this objective was achieved, resulting in detailed proposals for the
Architecture of a Remote Meter Reading System using a Frequency Hopping
Power Line Carrier Access Network and ATMlSDH Transport Network, as shown
in Chapter 7 section 7.10, and a Network Management and Operational Support
System, as shown in Chapter 7, Sections 7.11 to 7.21. Further conclusions
resulting from the research detailed in Chapters 2, 3, 4, 5, 6 and 7 are included in
sections 8.2 to 8.7.

8.2 Data and Communication Network Protocols
It was shown in Chapter 2 that there are a number of protocol options available to
any REC who wishes to implement a Power Line Carrier Remote Metering system
on the Low Voltage Distribution Network. Sections 2.1 and 2.2 detail the research
into protocols such as the Distribution Line Message Specification (DLMS), and
the work of CENELEC SC205A WG2 in this area. As a result of this research
detailed proposals are put forward in section 2.3, of a protocol architecture
suitable for a Second Tier Supply and Wide Area Network Remote Meter Reading
System and which include the concept of a Totally Managed Remote Meter
Communications Network shown in section 2.3.1.
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8.3 Modulation Systems for Low Voltage Communications
In Chapter 3 an analysis of Low Voltage Signalling systems is detailed. As a result
of the analysis a method is proposed, in section 3.23, which permits the evaluation
and comparison of such Low Voltage Signalling systems. The model includes the
effect of one Low Voltage Signalling system on another, and establishes a common
Figure of Merit, the Propagation Loss. It is concluded as a result of the research in
Chapter 3 that Frequency Hopping Low Voltage Spread Spectrum Signalling
systems are more suited to the Low Voltage Distribution Network than other
signalling systems, such as ASK and FSK, but that it is also possible for these
systems to share the same Low Voltage Distribution Network, and minimise bit
error rates, by maximising the hopset and minimising the Dwell Time. and
therefore the mean rate of occurrences of any particular frequency, of the
Frequency Hopping Low Voltage Spread Spectrum Signalling system.

8.4 Power Line carrier (PLC) and Radio Communication Systems
Research was carried out in Chapter 4 into the practical design of Power Line
Cru;rier and Radio Communication Systems that could be used in Remote Meter
Reading. The research fmdings in sections 4.7, 4.8, 4.9, 4.10 and 4.11 of Chapter 4
indicate that the new cellular radio technologies, such as GSM, and wireless local
loop systems offer great potential for radio based remote metering schemes. The
fmdings also suggest that if already available, and many of the schemes discussed
are available through third party providers. then the infrastructure of a radio
metering scheme using these new technologies could be more technically. and cost
effective. than other radio metering schemes which are based on the bandwidth of
183.5 Mhz to 184.5 Mhz presently allocated to Low Power Radio and Metering
applications by the Department Of Trade and Industry (DTI).
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8.5 ISDN: An Altemative to Power Line Csrrier and Radio Remote Meter
Reading Systems
Telephone networks, and particularly the use of Integrated Services Digital
Networks, have been proposed as a main communications media for Remote Meter
Reading Systems. The research results shown in Chapter 5 reveals how these
networks are technically achievable, but correspondingly shows that the
disadvantages, and in particular those related to using Basic Rate and Primary Rate
ISDN, are the current high cost of tariffs and the unavailability of an ISDN service
in many areas of the United Kingdom. The forecasts for the deployment of Basic
Rate and Primary Rate ISDN to be deployed in the United Kingdom in 1997, one
year before full deregulation of the Electricity Industry takes place, is further
shown by the research results to be completely inadequate to provide a potential
customer base of 23 million customers with Remote Metering Communications.

8.6 An Architecture for Remote Communications Systems
Present Remote Communications for meter reading usually work on the premise of
a Power Line CarrierlRadioffelephone Line system carrying metering data to a
loc~

collection

point,

then

using

radio,

the

PSTN

or

some

other

telecommunications system to carry the data to a central collection point. The
research fmdings in Chapter 6 show that new technology and services introduced
as a direct result of the deregulation of the United Kingdom telecommunications
services have rendered many of these architectures incomplete and outdated. The
research shows why the impact of these new technologies, and in particular the use
of Asynchronous Transfer Mode (ATM) in conjunction with the Broadband ISDN
capabilities of the Synchronous Digital Hierarchy Transport Networks of the new
licensed Public Telephone and Private Network Operators, is a significant factor
for recommending its use for networking across the potentially wide areas of a
communications network for the transmission of metering data. An Asynchronous
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Transfer Mode (ATM)/Synchronous Digital Hierarchy Transport Network as,
shown in sections 6.5 and 6.6 of Chapter 6, has both the technical capability and
tariffmg structure to provide integration of other Value Added Services with
Remote Metering Data to make a Remote Meter Reading network economically
viable.

B. 7 A Generic Communication and Network Management System
Chapter 7, by building on the findings of Chapters 1 to 6, concludes that although
Power Line Carrier and Broadband ISDN are two diverse communications
technologies, the design and application of Power Line Carrier Communication and
Remote Meter Reading for use in Integrated Services and Broadband - Integrated
Services Digital Networks could be realised, to reach a potential market of 23
million domestic and industrial customers. It is unlikely however that this
architecture could be realised in time for the fIrst phase of full deregulation of the
United Kingdom ESI, the 1 April 1998. The research fmdings show how the
architecture could be achieved, in Chapter 7 section 7.10, in conjunction with a
suitable Network Management and Operational Support System, detailed in
section 7.11 to 7.21, to provide a Generic Communication and Network
Management System for Remote Meter Reading.

B.B Future Work
Enhancements to the main objective of this research, the design and application of
Power Line Carrier Communication and Remote Meter Reading for use in
Integrated Services and Broadband - Integrated Services Digital Networks, could
be achieved by further work on:

• Electro-Magnetic Compatability(EMC)
The development of Power Line Carrier Communications is very much in its
infancy compared to other communications technologies, for example radio. This
development cannot

proceed

in

an
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isolated

manner relating

purely to

communications

technology

however

and

a

detailed

Electro-Magnetic

Compatability analysis is required not only to evaluate the effects of other
communications systems sharing the same power line, as detailed in Chapter 3, but
also on external communications systems outside the Low Voltage Distribution
Network. Such future work should incorporate an analysis relevant to the new
EMC standards now being produced by the ITU, IEC, CENELEC and other
bodies.

• Network Build and Test
The research carried out has examined the theoretical aspects of the design and

application of Power Line Carrier Communication and Remote Meter Reading for
use in Integrated Services and Broadband - Integrated Services Digital Networks
Further work should include the building, testing and practical evaluation of a
network as proposed in this thesis.

• Filtering.
A Power Line Carrier system is of fundamental economic importance to the

Regional Electricity Companies as a communications medium for Remote Meter
Reading and other Value Added Services. Further research into the detailed
specification of mains fIlters for the Low Voltage Distribution Network could
enhance the design and application of the Customer Access Network of a Power
Line Carrier Communication and Remote Meter Reading for use in Integrated
Services and Broadband - Integrated Services Digital Networks by allowing the
Low Voltage Distribution Network to be shared with these Value Added Services.
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Appendix A
THE SETTING OF STANDARDS AFFECTING POWER LINE
CARRIER, REMOTE METER READING AND ASSOCIATED
COMMUNICATIONS SYSTEMS
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The Standards Organisations
There are a number of main organisations responsible for setting standards
directly affecting remote meter reading and power line carrier communications.

British Standards Institute
The British Standards Institute (BSI) is responsible for setting those standards,
including power line carrier communications equipment, remote meter reading
and other communications equipment that shall be used in the United Kingdom.

CENELEC: Comite European de Co-ordination des Normes Electrical and
Electronic Standards
CENELEC is a European based agency which represents all the EEC and EFT A
countries and includes the coverage of the electronic and communications
standards by CENELEC committees. In addition to the committees Working
Groups are used to undertake the discussions which lead to the presentation of
standards. Many standards set by national institutions are adopted as CENELEC
standards or superseded by CENELEC standards. Of particular relevance in
remote meter reading and power line carrier systems are the following
committees:

Technical Committee PELlI22 - Mains Signalling
Technical Committee PELlI5 - Remote Meter Communications
Technical Committee PELl89 - Telecontrol, teleprotection, and Association
Telecommunications for electric power systems.

One of the most important family of standards is currently being developed by
CENELEC under the following committees:
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CENELEC TC 105
This CENELEC Technical Committee covers Home and Building Electronic
Systems and under its auspices standards are being prepared to cover the
integration of information processing , monitoring, control and in-house
communication including data transmission required for information processing,
monitoring, controlling in and around homes and buildings, including the
gateways to different transmission media and public networks, taking into account
all matters of EMC and electrical safety. TC 105 does not prepare device
standards but the necessary hardware and software interfaces.

CENELEC SC 105 A
This is a CENELEC subcommittee preparing standards for communications
systems using low voltage supply line over wiring of buildings as a transmission
medium and use in frequencies above 3 kHz and up to 148.5 kHz. This includes
the allocation of the frequency bands for signal transmissions on the mains.
Probably the most important task of SC 105A is the development of EN 50065,
Parts 1 to 7, which covers mains communication.

INTERNATIONAL ELECTROTECHNICAL COMMITTEE
The lEC is responsible for preparing electronic and communications standards by
International committees. Three particular committees are of interest to power line
carrier and remote meter reading:

IEC TC 13
This committee covers Remote Meter reading and promotes two standards
IECl107 and IECl142 which cover local reading via optical fibre or wire.

303

IEC TC 57
This committee covers remote meter reading for the Electricity, Gas, Water and
Other Fluids and Heating Industries. It has been proposed recently that this
committee also start investigations into the use of X.25, ISDN and other methods
for Telecontrol. The aim of the proposed work is not to define a new standard but
to define a set of rules for using existing protocols over data networks for
Telecontrol purposes.

IEC TC 294
This committee covers communications systems for and remote reading of meters.

CIGRE: Conference International des Grandes Research Electronics in
Haute Tension
CIGRE is a European based agency which represents countries in the EEC and
EFTA but also includes the USA, Canada and the Soviet States. Normally the
members of CIGRE are from standards organisations or individual companies.

ITU: International Telecommunications Union
The regulations formulated by the ITU have the status of formal treaties of the
UNO member countries and are binding on the signatories who agree to them.
Previously the ITU issued regulations under its three committees CCIR, CCITT
and the IFRB.

Other Bodies Influencing Power Line Carrier and Remote Meter Reading
Standards
There are many other bodies which do and can influence Power Line Carrier and
Remote Meter Reading Standards including:
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ECMA: European Computer Manufacturer's Association

EIA: Electrical Industries Association

Power Engineering Sections of the Engineering Institutes of the lEE and IEEE and
others.

The important factor to note about these groups is the international harmonisation
with many from the above mentioned being members of committees affecting
both Power Line Carrier and Remote Meter Reading. One interesting fact to note
about these organisations is that prior to the deregulation and privatisation of the
Utilities industries there was not exactly a proliferation of standards relevant to
power line carrier and remote meter reading and the numbers of the national
standards available on these subjects was insignificant to those standards produced
by

other

industries,

for

example

the

ITV

communications

recommendations/standards. The standards produced with reference to remote
meter reading indicates that this situation is now being addressed very earnestly by
many of the above organisations, and also highlights the interest in remote meter
reading and power line carrier systems.
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Appendix B
Power Line Carrier Signal Levels in Relation to Link Planning
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Power Levels in a Power Line Carrier Communications System
It is intended in this appendix to propose how the individual steps in the planning
of a link, in Figure 88, between a Customer's Premises and the first Data
Collection

Centre

using

a Frequency

Hopping

Power Line

Carrier or

conventionally modulated systems should be carried out. In a report produced for
CENELEC SC 10SA, reference Reflection on the Transmission by Current
Carriers in Household Units, October 1993 the maximum authorised signal level
is proposed as 116

dB~V.

This may be an unnecessary limitation on Power Line

Carrier operation. For example 116

dB~V

may be fine in one location at one

frequency from the allocated Power Line Carrier band (3 to 148 kHz), but 80
dB~V

at another Power Line Carrier frequency could cause interference, whilst a

level of 120

dB~V

may cause no interference in some locations but is the

necessary power level to make a system work.

For Power Line Carrier operation it is proposed to treat power output calculations
for any communication links on an individual basis, like radio links, with only a
maximum limit imposed on the applicant where for example there is clear
evidence of interference to other users or a safety issue. The following sections
clarify this approach and through two examples, one for conventional FSK and
one for Frequency Hopping Power Line Carrier suggest a method that could be
used

It is assumed that the following conditions have been met prior to any calculation
taking place:

- Location of Customer's Premises. Usually included in site survey information
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- Location of Data Collection Centre} Usually included in site survey information
- Equipment Type and Parameters

Link Budget Description

Link Number
Each link between a Customer's Premises and a Data Collection Centre should be
given an individual designation. This shall also aid any network management
system in identifying faults.

Equipment Type
This should identify the particular Customer Premises equipment being used,for
example Frequency Hopping or possibly conventional FSKIASK equipment.

Data Collection Centre and Customer Premises Designators
These should be alpha-numeric and would also be used as an aid to network
management.

Data Collection Centre and Customer Premises Grid References
These would also be used as an aid to network management and for future
reference.

Data Rate Requirements
The capacity in kilobits/s or bits/s should be included for the link.
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Frequency Hop Set
In the case of a Frequency Hopping Power Line Carrier system this should contain
information on the particular hop set being used.

Path Length
This is the distance from Customer's Premises to Data Collection Centre,

In

kilometres (or fractions of a kilometre).

Alternative Routes
This section should include any alternative routing arrangements vIa radio or
telephone line for example.

Losses
This section includes all of the loss mechanisms, for example attenuation at
transformer sites, that could be incurred over the link.

Filter Losses
Filtering losses account for any in-line or other mains signalling filters used.

Connector Losses
These are the losses occurrincurring in any transition point such as connecting the
PLC Customer Premises Equipment to the Power Line.

Gains
Gains are produced by repeaters or other in-line amplification devices.
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Transmitted Power
This is the power at the output of the Customer Premises or Data Collection

Centre Equipment.
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Figure 88 - Link Planning Model

FSK Power Line Carrier System Worked Example
For a conventional Single Channel Power Line Carrier Receiver, the receive power
is given by the expression:

Pr = Pt - PL

(1)

310

and the Signal to Noise Ratio SIN is given by:

SIN = Pr - J(T + B + roo

(2)

Where
Pr = Received Signal Power
J(T = Thermal Noise Power Density (-204 dBW)( k = Boltzmanns constant)
B = Power Line Carrier Receiver Intermediate Frequency(lF) Bandwidth
PL

= Losses in Path from transmitter to receiver

roo = Effective Noise Factor on High Voltage Lines

The effective Signal to Noise power level per unit bandwidth for a wanted
conventional Power Line Carrier signal is therefore equal to:

SINo = (Pt - 20 log B - Pd + ( 204 - 67 + 27.7 log Fm)

(3)

From Chapter 3 the required SIN for Non Coherent FSK can be taken as
approximately 14 dB.

PL

= Losses in Path from transmitter to receiver

where

PL

= Mains

Filter Loss(Lm) + Distribution Feeder Loss (Phase A)(Ldf) +

Transformer Loss (Lt) + Medium Voltage Feeder Loss (Lvf)
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(4)

where Lm = 3 dB
Ldf = 10 dB (Typical)
Lt =50 dB (Typical)

Lvf = 30 dB (Typical)

PL

=93 dB

Note
These losses include any connector and other minor losses.

B = 1200 Hz for 600 bits/s FSK system

roo = 67 + 27.7 log Fm (Taken from CCIRR as rural noise level)
Fm

=highest modulating frequency (PLC = 95 kHz)

14 dB

= (Pt - 20 log

1200 -93) + ( 204 - 67 + 27.7 log 95 kHz)

14 dB = (Pt - 154.58 dB) + (274 dB)

(Pt - 154.58 dB)

(6)

= 14 dB - 274.88 dB

(7)

Pt = 14 dB - 274.88dB + 154.58 dB

Pt

= - 106.3 dB

Pt

= - 76.3 dBm

(5)

(8)
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If the Repeater across the first transformer had a Gain of 3 dB. This could be
reduced to - 79.3 dBm.

Frequency Hopping Power Line Carrier Worked Example
When looking at the equivalent Frequency Hopping Power Line Carrier system,
the expression above must be modified, to take into account the Dwell Time (DT)
factor. equation (3) becomes

SINo

= (Pt - 20 log B - Pd + ( 204 - 67 + 27.7 log Fm) - 20 log DT

(9)

Taking all figures as the same but for the bandwidth, which for the Frequency
Hopping Power Line Carrier Case is given by:

B = 2400 Hz for 1200 bits/s Frequency Hopping System.

Assume 15 Frequencies in Hop Set DT

= IllS = 66.67 msecs

14 dB = (Pt - 20 log 2400 -93) + ( 204 - 67 + 27.7 log 95 kHz) - 20 log 66.67.10-3
( 10)
14 dB = (Pt - 67.6 - 93) + (204 - 67 + 137.88) + 0.78
14 dB

= (Pt - 160.6) + (274.88) +0.78 dB

Pt = 14 dB + 106.6 - 275.66

( 12)
( 13)

Pt = -155.06 dB
Pt

(I I)

= - 125 dBm
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Comment
EN 50065-1 suggests a maximum power level of 116 dBIl V for Power Line
Carrier systems. The bandwidth available on Power Lines should be treated like
the radio spectrum where a user has to make a formal request to use any part of
the spectrum. This request should be accompanied by the requisite link budget
calculations and calculated Power Levels to achieve the level of performance
required, and cause no interference to other users of the Power Line, and should
not cause problems with communication systems outside the Power Line Carrier
sphere. There is further reasoning behind this approach. Attenuation levels on
Power Line Carrier vary considerably, both in relation to Frequency and time of
day. Figures 89 and 90 show how conditions on Power Line vary so much that it
shall be virtually impossible for single frequency users, for example, to adhere to a
fixed power level within reasonable limits since, the attenuation levels for fixed
frequency operation vary in conjunction with not only time, but type of building
and situation, when other electrical equipment is being used on the same power
line. This of course reinforces the argument why Frequency Hopping Power Line
carrier systems should perform better than single frequency systems since they are
virtually immune to this type of interference.
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I/O =In-Rlase and CWa;ite PlBse, 1V = T~evisioo ROO:liver, EX =Bedric Kftt]e
FR = Bedric Range, Cd = oottes Drier.
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Figure 90- Attenuation versus Frequency, Single Family Home, Known Loads
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Harmonic (Beat) Frequencies
SC105A touches on possible problems in relation to harmonic frequencies. It is
suggested that in this case radio design practice is also followed. A harmonic
frequency only causes a problem if it is of a high enough level. In radio systems
design it is normal practice to specify that certain harmonic frequencies should be
so many dB "down" on the carrier frequency. For example it is common to state
that the third harmonic which causes many problems in radio systems shall be at
least 60 dB less than the carrier frequency level.
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