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Editors’ note

Members of the Institution of British Telecommunications Engineers (IBTE) should
note that the IBTE Web sites now include indexes for British Telecommunications
Engineering and the Structured Information Programme. Furthermore, we have started
to place electronic versions of journal articles onto the Web sites too; currently, these
include the articles that appear in this edition and in the October 1998 edition. It is our
intention that future articles will be made available on the Web sites (http:/www.ibte.org)
as soon as the work preparing them for publication has been completed. This will enable
us to bring articles to many Members a lot sooner. Readers should note that the elec-
tronic articles are currently available only to IBTE Members through password access
to the Members’ closed-user group area.

For further information about this facility, please call the IBTE HelpLine on
0800 028 0209.

Contributions of articles to British Telecommunications Engineering are always
welcome. Articles can be on any technical or business topic related to telecommunica-
tions or related induustries, and can be short or long. In particular, the editors would be
very pleased to receive articles on field activities; for example, novel solutions to engi-
neering problems.

Potential authors are reminded that the IBTE operates an annual award scheme to
encourage excellence in the production of articles.

The editors will always be pleased to give advice, and guidance notes are available
for authors. Anyone who feels that he or she could contribute an article is invited to
contact the Managing Editor, British Telecommunications Engineering, Post Point
2D05, The Angel Centre, 403 St John Street, London EC1V 4PL. Tel: 0171 843 7623,
E-mail: paul.e.nichols@bt.com.
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COMPUTER TELEPHONY INTEGRATION

Andrew Catchpole

Voice-Data Convergence
and the Corporate
Voice-over-IP Trial

The convergence of voice
and data networks and
technology has brought

new opportunities and

threats to traditional
suppliers of telephone
switching systems. BT

has recently completed a
corporate voice-over-IP

trial, involving over
50 users, and using a new
breed of soft-PBX

switching systems.
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Introduction

This article is part of a theme discuss-
ing computer telephony integration
(CTT). The first article! defined CTI as
the logical association between the
voice and data worlds. However, since
that first article technology has moved
rapidly forward towards the physical
convergence of the voice and data
communications.

The first part of this article
discusses one aspect of this conver-
gence technology—voice-over-
Internet protocol (VoIP) with
particular attention to intelligent IP
switching systems, or soft-PBXs.

The second part goes on to discuss
the technical evaluation of a soft-
PBX system in the corporate voice-
over-IP trial run by BT from June to
October 1998 and involving over
50 triallists making over 10 000 calls.

Finally, some of the value-add
applications are described which are
now being realised as a result of
voice-data convergence.

What is Voice over IP?

Unlike the traditional public
switched telephone network (PSTN),
which is a circuit switched network,
VoIP uses a packet switched data
network for transporting voice and
signalling information.

Figure 1 shows an IP telephony
device such as a personal computer
(PC) with full sound capabilities and
connected to a data network. Also
required is suitable Internet telephony
client software such as the freely
available Microsoft NetMeeting
application, although many others
are available.

Voice communications is initiated
to another VoIP client by making a
call to the IP address of the distant
client (if known) or by using one of
the many Internet location servers
(ILS) or gatekeepers, as shown in
Figure 2.

Once the call is connected, basic
speech transmission can then take
place. VoIP works by sampling speech

Figure 1—Voice-over-IP telephony device
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Figure 2—Simple gatekeeper routed
VoIP call

(normally every 30 ms) from a
microphone into data packets, which
are transmitted to a distant receiver
via the data network. In some cases,
these speech samples are compressed
to reduce bandwidth requirements
using one of many coding standards.

When the IP packets are received
at the distant end, they are buffered
in memory before being decoded and
played out through the sound system.

Generally, data network applica-
tions use higher-level protocols in the
IP family. Most IP telephony applica-
tions use the user datagram protocol
(UDP), which is most suited to real-
time data such as voice but gives no
guarantee that the packets will ever
arrive at the destination. Signalling
and call control information is
generally carried using transmission
control protocol (TCP) which, unlike
UDP, does provide guaranteed
delivery of packets over an IP
network.

For a computer literate person,
simple VoIP is relatively uncompli-
cated to set-up and use but still lacks
the ubiquitous nature of the telephone
network. A soft-PBX bridges the gap
between simple VoIP and a commer-
cially-viable fully-functional voice
network.

Soft-PBX Developments

A soft-PBX differs from a traditional
PBX owing to two important charac-
teristics. Firstly, call processing is
performed by a software application
executed on an industry standard
computing platform. Secondly, the
voice and signalling are carried over
a data network rather than a
separate telephone network—usually
an IP network.

This, in theory, allows the replace-
ment of conventional business
telephone equipment and wiring by
integrating data and voice traffic
over a single local area network
(LAN) or wide area network (WAN)
infrastructure.

A soft-PBX system consists of the
following functional components in
addition to the data network itself:

COMPUTER TELEPHONY INTEGRATION
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200

=
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@ call processor,

@ gateway,

@ user terminal, and
@ applications.

Unlike a conventional PBX, no
switching element is required to
connect the voice paths. Voice traffic
is effectively switched within the
existing data network as IP packets.

A unified communications infra-
structure to the desktop allows
common delivery of voice and data
with the potential of reduced instal-
lation and maintenance costs. It also
potentially lowers the cost of telecom-
munications when connecting remote
offices. Since voice and data share
the same data network, voice can
easily be extended to a company’s
WAN. In practice the WAN would, in
most cases, have to be upgraded to
support the additional real-time
bandwidth requirements.

Other potential savings can be
realised by using speech-compression
and silence-suppression techniques,
which are normally cost-justifiable
only in international networks. Audio
compression means less bandwidth is
required to transmit voice so band-
width is used more efficiently.

All the traditional PBX features
are provided by the soft-PBX but
with the addition of multimedia
applications such as data and video
collaboration, which become much
easier to incorporate in a soft-PBX
environment and at a lower cost than
ISDN-based solutions.

Call Processor
The call processing function of a soft-

PBX provides all the necessary call
control and signalling normally
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provided by the software of a tradi-
tional PBX. The call processing
software resides on a server compu-
ter system connected to the IP
network and gives basic call handling
(for example, routing of internal and
external calls) as well as supplemen-
tary features such as call transfer
and call divert. It does not normally
process the actual speech information
itself, although exceptions to this
include applications such as voice
mail.

User Terminals

A soft-PBX user terminal is generally
based on an industry-standard
multimedia PC and special [P
telephony application software. Over
the last year, however, new types of
IP telephone have started to become
commercially available—the IP-
phone and the PC-based soft-phone,
described below.

PC-based soft-phones
Soft-phones are PC-based Internet
telephony applications which exploit
the PC’s multimedia capabilities such
as sound card, loudspeakers and
microphone. Soft-phones can provide
all the benefits of CTI applications,
the major difference being that the
soft-phone application also handles
the audio streams (voice) as well as
call control.

Soft-phones allow telephony users
to log-on and acquire access to a
company’s telephone system from
any remote site having an IP connec-
tion back to the call-processing
server.

Soft-phones should be able to
support all the features that a
conventional PBX telephone sup-
ports and, in addition, can have even
more user/system programmable
features.
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Figure 3 — Corporete voice-over-IP
trial architecture

One limitation of a PC-based client
that could affect user acceptance would
be the lower voice quality, specifically
the higher audio delays within the PC.
However, special telephony sound
cards, such as the Quicknet Phonedack,
are available which provide enhanced
audio capabilities with on-board
hardware-based speech processing, full
duplex speech and echo cancellation.
Importantly, the card provides addi-
tional connections for a regular
analogue telephone handset and
headset if required.

IP-phones

IP-phones are a relatively novel
concept appearing during 1998. The
main difference from a regular
telephone is that an IP-phone is
plugged into an office LAN, whereas
normal PBX telephones require a
separate telephone cabling system
(although it is now common practice
to use a structured cabling system for
both data and telephony).

Also, unlike a standard telephone,
an [P-based telephone can be
installed anywhere in a corporate
LAN/WAN network, while retaining
its unique identity, without requiring
a dedicated connection to the PBX.
Setting up an IP-phone is more akin
to setting up a PC’s network configu-
ration requiring host and server IP
address details.

IP Telephony Gateways
An IP telephony gateway allows IP
telephone calls to be connected with
the traditional PSTN or PBX net-
works. Gateways are also known as
PSTN-to-IP gateways or simply PIGs!

Gateways can be either digital,
connecting to the ISDN network
(basic- or primary-rate ISDN), or
analogue, connecting to regular
PSTN lines.

Gateways can also be used to
interconnect two or more PBXs via an
IP network. In this configuration the
use of voice-over-IP is a simple
replacement transport system which
does not require a separate call
processing function. Many vendors now
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provide these types of IP gateways,
described later, to perform toll-bypass
applications. In the future, PBXs will
have IP telephony line interfaces as
well as conventional line cards.

IP telephony gateways can be
used in a soft-PBX system to make
and receive calls to the PSTN or
other conventional PBX systems.

Corporate Voice-over-IP
Trial

A number of potential soft-PBX
solutions were shortlisted for BT’s
corporate VoIP trial. Requirements
for the trial system were that it
would have ISDN (primary rate)
gateways, ITU-T H.323 standards-
based PC clients and ideally IP
telephones as well as offering as
many PBX facilities as possible such
as call records.

The following paragraphs describe
the main components of the BT
corporate VoIP trial system. Figure 3
describes the architecture of the soft-
PBX system used in the trial.

Soft-PBX call manager

The soft-PBX call manager, which
runs on an NT server platform,
provided all the call processing and
remote management functions
required for the trial.

The soft-PBX server was adminis-
tered through a World Wide Web
(WWW) browser interface which
allowed remote configuration and
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management from any location
within the BT intranet.

The call manager dial plan
allowed flexible routings to be
configured for internal and external
numbers. For example: London
triallists were allocated four-figure
numbers, while other triallists were
allocated six-figure numbers. All
users were given the same internal
number as their regular telephone
number. The triallists were able to
divert all incoming calls from their
normal PBX telephone onto the soft-
PBX using a private (ex-directory)
number. Access to the PSTN and
BTNet was available by dialling 9
and 00 respectively.

Call detail records provided a
history of all calls made on this
system and this could be linked to
any billing system if required.
During the trial, in excess of 10 000
calls were made using the system.

IP telephony gateway

A number of IP telephony gateways
were connected to the Meridian PBXs
at BT Centre in London and BT
Laboratories which allowed calls to
and from the PSTN or the BT
internal telephone network.

The first gateways deployed
supported only ITU-T G.711
uncompressed voice using 64 kbit/s.
However, it is now possible to use
voice compression at 6-3 kbit/s using
the ITU-T G.723.1 recommendation,
(Note: Voice is compressed only on

British Telecommunications Engineering, Vol. 17, Jan. 1999



the IP telephony side; the PSTN is
always 64 kbit/s.)

Analogue gateways are also
available but these were not used
during the trial. These gateways are
useful for connecting to regular
analogue telephone lines or to connect
analogue devices such as answering
machines, fax machines and modems.

The gateways used were all ITU
H.323 compliant which allowed full
interoperability with other vendors’
H.323 gateways and H.323 PC client
applications.

Management of all the gateways
was controlled through the same
WWW management interface as the
call manager.

IP-phones
The IP-phone is equivalent to a PBX
feature telephone such as the Merid-
ian telephones commonly used in BT.
The main difference was that they
were connected to the office LAN
rather than a dedicated telephone
wiring network. The trial deployed up
to 50 IP-phones which gave users
desktop connectivity to the soft-PBX.
Each IP-phone required a 10baseT
LAN connection and a 48 V DC
power supply unit. All telephones
had programmable feature buttons,
hands-free facility and LCD display
that allowed the caller’s number and
name to be displayed. Each IP-phone
was configurable to use either
compressed or uncompressed speech.
Some of the telephones had LAN
repeaters that allowed the desktop

PC to be connected to the IP-phone.
This allowed a single LAN port to be
used for both the IP-phone and the
PC, although an IP address is still
required for each device.

IP addresses were allocated
statically or by using dynamic host
configuration protocol (DHCP) which
is a standard in the data network
environment for configuration and
management of networked comput-
ers. This potentially reduces in-
service costs by allowing IP-phones
to be moved and reconnected any-
where on the IP network with no
configuration changes required.

Soft-phones

The PC-based soft-phone is a low-
cost alternative to the IP-phone. The
soft-phone software was installed on
a desktop (or laptop) PC equipped
with a sound card and microphone. It
combined the feature set of the IP-
phone with a number of additional
multimedia features such as data
and videoconferencing.

The soft-phone currently supports
only ITU-T G.711 uncompressed
speech. This means that it is not yet
suitable for remote working over
dial-up connections. However, it is
hoped to have this capability avail-
able later to give real ‘road warrior’
ability for the corporate user.

H.323 telephony clients
Some users opted to use their
existing Internet telephony applica-
tions such as Microsoft NetMeeting

Figure 4—Simple toll-bypass call from a PBX telephone to another PBX telephone
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that is freely available and uses the
ITU-T H.323 recommendation for
multimedia communications. By
adding these users to the soft-PBX
system they were able to utilise their
H.323 client to initiate and receive
calls to other triallists using the IP-
phones. In addition, H.323 users
were able to use the IP telephony
gateways to make calls to the PSTN
and to receive incoming PSTN calls
using a direct dial-in (DDI) number.

Toll-bypass

Some IP telephony gateways are
employed to link traditional telephony
networks across an IP network, thus
allowing network consolidation and
potential reductions in PSTN
charges. This type of service, com-
monly known as toll-bypass, can be
used to route voice calls or even fax
calls transparently across the IP
network.

Figure 4 shows a similar toll-
bypass system which was used
during the trial for normal PBX
telephone users but under the control
of the soft-PBX call manager. Specifi-
cally BT Laboratories’ telephone
users were able to dial a unique
access code on the Martlesham
Meridian PBX to route calls to
London and then on to any UK
telephone number using the same
corporate data network (multi-
protocol router network (MPRN)).

Over 400 people at BT Laborato-
ries were invited to participate in the

BT LABORATORIES,
MARTLESHAM HEATH

PBX

IPTELEPHONY

GATEWAY NORMAL PBX

TELEPHONE
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toll-bypass service. Interestingly
none of the additional 400 triallists
were aware that it was a VoIP trial,
just a new telephone service!

Alternatively the toll-bypass service
was also available remotely by dialling
a special access number. The call was
automatically answered using a
Meridian IVR system which prompted
the user for a security number. If
correct then the user was prompted for
the required destination number. Once
entered the call was then passed to the
soft-PBX for onward routing.

By using either method the PSTN
between BT Laboratories and BT
Centre in London could be bypassed
by using the VoIP network.

Voice Quality using IP
Telephony

Three different methods were used
during the trial to determine the
voice quality of IP telephony in a
corporate environment:

@ user opinion scores,

® subjective testing in a controlled
environment, and

@® objective testing using new BT
test tools.

The first method required users to
register their opinion of the voice
quality after each IP telephone call.
This process was automated by using
specially programmed keys on the
telephone to indicate call quality
using the ITU listening scale of
Excellent, Good, Fair, Poor and Bad.
A running total was used to deter-
mine the overall opinion scores of the
triallists. Although a useful indicator,
this method was less than ideal as
the results were not obtained in a
controlled and repeatable fashion.

The subjective test facility at BT
Laboratories was used to carry out
more formal subjective testing that
was controlled and repeatable, This
involved a set of tests using real people
making VoIP calls over a number of
configurable conditions; for example,

222

different IP network conditions and
different speech coders together with
PBX, international direct dial (IDD)
and GSM digital mobile calls.

To complement these subjective
test methods, a new BT Laboratories
test tool called perceptual analysis
measurement system? (PAMS) was
also used which was able to predict
speech quality over the VoIP end-to-
end connection. The tests were
performed by injecting speech-like
signals at one end and capturing the
degraded signal at the other end. A
quality prediction was then com-
puted from a mathematical compari-
son between the original signal and
the degraded signal. The same ITU
listening scale, as with subjective
testing, was then predicted. The
results from the objective testing,
using PAMS, was then compared
with the performance of the corpo-
rate data network at any given time
of day to check for any correlation
between the data network conditions
and the predicted quality of service.

Knowledge gained from the trial, in
particular the testing discussed above,
has provided essential information
required to specify a commercially
acceptable VoIP telephony solution.

Applications

The soft-PBX provides several
interesting applications which were
investigated during the trial.

Voice mail
The voice-mail service allowed users
to record their own personalised

greetings, as with a telephone answer-

ing machine, on the soft-PBX voice
mail server. Any unanswered calls
were then forwarded to the voice mail
server which played the greeting and
recorded the caller’s voice message.
The recorded voice message was then
sent to the user’s e-mail account as a
sound file, effectively providing the
user with a unified inbox system.

Click to call directory
A simple WWW-based directory was
set up that allowed anyone to search

for a VoIP triallist and automatically
establish a call just by clicking on the
hyperlink telephone number. The
directory content was the same data
as contained within the system
configuration so was always up-to-
date and correct.

Data conferencing

With a soft-PBX, the communications
medium is no longer restricted to
voice only. Both the IP-phone and
soft-phone are able to add data
conferencing to any IP-to-IP call, on
demand, at any time during a voice
call just by pressing an appropriate
feature button. This is achieved by
the IP-phone working in parallel
with the PC-based soft-phone client.
Data conferencing tools include:

® application sharing,
@ white-boarding,

@ file transfer,

@ text chat, and

@ videoconferencing

These collaborative working tools
are useful for reviewing documents
or showing slide presentations
remotely. By adding a relatively
cheap video camera to a desktop PC,
videoconferencing becomes an
inexpensive and simple-to-use reality.
The soft-PBX now becomes a multi-
media-PBX.

CTI Support

The soft-PBX supports three types of
[P-based terminal device: [P-phones,
soft-phones and H.323 terminals.

Applications (software or hard-
ware) could be developed to make use
of the H.323 interface. However,
these would be limited to the basic
H.323 functionality; for example, call
set-up and clear down.

The IP-phones and soft-phones
use a proprietary signalling protocol
used between the soft-PBX server
and gateways and terminals (tele-

British Telecommunications Engineering, Vol. 17, Jan. 1999



phones) and provide much greater
functionality. Using this protocol, or
H.323, it would be possible to develop
CTI applications with different
graphical user interfaces (GUIs); for
example, a BT-look-and-feel applica-
tion. An alternative approach would
be to use the Microsoft Telephony
Applications Programming Interface
(TAPI).

Telephony API (TAPI)

TAPI was developed by Microsoft and
Intel and has been available for
several years.

The TAPI software architecture
allows, in theory, any TAPI applica-
tion to work with any TAPI server
provider; for example, a TAPI
compatible telephone.

Recently, TAPI 2.0 was released
which attempts to address function-
ality required in a corporate PBX
environment and comes as part of
Windows NT 4.0 platform. TAPI 2.0
is the latest iteration that is built in
to the client and server operating
systems and provides support for
third-party CTI applications'. These
applications can then work across a
number of telephony systems
including PBXs.

Potential Opportunities

Having a suitable CTI interface
would allow the basic soft-PBX
concept to be enhanced. Examples of
these ‘value add’ applications are
given below:

Internet call centres

Over the last few years, call centres
have become a key technology area
for many companies and organisa-
tions both large and small, local and
global. However, the technology to
date has been focused towards
handling purely telephone-based
customers. A trend is emerging for
these centres to be customer contact
centres where the communications
channel will extend from audio only
to include e-mail, WWW, video and
data communications, effectively a
multimedia call centre.

Example applications include the
ability for people browsing the WWW
to initiate a multimedia call to a call
centre associated with a company’s
WWW page by clicking on a caLL ME
button. The customer and the call
centre advisor can then talk and see
each other as well as exchange
information and data; for example, to
complete a mortgage application
form. One example is the ‘Call Me’
service on the BT Shop WWW site
(http://www.btshop.bt.com/).

IP-based multimedia call centres
are seen as one of the more signifi-
cant value-add applications for a
soft-PBX system.

However, there are three evolu-
tionary phases of the Internet call
centre development:

@ Internet call me back,

® VoIP breakout to existing call
centre, and

@ soft-ACD (automatic call distribu-
tor).

The Internet ‘Call Me’ function has
been demonstrated by many compa-
nies but so far all these solutions
require a second line to be available or
for a PSTN dial back to be initiated
once the Internet connection has
cleared. The former obviously is not
financially acceptable in most residen-
tial situations and the latter means
that data sharing is no longer possible.

VoIP breakout to an existing call
centre can be used to route Internet
initiated voice calls via a gateway to
a conventional circuit-switched PBX/
ACD.

Soft-ACD

A soft-ACD allows a customer
browsing the WWW to initiate a
multimedia call to a call centre
associated with a company’s WWW
page by clicking on a cALL’ button as
with the example above. However,
with a soft-ACD the customer and
the call centre advisor can, in theory,
talk over the data network using
VoIP. This is achievable only because

British Telecommunications Engineering, Vol. 17, Jan. 1999
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a soft-ACD architecture does not use
a traditional circuit switched PBX or
ACD system. Instead the VoIP is
used to provide end-to-end connectiv-
ity between the customer and the call
centre advisor that allows full
multimedia (voice, video and data)
communications.

IP-Centrex

Centrex is a network-based virtual
private network (VPN) supplied by
telcos for delivering voice services to
large corporations, often over
distributed sites. Centrex could be
looked on as being a PBX-in-the-
network’ service.

IP-Centrex is the same idea but in
this case utilises a company’s IP data
network to deliver the voice services
to the desktop. In the future, it may
no longer be necessary to have a
separate PBX on every customer’s
site. All call processing could be
achieved by the soft-PBX (IP-
Centrex) server within the provider’s
network. The VoIP trial was effec-
tively IP-Centrex with all calls
controlled by a central call processor.

With IP-Centrex, access to the
PSTN can be provided locally on
customers’ sites or centrally in the
network by the service provider. This
allows sharing of the PSTN gateway
resources and breakout of the IP
network at the most economic point
in a country or the world. This
potentially allows IP calls to bypass
normal national or even interna-
tional telephone routes. Ultimately
this could lead to the forming of
many small but flexible soft-telcos.

Web video screen telephones
A number of companies are designing
and developing advanced screen
telephone technologies which already
support IP telephony.

Target markets for screen tele-
phones include:

@ corporate multimedia desktop,
@ screen telephone for small and
medium enterprises to deliver

advanced network services, and
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@ mass-market IP telephony appli-
ance (that is, non-PC dependent).

Screen telephones could allow BT
to provide full multimedia (voice,
video and data) desktop communica-
tions and could provide high-func-
tionality easy-to-use desktop access
to all the business applications such
as e-mail, corporate directories and
mobility applications. Advanced BT
applications could also be
downloaded onto the telephone
without the need for expensive
firmware upgrades or software
upgrades to desktop PCs.

Another potential market is the
hotel business where screen tele-
phones could eventually be provided
in every room of a hotel. In theory, a
hotel guest could swipe a corporate
smart card and download corporate
computer/telephony services to a
hotel screen telephone.The real
opportunity here is not just the
terminal but the soft-PBX (or soft-
telco network) to support these new
IP-based multimedia terminals and
the network centric applications
which will be downloaded onto them.

The Future

BT has gained much knowledge and
understanding from the VoIP trial.
Work at BT Laboratories will
continue to investigate the technical
opportunities for the convergence of
voice and data networks and soft-
PBX switching architectures.

Further work will also look into
the opportunities of convergence
applications. In the future, as
bandwidth becomes plentiful, it may
be that applications generate the
substantive revenue rather than just
call minutes.
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TELECOMMUNICATIONS IN THE 21sr CENTURY

IPv6—The Next Generation

The Internet continues to
grow rapidly and
networks based on the
Internet protocol will be
the predominant
communications
networks as we move into
the 21 century.
Limitations in Version 4
of the Internet protocol
have led to the
development of a new
version of the protocol,
IPv6. This article looks in
detail at the next
generation Internet
protocol (IPv6), the issues
surrounding its
introduction, and
experimental work
conducted in BT's
Futures Testbed and the
6bone.

Internet

Introduction

Over the past 20 years, the Internet

has grown rapidly from its birthplace
in academic and US Government
networks into becoming a vital form
of communication for the next
century. Over the past three years,
there has been a gradual realisation
that networks based on the Internet
protocol (IP), will be the network-
layer protocol of choice for all future
modes of communication. Commer-
cial investment in all things IP, and
the growing promise of reliable and
predictable service levels in IP
networks, have revolutionised the
network infrastructure evolution
strategy of all the major telecommu-
nications carriers.

Currently, all IP networks use
Version 4 of the Internet protocol.
This was designed in the late 1960s
without the prior knowledge of the
eventual global ubiquity of IP. As
such, there are some non-ideal
features which, although not cata-
strophic, do hinder some of the future
design goals of IP-based services. By
far the most important of these is the
size of the address space, which
allows only a 32-bit address. This is
not enough for everyone on the
planet to be allocated a unique
address, and IP addresses have
become a rare commodity. Work-
arounds have had to be developed to
enable what is done today; for
example, network address transla-
tion (NAT), although breaking the
basic end-to-end principles of IP, is
becoming increasingly prevalent and
may lead to future problems.

To address the shortfalls, much
effort has been expended in the
Internet Engineering Task Force
(IETF) to design the next generation
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of IP, IPv6 (IPv5 was deprecated in
the 1980s). IPv6 will offer the
opportunity for a vast range of
equipment, including mobile tele-
phones, hand-held computers, TVs
and domestic appliances, to be
connected to the Internet.

The draft standard is close to
ratification and already numerous
early implementations of the protocol
are available for various host-system
platforms and router products. A
global experimental network has
been built, called the 6bone, with the
objective of evaluating early IPv6
implementations and identifying
major issues with the design and
operation of IPv6 networks.

IPv6 Header

Let us start with a comparison of the
current IPv4 header to the proposed
IPv6 version (Figure 1). A main aim
of the IPv6 developers was simplifi-
cation!, achieved by removal of all
unwanted and unused fields. The
IPv4 header contains 10 fields, two
addresses and some options. IPv6 has
reduced this to six fields and two
addresses. Some have been sup-
pressed, others renamed and two new
fields added.

Another goal was to remove the
support for options from the IP
header which necessitated recalcula-
tion of a checksum for every possible
IPv4 header type. IPv6 options were
placed after the IPv6 header and
before the data. With this the IPv6
header has become a fixed size so a
checksum field is not needed. This
also makes IPv6 headers suitable for
hardware processing owing to their
fixed size.

In detail, the IPv6 header com-
prises the following fields*:
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Figure 1—IPv4 and IPv6 headers

® Version, a 4 bit field which identi-
fies the version of the IP header.

® Traffic class, an 8 bit field that is
used for distinguishing between
different classes or priorities of
IPv6 packets. Experiments are
being conducted to establish the
best way these bits can be used to
offer various forms of differenti-
ated service for IP packets.

® Flow label, a 20 bit field that will
be used to identify a flow of IP
packets from a source to the same
destination.

® Payload length, a 16 bit field that
indicates the length of the IPv6
payload following the header.

® Next header, an 8 bit field that
identifies the type of header
immediately following the IPv6
header. IPv6 uses the same values
as IPv4; for example, UDP or TCP.

® Hop limit, an 8 bit field whose
value is decreased by one for each
router the IP packet is passed
through. If the hop limit value
reaches zero the IP packet is
discarded.

® Source address, a 128 bit field
that represents the source address
of the IPv6 packet.

® Destination address, a 128 bit
field that represents the destina-
tion address of the IPv6 packet.

The new IP header brings changes
to the way intranets and the Internet
can work. The new functionality that
IPv6 introduces falls into four main
areas:

@ increased address space,

@ plug and play,

® quality of service (QoS) and flow
labelling capabilities, and

@ security.
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Increased address space service provider, configuration methods
The Internet has experienced can be twrned on and off for complete
exponential growth over the last control, and all are an integral part of
10 years which has led to predictions any IPv6 implementation.
of the IPv4 address space running [Pv6 allows hosts automatically to
out in the future, especially with configure themselves using a protocol
visions of domestic equipment such called neighbour discovery. Hosts or
as refrigerators, washing machines, routers using this protocol can
televisions, mobile telephones and determine the addresses for neigh-
hand-held computers containing an bours connected to the same network,
IP addvress. decide whether addresses are valid or
[Pv4 addresses are based on a even discover a router that is willing
32 bit word which, in theory, gives to forward packets.
IPv4 over 4 billion addresses. IPv6 There are two main configuration
increases the address space in the mechanisms, called stateless and
IP header to 128 bits to give the stateful.
possibility of 4 billion x 4 billion x Stateless autoconfiguration allows
4 billion x IPv4 address space. IPv6 hosts to configure themselves
This new address also allows for using the in-built multicast capabili-
improvements in the routing struc- ties of IPv6 and is achieved by the
ture of IP packets. host joining a multicast group that
identifies all routers on the local
Plug and play network. The router on the network
IPv6 expands the basic IPv4 specifica- sees the new host and sends the host
tion of one IP address per computer to the network prefix for the link. By
multiple addresses which can be using this prefix and the host’s own
dynamically changed. IPv6 addresses Ethernet address, the host can build
can update themselves as you change up a unique 128 bit IPv6 address.

IPv6 Address Notation

IPv6 addresses are represented by eight 16 bit integers separated by colons.
Each integer is displayed as four hexadecimal figures. All eight blocks go to
make up the 128 bits of the I[Pv6 address.

Example of an IPv6 address
3FFE:2C00:0000:0000:0004:0369:34DE:98FA

IPv6 addresses can suppress leading zeros in each hexadecimal block. A
double-colon convention can also be used once to represent a set of consecutive

zeros. By using these shortcuts, the same IPv6 address can be represented as:

3FFE:2C00::4:369:34DE:98FA
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Stateful configuration in [Pv6 is a
version of the IPv4 dynamic host
configuration protocol (DHCP).
DHCP is a client/server protocol that
allows hosts to query DHCP servers
for configuration parameters. The
DHCP server then returns a valid
IPv6 address to the host. DHCPv6 is
different from DHCPv4 in that it
allows multiple addresses to be
assigned to a network card.

Another mode of operation is
useful at the link level. When the
computer is turned on, the interface
associated with the computer
initialises an IPv6 address known as
a link local address. These link local
addresses are available only on the
local network and are used to
communicate with other link local
nodes. They are also used by both
autoconfiguration methods to obtain
a unique address for routed net-
works.

Quality of service (QoS) and
flow labelling capabilities
IPv6 will support quality of service
and flows to support real-time IP
traffic such as video streams. When
the original IP was designed in the
late 1960s no one envisaged watching
videos on a PC. Now this is possible,
and currently, [IPv4 is being used to
deliver some of these pictures with
no inherent QoS mechanisms, which
results in picture break up or loss of
sound on congested links.

IPv6 has been designed to support
‘real-time’ traffic through the use of
two fields called the traffic class field
and the flow label field. These will be
used to minimise the delay and delay
variation of the IP packets.

The traffic class field will be used
to assign different values to types of
IP data, so video traffic could be
assigned a value 1 and e-mail value
8, the lower values giving greater
priority.

The flow label field can be used to
identify a stream of IPv6 packets
with the same destination and source
address. By assigning a value to the
flow of a video stream, a router will
build up a table of the IPv6 flow

labels and destination addresses. In
processing subsequent packets with
the same flow label, a router simply
forwards the IPv6 packet.

Use of both these fields is still
under discussion and in experimenta-
tion within the IETF and academic
community. This topic is currently
very relevant to the IPv4 world
within the differential services
approach to network QoS.

Security

Security is always a major concern
to people using the Internet but
[Pv4 does not contain any security
features. The designers of the new
IP protocol decided that IPv6 should
contain some inherent form of
security, so a separate working
group in the IETF has been defining
IP-level authentication and
encryption procedures that will be
common to IPv4 and IPv6. The
results of this will be that IP
security will be retrofitted to IPv4,
whereas they will be present from
the start in all IPv6 products. The
fact that security will be standard
could be a key incentive for the
adoption of IPv6.

The IPv6 specification has
described two forms of security,
which are the authentication header
(AH) and the encrypted security
payload (ESP).

The authentication header is used
to ensure that the IP packet has not
been altered during transmission and
is achieved by a procedure that
informs the recipient of a packet it
has been sent by an authentic source
address.

The encrypted security payload
guarantees that only legitimate
receivers will be able to read the
content of the packet. This is
achieved by encrypting the IP packet
data using a key known only by the
sending and receiving hosts. This key
is then used by the destination host
to decipher the IP packet; any
hackers capturing the encrypted
packets while they are transmitted
will be unable to view the data
contained in the IP packet.
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Addressing Structure

IPv4 addressing is ‘flat’ by nature. This
means that IPv4 networks are not
grouped together by organisational or
geographic location. An organisation
may use several different Class B and
C networks spread across a wide area.
With this mix of different network
addresses used round the globe, every
network address has to be advertised
in the default-free routing tree.

IPv6’s 128 bits allows for a new
addressing structure® to be designed
to solve the problems with IPv4. IPv6
enables a hierarchical addressing
scheme, which will improve both
routing efficiency and administration
of the Internet.

The IPv6 address structure
introduces a new topology which
separates the public topology from the
local site topology. This clear defini-
tion between topologies will allow
individual sites to move Internet
service providers (ISPs) without the
need to renumber their internal
networks. Two or more service
providers can also be connected to any
site. Such a multi-homed site can then
decide which connection they want to
use and when—a new service concept
not currently possible with IPv4.

To understand these features
fully, an appreciation of the structure
of the IPv6 address format is needed.

IPv6 addresses are basically
larger versions of IPv4 addresses; in
any IP address, a portion of the
address identifies a network and the
other portion identifies the host
connected to the network.

IPv4 addresses were originally
split into three classes, known as A, B
and C. These classes represented the
number of bits fixed in the address
and identified the network portion of
the IP address. These classes were
later superseded by a more flexible
method of dividing up the IPv4
address space, known as classless
inter-domain routing (CIDR).

IPv6 unicast address format
The IPv6 unicast address format is
divided into six fields*, each repre-
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Figure 2—I1PV6 unicast address
format

senting a specific part of the [Pv6
address. The addresses are also
organised into a three-level hierar-
chy. Figure 2 shows the 128 bits of
the IPv6 address format.

The format prefix (FP) identifies
the type of IPv6 address used and is
specified by the leading bits in the
address, which can be of a variable
length. See separate panel on
‘Assigned Address Blocks'.

The top-level aggregation (TLA)
identifier identifies the top level in
the routing hierarchy. Routers
assigned a TLA interconnect to other
TLA routers to form the default-free
routing tree.

The next-level aggregation (NLA)
identifiers are used by organisations
assigned a TLA identifier to create
an addressing hierarchy and to
identify sites. The NLA identifier
space can be divided up to create an
addressing hierarchy appropriate to
its network; the remainder of the
NLA space is then used to identify
sites.

The site-level aggregation (SLA)
identifiers are used by an individual
organisation to create a local

Assigned Address Blocks

3 13 8 24 16 64 BITS
TLA NLA SLA
FP | \oentiFien | RES IDENTIFIER DEiTEIER INTERFACE IDENTIFIER
PUBLIC TOPOLOGY SIE INTERFACE IDENTIFIER
TOPOLOGY

THE FIELDS ARE DESCRIBED AS FOLLOWS:

FP: FORMAT PREFIX. IDENTIFIES THE TYPE OF |Pv6 ADDRESS
TLA: TOP-LEVEL AGGREGATIDN, WILL BE USED BYTHE BACKBONE ROUTER
RES: RESERVED FOR FUTURE EXPANSION
NLA: NEXT-LEVEL AGGREGATION
SLA: SITE-LEVEL AGGREGATION
INTERFACE: INTERFACE OF HOST; FOR EXAMPLE, ETHERNET CAROQ

addressing hierarchy and to identify

subnets. The 16 bit SLA identifier
field supports 65 535 individual
subnets (put in context, this is
equivalent to the number of hosts
addressable by an IPv4 Class B
address block).

Interface identifiers are used to

identify interfaces on a link, and are
required to be 64 bits. These identifi-

ers are required to be unique on the
link, and usually based on the
interface’s link layer address. The
interface identifiers used in the
global address format are con-
structed using the IEEE EUI-64
format.,

The above address structure
describes the format for the global
unicast addresses format, which
accounts for only one-eighth of the
total IPv6 address space. The
remaining address space is mostly
unassigned.

The format prefix (FP) identifies the type of IPv6 addresses used and is
specified by the leading bits in the address, which can be of a variable
length. Currently, only four types of address are assigned, and three
reserved. The table shows the different address types currently defined*.

Allocation Prefix(binary) Fraction of
address space

Reserved 0000 0000 1/256

Reserved for NSAP allocation 0000 001 1/128

Reserved for IPX allocation 0000010 1/128

Aggregatable global unicast addresses 001 1/8

Link-local unicast addresses 1111111010 1/1024

Sitelocal unicast addresses AARERARA NG 1/1024

Multicast addresses 1111 1111 1/256

228

Address formats

Address formats in IPv6 are used for
different purposes depending on the
circumstances in which the IPv6 host
is placed. The main formats are
described below.

® Unicast addresses are used by
hosts to send information to the
destination address specified in
the IP header.

® Multicast addresses identify a
group of destinations; information
sent to a multicast group is
delivered to all members within
the group.

® Anycast addresses also identify a
group of destinations. However,
this process differs from
multicast—instead of being sent
to all members of the group the
packet is sent to only one point,
this point being the nearest
member of the group.

® Site local addresses are used for
addressing inside a site without
the need for a global prefix.
Routers must not forward any
packets with site-level source or
destination addresses outside the
site.

® Link local addresses are used for
addressing on a single link for
purposes such as auto-address
configuration, neighbour discov-
ery, or when no routers are
present.

IPv6 global unicast address
structure

The new global unicast address
structure will be the main way IPv6
hosts connect to the Internet. The
address format supports both the
current provider-based aggregation
and a new type of exchange-based
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Figure 3—IPv6 unicast address
structure

aggregation. Figure 3 shows how
current long-haul providers will
co-exist with the new IP exchanges. IP
exchanges will be able to allocate IPv6
addresses to providers and sites, and
by doing this an organisation will be
independent from any single long-haul
provider. Connecting to the Internet in
this way an organisation will be able to
change long-haul providers without
having to renumber their site. A site
can also be multihomed via the
exchange to more than one long-haul
provider without the need to have
address prefixes from each long-haul
provider. This new address format
introduces number portability which is
not present with IPv4,

6bone

Research on IPv6 has been under-
taken by the various working groups
in the IETF, universities and leading-
edge companies interested in the new
version of IP. To make sure that IPv6
would be operational on the scale of
the Internet an IPv6 test network,
called the 6bone, has been setup by
the IETF.

The objective of the 6bone is to
gain practical experience using early
implementations of various IPv6
technologies. The information gained
from this test network will go to form
a set of documents detailing various
mechanisms and procedures, ranging
from advice on transition to native
IPv6, sharing operational experience
and maintenance of the global IPv6
default-free routing tree.

The 6bone was created in Janu-
ary 1996 by a few teams of IPv6
implementers who needed to test
interoperability between their
prototype systems. Because there
was no IPv6 infrastructure in place
to connect these sites, a method
called tunnelling was used instead.
Tunnelling involves using the
existing IPv4 Internet to define two
points over which IPv6 packets will
be transmitted, the IPv6 packets are
encapsulated into IPv4 and transmit-
ted between these two points.

The 6bone is used:

TELECOMMUNICATIONS IN THE 21st CENTURY

LONG-HAUL LONG-HAUL
| PROVIDER1 PROVIDER 2
IP P =
EXCHANGE EXCHANGE |
LONG-HAUL LONG-HAUL
PROVIDER 3 PROVIDER 4
LOCAL LOCAL
@ SITEB PROVIDER PROVIDER

@ for testing new host and router
implementations;

® for testing routing protocols such
as RIPng and BGP4+;

@ for developing new address
allocation and management
procedures; and

® for evaluating the new functional-
ity of IPv6, such as the support for
security and real-time information
flows.

The fact that there are now over
332 sites across 39 countries con-
nected to the 6bone proves that many
interested parties are involved in

Figure 4—6bone backbone®

@ SITEE

IPv6. These parties range from the
end host companies such as
Microsoft, router vendors like Cisco,
to telecommunication research
laboratories, ISPs and universities.

Out of the 332 sites connected to the
6bone, 51 are acting as backbone sites.
Backbone sites are interconnected by
tunnels to form the default-free routing
tables using a protocol called Border
Gateway Protocol 4+ (BGP4+). This
new version of BGP for IPv6 is used for
routing the aggregatable global IPv6
unicast packets. All routers within the
backbone must contain an entry in
their routing tables for every other
backbone site. Figure 4 shows the
backbone routers on the 6bone and
their interconnections.
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Figure 5—BT Leboretories Futures
Testbed 1Pv6 network

BT Laboratories Futures
Testhed IPv6 site

Several research groups within BT
Laboratories are actively involved
with IPv6, ranging from IETF
standards participation to acting as a
backbone site on the 6bone. The
Futures Testbed within BT Laborato-
ries not only runs an advanced IP
network to 1400 nodes across the
site, but also runs an experimental
laboratory looking at emerging IP
technologies such as IPv6.

The Futures Testbed started work on
IPv6 in January 1997, by first joining
the 6bone using a single host. Since
then the site has been developed into an
IPv6 intranet (which interworks with
the IPv4 testbed) and become a
backbone site within the 6bone. The
IPv6 intranet is a unique testing ground
for various vendor networking and
application implementations using
[Pv6. The purpose of the work carried
out within this group is to gain
practical experience in running an IPv6
network, to participate in the global
effort evaluating [Pv6 and to inform the
business and raise awareness of IPv6.

The BT Laboratories Futures
Testbed IPv6 site, as shown in
Figure 5, consists of three experimen-
tal routers, with various end host
implementations. The site tests the
new auto-configuration methods of
IPv6 and the interoperability of
different implementations, as well as
looking at the performance of IPv6
routing. This work is very important
to BT as it gives early insight to the
new protocol and its functionality, the
advantages and disadvantages.

Applications that work on IPv6
are the basic applications that built
the original Internet, such as telnet,
ftp, ping, finger, sendmail, dns and
tftp. Work is also being undertaken
by collaborators such as Lancaster
University who are looking at
advanced applications that make use
of the QoS functionality of IPv6.

Transitioning to IPv6

To aid the transition from IPv4, it
has been proposed that an IPv6
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Internet will be deployed in parallel
with the existing IPv4 Internet. A
dual-stack strategy will be used
where host computers contain both
the IPv4 and IPv6 stack, and applica-
tions using the Internet will decide
what IP protocol to use based on
information provided by the domain
name service (DNS).

The DNS system provides an easy
way of mapping Internet addresses to
IP numbers; for example,
www.b29net.bt.co.uk refers to IPv4
address 132.146.239.148. A dual-
stack host will have several records
in the DNS server, one A record for
each IPv4 address and one AAAA
record for each IPv6 address. The
DNS system will have to be updated
in order to handle the AAAA records.

The transition period may take
some years as organisations and
users plan the upgrade of equipment
and end host systems. One has to
consider that eventually [Pv6-only
hosts will be deployed, with no IPv4
connectivity. In such cases some form
of network address translation (NAT)
will have to be placed in the IPv6
network to enable IPv4 networks to
be accessed.

The NAT could be done by an
IPv4-capable IPv6 router; the router
would translate the data in the IPv6
packet to an IPv4 packet, with the
IPv4 address being allocated from a
pool of addresses stored in the router.
When the IPv4 packet is returned to

NETWORK

HIGH-SPEED
BACKBONE

@ IPv4/iPv6 HOST

the router, the data is placed in an
IPv6 packet addressed to the IPv6
host. This process does have its
drawbacks as each IPv6 packet has
to be translated thus reducing the
speed of communications and each
NAT used would require a block of
IPv4 addresses. One possible sce-
nario could be that a company could
change its intranet over to IPv6 only
for its internal communications,
making use of the increased function-
ality of IPv6, and using the IPv4
addresses it has freed up by doing
this for its NAT routers. Then any
communication outside its network to
an IPv4 computer would be possible.

@ ROUTER

The Road to IPv6

With all the perceived advantages of
IPv6, one may ask why the world has
not deployed it already. This is one of
the key questions facing the Internet
development community and it is a
source of deep division. The problems
of address shortage and flat address-
ing hierarchy are the areas of highest
impact for IPv6. However, much
effort has been expended to improve
the existing IPv4 schema to encour-
age efficiency and scalability of
backbone routing (by using an
aggregation scheme called CIDR),
and to minimise the need for public
Internet address space (by using
network address translation at the
edge of the provider network). Many
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people now believe IPv6 will not be
needed for the foreseeable future.
Furthermore, why would anyone
consider going through the complex-
ity of the migration process when it
is not readily facilitated? There are
also other major concerns. Firstly, all
today’s applications must be rewrit-
ten for IPv6. Secondly, current IP
network technology is built for IPv4,
and much performance optimisation
is required for high transport
efficiency of IPv6 packets. Finally,
current operational support systems
will have to be changed to allow
support of the new features.

These factors have a major impact
on the adoption timescale for IPv6.
There is still a very long way to go
with IPv4. At some point, driven by
the ultimate need for global ubiquity
of IP in all manner of everyday
machinery, a gradual realisation of
ease of deployment may develop and
begin to drive the creation of IPv6
networks.

Until then, watch this space. The
IP world is changing dramatically
and there are major battles ahead.
Strong market drive from particular
segments and the increasing develop-
ment of a whole range of novel IP
functional services can radically alter
industry perception in a very rapid
timeframe.

Conclusion

IPv6 has obvious advantages. It scales
to global uniqueness. It has significant
support. But, from an economic and
management cost viewpoint, will it
ever be feasible to migrate to IPv6?
This is the big question. It would not
be possible or desirable to arrange a
single day when people switch over to
[Pv6—an evolutionary approach is
mandatory and the method of achiev-
ing this is the subject of much debate
within the IP community. An alterna-
tive question may be more apt; ‘What
are the disadvantages if we don’t
move to [Pv6? A clear view of this is a
key objective for the decision to
migrate for any major carrier, ISP and
large company.

Acknowledgements

The authors thank David W. Smith
and Steve Sim for their comments
when this article was being written.

References

1 HuitemAL, CHristiaN. IPv6 The
New Internet Protocol (second
edition), 1998, p. 11.

2 DEERING, S. and HINDEN, R.
Internet Protocol, Version (IPv6)
Specification. IETF draft-ietf-

ipngwg-ipv6-spec-v2-02.txt, 6 Aug.

1998.

3 HinpEN, R.; and DEERING, S. IP

version 6 Addressing Architecture.

IETF RFC 23173, July 1998.

4 Hmpen, R.; O’'DELL, M.; DEERING, S.
An IPv6 Aggregatable Global
Unicast Address Format. IETF
RFC 2374, July 1998, section 3.1.

5 http://www.6bone.net/6bone-
backbone.html

Glossary

BGP Border gateway protocol
CIDR C(lassless inter-domain
routing

DNS Domain name service

FP Format prefix

IETF Internet Engineering Task
Force

Interface Interface of host; for
example, Ethernet card

IP Internet protocol

IPv4 Internet Protocol Version 4
IPv6 Internet Protocol Version 6
ISP Internet service provider
NAT Network address translation
NLA Next-level aggregation
RES Reserved

RIP Route information protocol
SLA Site-level aggregation
TCP Transmission control protocol
TLA Top-level aggregation

UDP User datagram protocol

British Telecommunications Engineering, Vol. 17, Jan, 1999

TELECOMMUNICATIONS IN THE 21sr CENTURY

Biographies

Stuart Prevost
BT Networks and
Information Systems

Stuart Prevost joined BT as a
Trainee Technician Apprentice at BT
Laboratories in 1987. He has spent
most of his career in the Optics
Research Division. His early work
involved providing technical support
for the team that developed the
erbium-doped fibre amplifier, and
later an optical neural network. After
this he moved onto managing the
unit’s computer servers and joined
the Futures Testbed in 1997. His
present responsibilities include
managing BT’s IPv6 6bone site,
evaluation of IPv6 and investigating
novel networking technologies.

Tony Dann
BT Networks and
Information Systems

Tony Dann works within the Futures
Testbed Group at BT Laboratories.
He is leader of the Advanced IP
Platform Technology team involved
in the practical evaluation of new
networking concepts such as high-
speed routing, IPv6 and IP QoS. He
holds a Ph.D. (University of Notting-
ham) and has held a Royal Society
Fellowship for his work in Japan
prior to joining BT.

231



TELECOMMUNICATIONS IN THE 21st CENTURY

John Wittgreffe

A Platform for Electronic
Commerce Service Trials

Electronic commerce
technology is evolving
rapidly, with many vendors
spurred on by the prospect of
a multibillion pound market
in the new century. To keep
abreast of developments, BT
Laboratories has created an
electronic commerce trials
platform, incorporating some
of the latest e-commerce
components. The platform
enables rapid development of
new e-commerce services by
reusing the core e-commerce
component set. Customer
trials of new services can
then be performed over the
platform’s live area, which
uses a range of networks to
reach consumers and
business customers. This
compelling combination of
advanced technology, rapid
development, and the ability
to deliver live trials, is
helping BT to craft its new

e-cominerce seruices.
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Introduction

BT Laboratories’ electronic commerce
trials platform was conceived in
1995, with the goal of becoming a
world-class platform in its field. By
early 1996 the platform had already
delivered the UK’s first Internet
gateway for processing credit card
payments, bridging the link between
a merchant’s Web site and the
acquirer. Since then the platform has
been among the first in the UK to
introduce a series of new e-commerce
technologies, from advanced payment
services, to on-line catalogues for the
Internet, to more futuristic compo-
nents such as intelligent trading
agents.

New services can be configured
rapidly by re-using the platform’s
functionality components, which are
available on an internal testbed for
development and experimentation.
Finished applications are then put to
the test in formal customer trials,
using a separate high-specification
operational platform. The platform
now plays host to around 10-15 trials
at any time, and is helping deliver
some of BT’s most innovative new
products in e-commerce. The plat-
form has claimed many recent
successes, including on-line shopping
in London with The Food Ferry, the
BT Argent micro-billing service, and
on-line payments for Wireplay.

This article gives an overview of
the platform, including a discussion
on the type of trials supported, and a
summary of the platform’s technical
infrastructure.

A Selection of Trials

=== = === e

Trials on the e-commerce trials
platform are varied in nature,

ranging from new payment services,
to novel Internet stores, to on-line
catalogues for business procure-
ments. The most convenient way to
classify these trials is in terms of
business aims rather than technol-
ogy, where two distinct types
emerge:

@ a customer trial of a new
e-commerce application or service,
with a view to downstreaming to a
product within one year, and

@ a technology trial aimed at
proving a more futuristic capabil-
ity in advance of the market.

In our definition, a customer trial
operates a prototype service in the
marketplace and may include
anything up to 1000 users, usually
working in partnership with one or
more businesses in the target sector.
The trial may have a presence in the
public eye and is intended to directly
precede a product launch. By con-
trast a technology trial is relatively
low key, available only to BT and
collaborating organisations. The
operational considerations for both
types differ considerably, where the
former requires a high operational
specification, 24 hour support, and
demands that all appropriate checks
are in place for legal, regulatory, and
intellectual property issues. By
contrast, the latter primarily
requires an advanced ‘live’ environ-
ment for putting state-of-the-art
commerce technology through its
paces.

To examine the formula for a
successful trial in each case, it is
appropriate to consider typical
examples. For this article the Food
Ferry customer trial and the three-
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dimensional retail technology trial
have been chosen. Within a few
years, services similar to these are
likely to be commonplace, both over
the Internet and digital TV.

The Food Ferry service is an on-
line supermarket trial operating over
the Internet, running in the London
area in 1998/99. Groceries are
selected and ordered over the
Internet (see Figure 1) using a high-
end store system and are then
delivered to the door by The Food
Ferry. Before the trial, The Food
Ferry already had an existing core
delivery business operating using a
paper catalogue and more recently a
CD catalogue. The Food Ferry had a
dedication to reaping the benefits of
new technology and could work with
BT daily on requirements. This
combination made Food Ferry the
ideal choice of partner for the initial
trial. The location of the business was
good from a market perspective,
where the professional nature of the
London clientele had potential for a
high take up of the service, to provide
a sizeable customer base for the trial.

Using the platform’s capabilities,
the application itself was designed
and developed in just three months.
With a development emphasis on
reuse of scaleable components, an
existing catalogue database and an
existing payment component were
applied from the platform’s portfolio.
Further to this, a number of new
components were developed for the
new ‘supermarket’ application,
including a flexible shopping basket,
a new customer-handling component,
and a component to aid back-end
integration to a stock-control system.
The development emphasis was
primarily on ease of use in the
marketplace and speed of operation.
The trial was launched quickly. Once
tested, the application could be
moved directly from the trials
platform’s development area to the
live area, where it was then available
to the public and included within the
24 hour operational support.

From a market perspective,
customers were phased in using
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Figure 1—A typical screen from Food Ferry, BT's ‘supermarket on the Internet’

trial

groups of 30, then groups of 50,
approximately weekly, to manage
carefully any early operational
problems. The Food Ferry handled
first-line support, and the trials
platform team handled second- and
third-line support. The service has
since proved highly popular with
customers where The Food Ferry now
complete around 10% of business on-
line. During the trial, the platform’s
datamining techniques were used to
evaluate the trial’s strengths and
weaknesses. This showed that the
average on-line order was greater
than the average paper catalogue
order, and that customers stuck to
the system with regular orders. The
service has now been downstreamed
to BT Syncordia who are using this
in product solutions for a number of
corporate clients.

Other customer trials live at
present include the Argent micro-
billing trial; Wireplay payments;
Pro-Search, a business information
agent working with British Gas;
ProSum, a pay-per-usage document
summariser; and the BT Labs Shop.
Trials recently completed include
BT PropNet, an on-line estate
agency, the WEFAS on-line classified
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advertising service, and a pay-as-
you-go text->phone messaging
service.

The second category of trial
focuses on proving technology, rather
than market acceptance. Components
are typically more futuristic, possibly
more error prone, and may not be in
the public eye. For this reason
hardware, servers, and components
for technology trials are ring fenced
from those for customer trials which
require a higher quality of operation.
The three-dimensional retail trial is
one such example. The main purpose
of this trial is to prove the use of
three-dimensional catalogues in
home shopping. For example, if you
wish to furnish your home, the
system allows you to select furniture
from a catalogue on-line, drop this
into a three-dimensional view of your
target room, decorate your room to
taste with carpets, wallpaper, paint,
etc. and then walk around your room
to view the full effect from all angles.
In this case, one retailer was chosen
to give the content due realism,
namely Laura Ashley. The develop-
ment team worked rapidly with
Laura Ashley and with a specialist
contractor CBL to create the new
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Figure 2—Three-dimensional on-line
catalogue

three-dimensional components that
would appeal to the retail clientele
(see Figure 2). Existing components
from the platform were applied to
help construct the on-line catalogue.
After initial system testing, the
service was made live to a limited
number of customers from a cross-
section of backgrounds. The key
objective was to prove the usability of
the new three-dimensional catalogue
technology, before taking the technol-
ogy to market. This trial is currently
ongoing. Following this technology
trial stage, the service may now go
onto customer trial with a number of
retailers.

Technology trials are not always
intended to test user acceptance. By
contrast, another technology trial
ongoing at present is the European
FACTS commerce task, where
intelligent trading agents are being
developed between collaborators BT,
CNET/ONERA, KPN, and
Broadcom. In this case a live trial is
ongoing to prove a new European
agent-agent negotiation standard,
rather than a software technology.
Here buyer and seller agents are
employed to barter on price and
conditions for business travel
arrangements. An electronic travel
agent works with various supplier
agents to construct the best itiner-
ary for travel based on convenience
and cost. The output from the trial
will be improvements to the agent
negotiation standard, with a target
of obtaining a specification suitable
for products.

Component Architecture

The e-commerce trials platform uses
a component architecture to facilitate
rapid and low-cost service develop-
ment. These components are essen-
tially building blocks of e-commerce
functionality, used to support the
different business processes in the
e-commerce value chain. For each
new application, the appropriate
building blocks are selected and
configured as required. For example,
a new on-line store may require a
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component to display an on-line
catalogue, a shopping basket compo-
nent, a component for ordering goods,
a component for payment by VISA,
plus a component to assist with back-
end integration. By contrast, an
on-line game may require only an
on-line micro-payment facility for
pay-as-you go, where the game’s
functionality is outside the scope of
the platform.

The platform’s components have
been developed by four different BT
development teams around the globe.
The components incorporate both
home-grown solutions and sub-
components from eternal suppliers
including Oracle, Netscape,
Microsoft, and OMI.

An overview of the component
architecture is shown in Figure 3.

To assist understanding, the
commerce value chain is shown at
the top of the diagram. From left to
right, this includes pre-sales,
sourcing, order placing, supply chain
management, settlement, and post
sales, with business ‘collaboration’
shown as the larger box encompass-
ing every stage. The e-commerce
components used on the trials
platform are shown below, where the
horizontal extent of the box indicates
the approximate extent of the
component in its support of the value
chain. Bold text indicates that the
components exist on the trials
platform already, whereas plain text
indicates that the component is
under development on the internal
testbed.

The ‘payment’ area of the value
chain has been subject to the most
development over the past two years.
Payment services on-line now include
VISA and MASTERCARD payments
of £3 and over, a micropayment token
facility for pay-as-you-go at less than
10p per unit, a small payments
facility for sums between 10p and £3,
and a micro-billing facility to allow
accumulation of small payments to be
resolved monthly by VISA. Each of
these was developed at BT, initially in
ART, and has since been down-
streamed to a range of products
including ARGENT (microbilling) and
Wireplay. Other developments include
cash on a smart card (Mondex)
payment systems, and a global token
exchange for monetary conversion
between different kinds of electronic
cash or tokens.

Components for ‘ordering’ and
‘supply-chain management’ include
comprehensive on-line catalogue
and storefront capabilities, with
solutions of differing scale for
small-to-medium enterprises
(SMEs) and corporates. Additional
components include an electronic
data interchange (EDI) gateway,
certification services, and capability
to aid integration with legacy
systems.

More futuristic components tend
to be in the ‘pre-sales’ and ‘sourcing’
areas, where there is an increasing
focus on the capabilities of intelli-
gent agents for commerce. To this
end, BT’s award-winning Zeus
platform is being incorporated,
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Figure 3— Component architecture of the e-commerce trials platform

where commerce agents are being
developed to perform product
finding, buying, and selling tasks.
For example, an agent is already
available to assist a buyer to find
and select products from different
competing suppliers. This agent was
put to the test recently in the
PropNet trial, where business
accommodation could be selected
from a range of competing on-line
vendors, covering a combined
portfolio of 10 000 properties. In
addition, trading agents are already
being used in the MATE trial, where
agents act on behalf of buyers and
sellers to automate the negotiation
process within specified parameters
and rules. This automation empow-
ers even the smallest trader to
negotiate between a largely in-
creased number of traders, looking

to obtain the most suitable deal. For
more information on commerce
agents, see the related article in this
issue of the Journal by Martin
Owent.

The collaboration area extends
the platform from e-commerce to the
broader context of e-business, with a
variety of components to assist
businesses in human communication
during transactions. Messaging
systems are largely organisation
and application dependent; however,
a core capability is provided to
complement existing mail and

1t OwEeN, MARTIN; and NUNEZ
SUAREZ, JOrGE. Agent-Based Solutions
for E-Commerce. Br. Telecommun.
Eng., Jan. 1999, 17 (this issue).
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intranet capabilities. Examples
include linkage to an interactive
voice response (IVR) platform so
that a voice interface can be used to
access e-commerce systems over
normal telephone lines, expanding
use to those who have no data
networking.

Physical View

Key to the success of the platform is
a high specification infrastructure of
servers and networks, with 24 hour
operational support. This ensures
that trials can be operated at a high
quality of service, while significantly
reducing costs by sharing both
operational support teams and
infrastructure.

The simplified view of the
e-commerce trials platform’s physical
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Figure 4 —Physical overview of
e-commerce trials platform

structure is shown in Figure 4. All
services first go through the ‘internal
testbed’ shown left, used for system
development, integration, and
testing. This ensures that only those
applications and components meeting
certain robustness criteria go live.
The network labelled ‘LAN 1’ is used
for hosting live trials, including
optimised servers for databases,
WWW servers, networked commerce
components, and e-commerce applica-
tions. The network labelled ‘LAN 2’
includes a range of back-end servers
which allow secure connection to
financial services via X.25, and a
number of voice and messaging
platforms operating via ISDN and
PSTN. All access by the public over
the Internet is protected by a
firewall. The robustness of the
platform is ensured using a compre-
hensive alarm and monitoring
system, which detects problems and
attempts to resolve any failure
automatically, and if appropriate
calling 24 hour support staff by
mobile telephone.

A range of high-specification
UNIX and NT platforms is employed,
including Solaris Enterprise
450 servers incorporating UNIX on
RAIDS5, and multi-processor Compaq
4000 servers for NT. Services are
made live by a range of IP and non-
IP networks including 2 Mbit/s
Internet, X.25, ISDN30. Web servers
include Netscape Enterprise, Oracle
Web Application Server, and OMI
secure server, database servers
include Oracle 8.0.4 with OFA for
additional file protection. Physical
components span software languages
C, C++, Java, P1/SQL, Perl; Web
protocols HTML, HTTPS, XML, CGI,
Servlets, ActiveX, CORBA ORB; web
servers Oracle, Netscape, OMI, and
Microsoft. The MAP servers provide
text-to-voice messaging and audio
conferencing over IP. The IVR
platform enables access to commerce
functionality using voice or tone
commands over any telephone.

This variety ensures that the
maximum flexibility is provided in
configuring and operating new trials.
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Not only is there a choice in function-
ality, there is also a choice in imple-
mentation dependent on the target
end customer and the business unit
that will support the customer.

Conclusions

The electronic commerce trials
platform will continue to play a key
role in the development and testing
of BT’s e-commerce product portfolio
over the next two years, where the
platform provides early access to
state-of-the-art e-commerce function-
ality. Moreover, the combination of
component architecture and shared
resource enables the multiple
benefits of reduced time to trial,
reduced development costs, and
reduced costs for operation of a trial.
The flexible approach from both a
technical and business sense ensures
that BT has the ability to experiment
and craft the right combination of
infrastructure and functionality for
e-commerce.

A selection of the latest public
trials to go live on the platform are
accessible from a central Web page
called TranSend, at: http:/
transend.labs.bt.com
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Martin Owen and Jorge Nifiez Sudrez

Agent-Based Solutions for
E-Commerce

Agent technology is
emerging as a major
software engineering
paradigm for the 21

century. BT has played a
major role in developing
tools for agent-based
solutions. This article
examines how agents can
be applied to the domain
of electronic commerce.
The principal benefits
and issues are outlined
and viewed from the
perspective of the end
user, businesses and

developers.

Introduction

The pace of technological change is
speeding up. Nowhere is this more
evident than in the arena of elec-
tronic commerce. Within the next
three years, it is forecast that there
will be a five-fold increase in UK
e-commerce activity'.

The trading environments offered
by electronic commerce will be radi-
cally different from the traditional
market models in existence today.
Users in this new rapidly changing
market will require ever more sophisti-
cated services to assist them. Buyers
will need to identify and purchase the
best from the myriad of products and
services available on the Internet;
suppliers will want to target potential
customers in a more efficient manner,
increasing revenue and reducing costs.
Software, too, needs to keep up with
rapid change and increasing complex-
ity. The electronic commerce market
will not tolerate slow response or
delayed decision making. New ways of
developing channels for interactive
relationships with customers and
building customer communities must
be built. It is this business model which
is forcing businesses to take note of
software agents.

Figure 1—Trading process

A software agent is a software
entity that can act in an autonomous
manner, can learn, is proactive and
has the ability to interact with other
entities, be they human or software
based. Software agents are predicted
to play an increasing role in electronic
commerce as they exhibit much of the
behaviour considered to be desirable
or even essential. Agents endowed
with these capabilities can signifi-
cantly reduce the amount of human
effort required, therefore providing
real value to the user.

This article discusses how agent
technology can be used to support
electronic trading. It describes where
agent-based solutions are being used
and highlights other areas where
agent technology is applicable. The
infrastructure to support these
services is also discussed including
multi-agent-based trading platforms
and other emerging technologies. The
article concludes with a look at the
technological and economic impact of
the widespread use of agents.

The Trading Process

The traditional commerce process
can be represented by the framework
shown is Figure 1.
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The core of the trading process
consists of the following stages:
sourcing, order-placing, fulfilment
and settlement. The emphasis placed
on these functions differs, depending
on the market. In the consumer
market, the emphasis is on the
marketing functions, that is, the pre-
and post-sales stages, with focus
being placed on market matching
and advertising. Companies typically
attribute as much as 35 per cent of
the costs of producing a product to
marketing and sales costs® In
contrast, transactions in the busi-
ness-to-business market typically
involve establishing contracts that
involve significantly larger sums of
money and require more coordination
between several enterprises. The
processes typically involve multi-
party negotiations and can last over
an extended period of time. This
article aims to describe the current
and potential uses of agent technol-
ogy from the perspective of both the
consumer and the business.

Consumer Market

One of the main trends developing in
the consumer market is the rapid
rise of market-matching tools. These
tools facilitate the matching of
buyers’ requirements for particular
products or services with appropriate
suppliers. They can be broadly
categorised into three areas: auc-
tions, shopping robots (or bots for
short) and shopping assistants.

Auctions

A simple example of a market-
matching tool that has come very
much to the fore is the on-line
auction. There are auctions for
almost every conceivable product,
from cars® to energy* to real-time
pricing of telephone calls®. These
auctions differ from their physical
counterparts in that on-line auctions
last over a longer period of time,
typically over a few days. Auctions
provide an ideal environment in
which agents can bid on their user’s
behalf, since they need limited
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knowledge of the strategies of other
parties. The agents adopt a strategy
that obtains the maximum profit and
follows the rules of that market. One
such example of this is offered by
AuctionBot® (Figure 2) which enables
users to define agents to act on their
behalf, stipulating complex buying
rules and even allowing users to
specify their own auction protocols.

The agents provide added value
for the buyer or seller in several
ways: by eliminating the need to
monitor constantly the process of
buying (or sclling), by keeping track
of all the bids on the product that

increased transaction volume driven
by shopping bots,’ said Nicole
Vanderbilt, group director, digital
commerce at Jupiter Communica-
tions. Although some merchants may
be reluctant to accept shopping bots
which will pit them against their
competition solely on price, Jupiter
Communications believes that the
benefits of bots far outweigh price
concerns. On-line merchants must
create unique shopping experiences
and implement loyalty programs to
differentiate themselves from the
competition and to convert a portion
of these one-time bot-driven shoppers

One of the main trends developing in
the consumer market is the rapid rise of
market-matching tools

they want to buy or sell and by
achieving the best price.

Shopping bots

A shopping robot is another example
of a market-matching tool. It offers
price comparisons to users wishing to
make purchases over the net.
Shopping bots are automated agents
that search the Web for consumer-
specified products and generate a list
of merchants with the best prices. A
recent survey of on-line consumers
reports that 77 per cent of buyers are
reported to go on-line with a specific
purchase in mind, and 79 per cent of
those shoppers visit several sites to
compare offerings before making a
purchase’. This suggests a significant
opportunity for agents with this type
of functionality. ‘Online merchants
will be able to reap direct revenue
and cost savings as a result of the

into a loyal customer base. Typically,
shopping bots, such as CompareNet?
provide comparison shopping,
allowing customers the facility to
search across merchants based on a
set of features, including price and
product features; for example,
processor speed and RAM. Acses®, a
bot which finds best prices on books,
is sensitive to user’s geographical
location and offers ranges of prices
based on delivery time.

Shopping assistants

Auctions and shopping bots are
useful in environments, such as in
commodity markets, where the
product can be characterised solely
on price. However, in many markets
there is a need to distinguish prod-
ucts on more than just price; for
example, quality, service, warranties,
brand and delivery cost/times. To add
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to this complexity, many products are
described by a range of characteris-
tics that differentiate them from
other products within the same
market. In these types of markets,
users have different sets of prefer-
ences over these products. In this
case, agent technology can be used to
provide digital shopping assistants.
A useful analogy can be drawn
here to that of a trusted assistant.
The assistant will need to under-
stand and elicit the buyer’s needs in
terms of a precise set of requirements
and preferences. They will also
educate the buyer as they consider
each of the characteristics of the
product, informing the purchaser of
best products, searching for appropri-
ate suppliers, negotiating on the
buyer’s behalf and making the final
purchase. A good example of where
some of this functionality can already
be seen is Amazon.com®’, This site
offers functionality which cannot be
found in traditional book stores,
delivering more information than its
physical counterpart. Bookstores are
limited by shelf space and reviews
and comments are not available to
customers while perusing books.
Purchasing advisers that can
assist the user in providing this type
of functionality will greatly enhance
the benefits of the simple shopping
bots!!. However, in order to provide
this added value, these new types of
agents will need to elicit a complex
set of user product preferences. They
should be able to extract not only
information about what type of
product the users require, but more
importantly their preferences about
each of the product characteristics.
Techniques for evaluating preference
information about different combina-
tions of product characteristics can
be drawn from the domain of multi-
attribute utility theory'? and market-
ing, such as conjoint analysis®.
Examples of this type of functionality
are already emerging on the Internet,
with services such as the decision aid
system offered by PersonaLogic'.
However, like many other e-com-
merce solutions it is client-server

based, only providing a front-end to
the merchant’s product description
and therefore biased towards the
needs of the merchant rather than
the purchaser. Providing an infra-
structure in which trusted third
parties can advise buyers on pur-
chases will enable users to obtain an
independent perspective by removing
any merchant bias. This is an
important ingredient of any trusted
purchasing assistant that is cur-
rently missing from many solutions.

Multi-agent based systems
provide one approach, in which
agents can be used to represent the
various roles in the market place.
Each agent has its own set of objec-
tives or goals, which need to be
satisfied. For example, merchants
want to sell as many products as they
can in order to maximise profit, while
buyers want to obtain the best price
for any product they purchase. This
solution also allows new electronic
brokerage roles to be dynamically
created in response to demands in
the market. These brokers create
added value by providing specialised
domain knowledge. The subject of
brokers will be discussed in further
detail later in the article.

Agent technology can also assist
both purchasers and suppliers in
other parts of the supply chain.
Tracking agents can monitor the
progress of an order and ensure that
it is delivered in accordance to
specified contracts®®. There are also
examples of agents automating
initial sales enquiries and feedback
using intelligent matching of cus-
tomer queries with products from the
suppliers database to tailor e-mail
responses!é,

Targeted Advertising and
User Profiling

A key element of the consumer
market is advertising. Information
technology has allowed companies to
address ever-narrower market
segments. This trend is moving
towards the ultimate goal of one-to-
one targeted marketing, a market of
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one! Underlying the immediate
benefits of this trend is the establish-
ment of long-term relationships with
customers, created by more subtle
functionality, such as personalisation
and customisation of Web sites.
Budgets for broadcast media market-
ing will soon be re-allocated to
interactive media marketing. The
revenue generated from sales of Web
advertising space has been forecast
to be about 15 per cent of that
generated from sales of newspaper
advertisement space by the year
2002".

Central to this trend is the notion
of user profiles that include informa-
tion about the user’s previous
transactions, preferences, user
interests and personal information.
The concept of user profiling within
personal agent technology is used to
assist in tailoring tasks such as
searching and recommendations to
the specific needs of the user®. This
is a powerful technique which
companies can apply to generate
revenue from cross-selling of related
or supporting products and services.
Many of the current systems require
significant input from the user. This
approach is time consuming and
susceptible to inaccuracies in the
information being provided. However,
several new products are coming to
the fore that are based on learning
the user profile in an unobtrusive
manner'®®, This approach results in
less data entry and is less prone to
attempts by the user to falsify the
data deliberately. However, it raises
privacy issues as users may feel they
have less control over what is being
stored about them.

The issue of privacy is of para-
mount importance if user profiles are
going to be utilised to the benefit of
both the customers and suppliers?.
To date, this area has been self-
regulated. The Open Profiling
Standards (OPS)* is proposing an
open industry standard for on-line
exchange of profile information
between individuals, groups and
businesses. This specification is
currently being considered by the

239



TELECOMMUNICATIONS IN THE 21st CENTURY

A decentralised autonomous agent architecture provides a
natural fit for enterprise-wide logistics

Platform for Privacy Preferences
workgroup within the W3C (P3P)%.
Further work also needs to be carried
out into understanding how the level
of trust can be built up between user
and agent, which goes beyond the
traditional security by encryption?.

Business Process
Automation

The concept of businesses automat-
ing their trading process has been in
existence for some 15 years with
electronic data interchange (EDI).
However, with specialised networks
and expensive proprietary infrastruc-
ture, this has remained the domain of
large corporations as it requires large
economies of scale before it becomes
affordable. EDI also tends to be
based on pre-established contracts
between customers and suppliers,
resulting in a bias towards fixed
supplier-customer relationships.
Companies face global competition
and customers who demand custom-
ised products at mass-produced
prices. The Internet has reduced
transmission costs and increased
capacity. It has made it economically
viable for small companies and even
individuals to trade electronically. In
line with the shift to greater
customer power, businesses are
re-engineering their processes to
focus on their customer-facing
information systems.

Supply chain management

A supply chain consists of a collection
of interdependent steps that, when
followed, accomplish a certain
objective such as meeting customer
requirements®. Supply chain manage-
ment encompasses the coordination
of these steps, embracing a range of
functions from logistics to knowledge
management. As companies realise
that competitive advantage can be
gained by integrating supply chain
activities, efforts will focus on
coordinating these functions. This
trend towards more efficient opera-
tions can be seen in the fundamental
shift taking place from the tradi-
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tional push-based model (build-to-
stock) to a pull-based model (build-to-
order), in which the customer
initiates the supply chain. In this
new model there is the need to
support increased customisation,
reduced lead times, and improved
quality and lower costs.

Logistics plays a key role in
supply chain management. Logistics
is the process of planning, imple-
menting and controlling the efficient,
cost-effective flow and storage of raw
materials, in-process inventory,
finished goods and related informa-
tion from point of origin to point of
consumption for the purpose of
conforming to customer require-
ments?. These are horizontal
activities cutting across the tradi-
tional functional boundaries of
purchasing, production, warehousing
and distribution. Consequently, when
organisations attempt to optimise the
supply chain, current information
systems tend to be limited to
suboptimising individual steps
instead of taking a holistic view that
is required to gain the true benefits.
A decentralised autonomous agent
architecture provides a natural fit for
enterprise-wide logistics, where it is
necessary to balance the conflicting
goals of minimum inventory with
demand and production schedules. In
this approach, the basic components
of an enterprise system, including
resources, processes and tasks are
represented by agents. The agents
coordinate the conflicting goals by
using negotiation. This results in
compromises between goals at a local
level and the system level. Research
efforts are already focusing on
different aspects of logistics, includ-
ing enterprise reference modelling®
and manufacturing systems?.

Companies need to build more
flexible processes that can adapt to
the changing needs of business and
take account of relationships between
suppliers, partners and customers.
Agent-based solutions offer several
opportunities to support these
requirements, notably in the area of
work-flow management systems and

data integration. The objective of
work-flow management systems is to
replace the flow of paper documents
by their electronic equivalents. They
support business processes such as
the order cycle in which a particular
structure can be followed, thus
reducing order cycle time and improv-
ing error and exception handling.
Several Web-based agent tools are
coming on the market which facilitate
the integration of disparate heteroge-
neous information sources®. These
tools can broadly be classified as
automated-pull?®®*, Web automa-
tion®"32interactive personalised
catalogues® and information filter-
ing®. Although these tools provide
different levels of functionality, they
provide a common foundation to
leverage the knowledge management
within their organisations.

Brokers

Brokers create value within a market
by:

@ matching buyers and sellers;

@ aggregating buyer demand or
seller products to achieve econo-
mies of scale or scope and to
reduce bargaining asymmetry;

@ facilitating the market by reduc-
ing operating costs; and

@ protecting buyers and sellers from
opportunistic behaviour of other
participants in a market by
facilitating trust®.

There have been many predictions
about the demise or otherwise of
intermediaries, with new technolo-
gies such as XML?* being used to
disintermediate. It is the authors’
contention, however, that electronic
commerce will bring about many new
broker roles owing to the dynamic
requirements of a virtual market-
place. Examples of brokers can
already be seen in the electronic
marketplace (see Figure 3) on both
the buyer and supplier side.
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Figure 3—Broker roles in an elec-
tronic marketplace

The provision of analysis and
negotiation is seen as a key function
in many of theseroles. Electronic
brokering would thus be facilitated by
automating the negotiation process.

Automated negotiation

As discussed in the previous sections,
many of the systems on the Internet
today, such as the on-line auctions
and shopping bots, only allow prices
to be compared between several
merchants. They do not provide for
any bartering, yet negotiation is an
integral component of commerce. In
traditional commerce, for example,
consumers are often faced with
negotiating a purchase, be it the
price of a new car or moving house.

The subject of negotiation has
been studied in a diverse range of
fields, including social psychology,
management science, economics,
game theory and distributed artifi-
cial intelligence. The reason for this
considerable interest in negotiation is
that it plays a central role in our
lives in terms of: resolving social
conflict; establishing agreements in
business; and, increasingly, coordi-
nating interaction among autono-
mous software agents. As agents take
on a greater degree of autonomy,
agents have no direct control over
each other and thus must persuade
their acquaintances to act in particu-
lar ways. Negotiation is seen as a
natural way in which conflicts can be
resolved among these agents,
precisely because they are autono-
mous.

Negotiation can be classified as
either distributive or integrative®,
Distributive negotiation occurs when
the product or service being negoti-
ated is characterised by one attribute;
for example, price. In these situations,
one party’s gain is another party’s
loss. In contrast, when the product or
service being negotiated is repre-
sented by a set of attributes, such as
the product features, terms and
conditions, the negotiation process is
described as integrative. In this type
of negotiation, the parties make
concessions over the set of attributes,
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with the potential for all parties to
reach a beneficial agreement.

In the following description, the
term contract is used to represent
what is being negotiated between the
parties. A contract can represent a
purchase of a product, in which case,
the negotiation would cover aspects
such as the price, product features
and warranty. Alternatively, the
contract could represent a service
agreement between a retailer and
supplier, in which case the parties
might negotiate over price, distribu-
tion and settlement arrangements.
The negotiation process can be
decomposed into three distinct
phases: pre-negotiation, negotiation
and post-negotiation. In the pre-
negotiation stage, preferences for
particular characteristics of the
contract are elicited, analysed and
revised. These preferences are
expressed in terms of a party’s utility.
While the customer and supplier’s
utility of particular aspects of a
product will inevitably be different,
the goals of the customer and
supplier may not be incompatible
when the total set of product charac-
teristics is taken into account. An
individual’s set of preferences defines
his/her negotiation space. The
negotiation phase consists of the
actual bargaining. An agreement
between the parties may occur if
there is an intersection between the
customer and supplier’s negotiation
space, although other factors may
prevent an agreement being reached,
such as psychological aspects. Each
party uses its preference assessment
as a means to analyse offers received
from the other party and to decide on
what counter-offer to make if appro-
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priate. At the end of this phase, a
decision is made as to whether
agreement is possible or not. The
post-negotiation phase is optional
and may involve a mediating or
arbitrating party. In this phase, both
parties may submit their preference
assessment and negotiated agree-
ment to a third party, who might be
able to suggest improved solutions.

A wide range of techniques havs
been applied to automate the nego-
tiation process, including game
theory®, genetic algorithms* and
Bayesian learning*!. This research
will continue to receive increasing
interest as companies strive to
automate their supply chain to gain
competitive advantage.

Implementation Issues

The previous sections have described
the type of functionality required,
highlighting the need for a user-
centric delegation. This section
considers agent technology from the
developer’s perspective.

Software engineers are encounter-
ing increasing difficulties in auto-
mating business processes that can
handle inconsistent or incomplete
data in real-time with traditional
engineering techniques. It is the
authors’ contention that problems
with these characteristics lend
themselves more easily to an agent-
based programming paradigm.
Agent-based solutions are key to the
development of the next generation
of e-commerce solutions enabling
users to delegate high-level tasks to
their agents. Figure 4 illustrates this
shift in programming paradigms,
demonstrating that agent technology
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is a natural evolution, building on
the distributed object technology
currently being used.

Agent platforms and tools
With the interest in multi-agent
based solutions, there has been a
rapid increase in the development of
agent platforms. The role of an agent
platform is to provide inter-operabil-
ity between heterogeneous agent
systems. Platforms achieve this goal
by hiding the inherent complexity
generated by different communica-
tion protocols, security mechanisms,
directory systems, etc. from the
developers. Some examples of the
basic services provided by an agent
platform include message routing
and parsing, encryption and
decryption of messages, directories of
registered agents and agent life cycle
management. Some platform imple-
menters may choose to add more
sophisticated functionality such as
electronic payments, planning and
scheduling, and reasoning engines.

Figure 5—Platform services
USER

>
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A

I BROKER AGENT
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Some of these platforms, for
example, Zeus*, also supply a toolkit
that allows developers to easily build
agents based on a skeleton structure
derived from the platform. This
results in a faster and less error-
prone development cycle. Figure 5
shows a travel domain application
where two platforms allow a user’s
personal agent, a travel broker’s
agent and a travel service agent to
communicate. The platform protocols
and languages used between the
platforms and the agents registered
with it may be completely different.

Standards

One of the many advantages of agent
technology is that it provides an
elegant way to deal with the com-
plexity of interoperation of heteroge-
neous systems. Since one of the most
common approaches to

management (creation, destruction,
registration and mobility of agents
across platforms) and software/agent
interaction, security and human-
computer interaction. Ontology
services are also being studied which
provide a service for representing
and communicating knowledge
between application domains. The
result of this work will allow a FIPA-
compliant agent to discover services
on-the-fly, to migrate across plat-
forms, and to send and receive
messages securely.

Another standard that is receiv-
ing attention from the agent commu-
nity is XML?%, which provides a
means to structure Web content.
This is especially relevant if agents
need to discover product and pricing
information, compare it and ma-
nipulate or process it on behalf of
the user.

Agent technology will have a significant
effect on the way in which people use
and view the Web.

interoperation is standardisation, it
comes as no surprise that several
standards are either being defined or
borrowed from other areas.

The most ambitious effort in this
direction comes from the Foudation
of Physical Intelligent Agents
(FIPA)* who are currently standard-
ising the following areas: an agent
communication language, agent

R
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Technological and
Economic Impact

Agent technology will have a signifi-
cant effect on the way in which people
use and view the Web. As more
companies conduct their business over
the Web, users will increasingly
require more sophisticated functional-
ity to manage the seemingly unlim-
ited volume of information accessible
over the Internet. Agent technology is
seen as a key enabler, providing users
with the capability to delegate high
level tasks that not only search Web
sites but also act on this information
once the information has been
collated. This trend will have the
effect of making users less reliant on
accessing Web sites directly which in
turn may mark a transition to making
the Web more transparent. The
introduction of interactive digital TV
will only accelerate this trend as more
of the population gain access to the
Internet.
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The introduction of agent technol-
ogy is also having an economic impact.
As agents become more capable of
discovering accurate product and
pricing information, it will have an
impact on the behaviour of the agents
present in the electronic markets. It
will become more difficult to exploit
information, geography and other
asymmetries. Studies conducted by
IBM indicate that the impact of bot
shopping could result in price wars in
which there are sharp discontinuous
changes to economic stability*.

Although electronic commerce has
existed for many years in the form of
EDI trading, this technology only
simplified the transactions between
pre-established partners. It was a
simple extension of existing channels
and thus did not have a significant
impact on the economic behaviour of
the parties involved. In the business-
to-business world, agent technology
is facilitating greater automation of
the supply chain, producing new
trading models. The advent of
electronic trading over the Internet
has already significantly changed
some economic sectors such as the
publishing industry (for example,
Amazon.com is already the second
largest bookshop distributor in the
US). A completely new aspect
introduced by automated electronic
trading is the fact that a competitor
may suddenly appear on the other
side of the globe through the forma-
tion of a virtual coalition of suppliers
over the Internet. As a result of
businesses gaining more accurate
and up-to-date information, it is the
authors’ opinion that some sectors of
the economy could mirror the chaotic
behaviour of the financial market.
Further work must be carried out in
this area to investigate these effects.

Conclusion
If businesses are to survive into the
21%t century, they must be prepared
to offer customers new services which
can be obtained anyplace, anytime,
anywhere. This article has shown
how agent technology offers one

approach that is able to handle the
complex nature of e-commerce. There
is evidence to suggest that those
businesses that have already de-
ployed agent-based solutions within
their organisations have gained a
significant advantage over their
competitors. However, there are still
many complex issues such as trust
and negotiation that need further
investigation. As more businesses
aim to adopt electronic commerce, it
will drive the need to invest more
research into these areas. In conclu-
sion, agent technology provides a
major new engineering paradigm
that businesses must understand and
use if they are to successfully meet
the challenges of building the next
generation of e-commerce solutions.
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TELECOMMUNICATIONS IN THE 21st CENTURY

Alwyn Lewis, Graham Cosier and Charles Nightingale

Whither Video?—
Videotelephony in Perspective

Television is very popular,
but adding video pictures
to telephones has not
proved so appealing. This
is the second article in a
five-part series about the
future role of pictures in
telecommunications. The
first article! outlined the
development of television
and discussed its
contradictory

reputation —clear and
close yet reduced and

remote.

Broken Dreams

S - — =

The launch of videotelephony, as an
enhanced replacement for the
telephone, has proved unsuccessful
more than once. The first public
videotelephone service opened in
1936, on a dedicated link between
Berlin and Leipzig, but was closed
due to lack of traffic. Figure 1 shows
an early prototype of a British
videotelephone.

In the 1970s, AT&T spent an
estimated $500 million launching the
Picturephone™, using analogue video
technology. This service proved to be
spectacularly unpopular? and became
known as the Edsel of the Bell
System, despite offering a better
quality of picture than today’s public
switched telephone network (PSTN)
videotelephones.

The reasons proposed to explain
this unpopularity were:

® the limited bandwidth of contem-
porary networks,

Figure 1—An early videophone prototype, using a close-up view of the face
(picture copyright British Telecommunications plc)
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® the small size of the pictures, and

@ the high cost of the product and
the calls.

Noll, who conducted a market
survey® for AT&T in 1973, reported
that customers felt no need to see, or
even disliked seeing, images of each
other on the Picturephone. Jakob
Nielsen, a frequent user of modern
videoconferencing equipment at Sun
Microsystems, is also unenthusias-
tic'. He complains that it is too easy
to ignore the people ‘on the box’ and
that crucial but subtle aspects of
face-to-face conversation can be lost.

Less from More?

Is there a fundamental barrier to the
effectiveness of videotelephony? Perhaps
all instant pictures share the ‘clear and
close but reduced and remote’ charac-
ter of television. Might the accuracy
and immediacy of a video image be a
disadvantage? Is a conversation by
telephone more subtly expressive and
powerful than the same conversation
by videophone? Does a moving
picture reduce empathy by inhibiting
the imagination? Do minds meet more
easily when voices are disembodied?
Recent work at the Human
Communication Research Centre in
Edinburgh® suggests that, in some
circumstances, this is so. In face-to-
face conversation, we look directly at
each other relatively infrequently. If
a video link forces constant face-to-
face gaze, the resulting distraction
seems to increase the amount of
speech needed to complete a task.

Your Place or Mine?

Where, mentally, do telephone calls take
place? Does the telephone bring the
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There is abundant evidence for the success of video communi-
cations in a growing range of unconventional applications in
education, training and medicine

distant person ‘here’ or is the local
user taken ‘there’? The universal
appeal of telephony, and much of its
power, may lie in its ability to take
people to an imaginary ‘somewhere
else’. That place seems to mix the
characteristics of ‘here’ and ‘there’, in
territory that is more mutual than
neutral. In football terms, the match is
played at a friendly third-party ground.

The addition of pictures, and the
sense of reality they bring, might
change this situation. When a solo
user joins a distant group by a video
link, that user is likely to feel taken
‘there’ by the link. The solo user is
playing an away match.

What happens in person-to-person
videotelephony? Do the users change
places when each is taken ‘there’, or do
they meet in the middle? The authors
suspect that both users feel the other is
taken ‘here’. Both teams are playing a
home match, which is contradictory
and might create a mutually incompat-
ible kind of conversational behaviour.
This reasoning implies that videotele-
phony might genuinely be a paradox,
because adding real pictures could
diminish the sense of imagined meeting.
If so, inserting live images of people into
synthetic backgrounds might increase
the appeal of videotelephony.

Specific Success
— I TEN |

Yet other evidence is contradictory,
because videoconferencing, using
carefully-selected and high quality
equipment, is increasingly successful
and attractive for meetings and group
collaborations. In Greenland, where
travel is always expensive and often
difficult, videoconferencing is used for
legal, medical and educational
applications®. It is also increasingly
popular in business, where reduced
travelling is a major incentive.

Videoconferences are typically more
formal and organised than telephone
calls, often with a chairperson in
charge. Large and small companies
have found that videoconferencing is
an effective way of coordinating
geographically-separated teams. The
experience of the authors is that current
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Figure 2— Frank Dobson watches a foetal scan at the Women and Children’s Centre
in Deptford Market, with a video link to experts in Guy's and St. Thomas’s hospitals
(credit: David Allen/ Waymark)

products provide natural interaction
most easily when the users know cach
other. There is also abundant evidence
for the success of video communications
in a growing range of unconventional
applications in education, training
and medicine (see Figure 2)™°,

The rapidly-diminishing cost of video
technology means that a fresh look at
the design of video communication
equipment is now due. Ironically, the
strongest resurgence of interest comes
from outside the video and telecommu-
nication industries. The computer
industry has brought a different design

philosophy, where imaginative dream-
ing and multi-minded synthesis are
given greater weight'®!, The success of
this approach, in finding new markets
and applications, suggests that users
have not had a big enough say in the
development of videotelephony.

Developing Standards

BT has long played a major role in
the development of video-related
international standards'?. Table 1
lists some current ITU Recommenda-
tions for videotelephony.

Table 1 ITU Recommendations for Videotelephony

Number | Tille

| Date Issued

H.261 Video codec for audiovisual services at p x 64 kbit/s

March 1993

H.263 | Video coding for low bit rate communication

March 1997

H.320 |Narrow-band visual telephone systems and terminal equipment | March 1996

H.321 | Adaptation of H.320 visual telephone terminals to B-ISDN March 1996
environments

H.323 Visual telephone systems and equipment for local area November 1996
networks which provide a non guaranteed quality of service

H.324 | Terminal for low bit rate Multimedia Communication March 1996

H.331 Broadcasting type audiovisual multipoint systems and terminal | March 1993

equipment
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Telephony provides a simple yet superb interface between

Current BT videotelephony and
videoconferencing products include:

® DVS100 PC-based desktop
videophone and Internet data
conference terminal,

® VS1 self-contained videophone
with ten-inch LCD display, for one
ISDN line, and

® VS3 room videoconference
system with auto-tracking, for
ISDN up to 2 Mbit/s.

Meeting in Mindspace

Future developments promise truly
interactive multimedia and ‘virtual-
world’ applications of video pictures.
Engineers, politicians or the public
might ‘walk’ through a proposed
building or ‘use’ a proposed product
in a virtual space (Figure 3), interact-
ing with computer-generated objects
and each other. The Helsinki Tele-
phone Company has started a
collaborative project, called Helsinki
ARENA 2000, to develop a three-
dimensional computer model of
Helsinki linked to video cameras, and
to people, in the real city® that can
be accessed via a home computer.

Shared Barriers?

The effectiveness of these shared-
imagination environments will be

Figure 3—Collaborative working in
the VisionDome (copyright British
Telecommunications plc)

sentiments and signals.

much reduced if they are limited to
singleton experience. The usefulness
and value of these new kinds of
communication depend on the
subtleties of social and group interac-
tion. The same barriers that inhib-
ited the widespread acceptance of
videotelephony potentially inhibit
these new developments.
Understanding the human
interface issues of videotelephony is
therefore important because the
appropriate use of pictures in
telecommunications has a relevance
stretching far beyond the current
boundaries of telephony. Making an
effective interface between the
technical signals that represent
pictures and the human sentiments
of the users is an insufficiently
understood but vital design aspect of
videotelephony and telepresence.

Co-evolution

Telephony provides a simple yet
superb interface between sentiments
and signals. The output voltage of a
handset microphone is an excellent
way of expressing the content and
purpose of human speech. At the turn
of the century, handset design was
progressively refined as the social
norms for making calls were being
established. There was a co-evolution
of the technical and social factors,
creating a signal-to-sentiment
interface which has become univer-
sally recognised as the metaphor for
telecommunications—the telephone
handset.

Sleepwalking

Because of this success, the industry
could sleepwalk into success, blessed
with an easy-to-use product that
everyone liked and wanted. Provid-
ing more of the same, at less cost, to
more people was an immensely
difficult challenge that occupied
generations of engineers. Knowing
why this should be done was never in
doubt.

Telephones that once used carbon
microphones and transformers now
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use electret microphones and silicon
chips. The signals have also changed,
from analogue to digital form. But
none of these developments has
altered what the signals represent.
There has never been any need to re-
examine the link that was estab-
lished, at birth, between the technical
signals and the human sentiments in
telephony. Until recently, the past
was a good guide to the future for
telephony.

Expanding the signal-to-senti-
ment link with video pictures has not
duplicated the runaway success of
the handset. The output voltage of a
video camera is not necessarily a
greater expression of the mental
content and human purpose of a
conversation than the output voltage
of a microphone.

What Next?

Telecommunications faces questions
about what to do next, because new
technology is abundant—in networks
and terminals as well as in services
and standards. The best example of
the pace of this change is the stun-
ning growth of the Internet. But the
important questions are deeper and
more fundamental than changes of
technology. Technology is no longer
the problem.

The hardest questions to answer
are increasingly about purpose not
technique, about why rather than
what. The focus has shifted to
gaining a better understanding of
human needs, motives, abilities and
reactions in both social and business
interactions. Therefore, for more
effective use of video in telephony
and telepresence, a brief review of
relevant human abilities is appropri-
ate.

Human Abilities

The human visual system, through a
combination of optics, muscle control
and brain processing, achieves a
seemingly contradictory combination
of high resolution and wide-angle yet
rectilinear imaging. The peak
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Figure 4 — Representation of the
human eye’s resolution, assuming a
curved field

resolution of the eye (Figure 4) is
about 60 seconds of arc, but we are
usually unaware that our peripheral
resolution is much lower. But our
peripheral field is more sensitive to
movement and to low levels of
illumination than our central vision.
The angle of view of human sight is
about 160 degrees horizontally and
120 degrees vertically.

We are very well adapted to the
identification of faces and facial
expressions from surprisingly little
visual information. The effectiveness
of Baird’s 30-line television system
depended on this fact. In face-to-face
conversation, distance is often
related to intimacy. The subjective
impression of distance in
videotelephony is sometimes unlike
face-to-face conversation, potentially
creating inappropriate cues of
intimacy or remoteness.

Human hearing has a much lower
localisation accuracy than the visual
system, but its sensitivity extends

Gesture and body language can
reinforce, diminish or even contradict
the meaning of speech.

behind, above and below the body.
The visual and auditory systems
interact in a non-linear way, so that
sounds tend to be localised at
visually likely positions and the
perception of picture quality can be
changed by the quality of sound.

Seeing, Hearing and
Meeting
[S==u" PSRy = ===l

Human face-to-face communication is
multi-modal, with markedly non-
linear interactions between informa-
tion in the different modes. Gesture
and body language can reinforce,
diminish or even contradict the
meaning of speech. Cultural and
social conventions in speech, gesture
and posture are a subtle yet potent
means of moderating and directing
group interactions, especially during
argument and debate.
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An exchange of notes, figures or
scribbled drawings is a common and
effective way of structuring debate
and focusing decision-making in face-

problem). However, this effect is less
serious for pictures of people than it
is for sound or text, because move-
ment is an attention cue. Divided
attention occurs naturally in face-to-
face interactions with relatively little
effect.

In Human Terms

Audio and video signals have very
different technical and human
characteristics, in conception, produc-
tion and perception. Table 2 shows the
properties of audio and video signals,
when created and interpreted from a
human perspective.

Speaking is cognitive and easy to
control—calm phrases can accom-
pany inner turmoil. It is much harder
to consciously alter how we look—
emotion tends to form our appear-
ance and behaviour. Circumstances
can lead us to choose our words with

to-face meetings. In group interac-
tions, we can signal attention,
reflection, agreement, surprise,
doubt, enthusiasm, distraction,
boredom and many more states of
mind —all without saying a word.
Indeed, two-thirds of all communica-
tion is said to be non-verbal.

We can easily engage in a conver-
sation while reading a book. But we
find it hard to deal with the interpre-
tation of multiple sensory inputs in
the same mode (the divided attention

Table 2 Human Properties of Audio and Video Signals

Transmission Reception
Audio Strongly cognitive Cognitive
Controllable Uncontrollable
Video Mainly affective Affective
Circumstantial Cognitive
Mainly uncontrollable Controllable

British Telecommunications Engineering, Vol. 17, Jan. 1999



Figure 5—A technocentric view of
videotelephony

care but can dictate our appearance
or behaviour without choice. Listen-
ing is mainly cognitive, with emo-
tional overtones, while looking can be
cognitive, emotional or somewhere in
between. It is impossible not to hear
what is audible, yet it is easy to avoid
seeing what is visible. This marked
asymmetry of human properties
suggests that the technical skills and
terminology of speech communication
are not necessarily useful in a video
context.

Putting Ourselves Across

If the information flow in face-to-face
conversation is so complex, how is it
that telephony works so well ? The
enormous success of the telephone
owes as much to biology and brain
power as it does to technology. When
holding a handset, we change and
focus our behaviour in quite subtle
ways. We make a mutual pact with
the distant person, to give a tele-
phone performance, confident of how
that person will experience our
behaviour. Adapting our speech to
the limitations of the telephone, in
intonation, volume, choice of phrase
and speed of delivery, is easy.

This psychological adaptation is
an acquired skill. Shortly after
inventing the telephone, Alexander
Graham Bell asked the Chairman of
an American Bank to use a early
kind of telephone to speak to a clerk
in a nearby room. The banker froze in
horror, unsure of how or whether he
might be heard, but not wanting to
give offence by saying nothing. The
serious and solemn gentleman
shouted a stream of childish gobble-
degook. The nervousness of some
users, confronted with a videophone
for the first time, may have the same
cause.

Eye of the Beholder

For relaxed and natural communica-
tion, we all need to know how we are
coming across. Communication
failure in telephony is often associ-
ated with the listener hearing
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Figure 6—A human-centric view of videotelephony

something out of alignment with the
expectations of the talker. Achieving
psychological confidence in
videotelephony—being able to enter
the eye of the beholder—is much
more difficult to do, because it
depends on factors that are insuffi-
ciently understood.

The authors believe that is why
videotelephony is a paradox—failing
in general yet succeeding in specific
applications. Videotelephones can be
more powerful and effective than
simple telephones, but they are
nowhere near as simple to get right.

Viewpoints

= = e == ]
The important tasks in video-
telephony have traditionally been the
coding and transmission of pictures—
the technocentric view of Figure 5.
The authors think that the human
interface issues, and the associated
human behaviours, values and
opinions, as shown in Figure 6 are the
most important and hardest to
understand aspects of videotelephony.
The technocentric view has
diverted attention away from three
essential kinds of skill and knowledge:

@ in physical and psycho-physical
optics—the cameras and displays;
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® in pictorial culture—the artistic
aspects of picture control and
composition; and

® in psychology—how meaning and
content are represented and
conveyed by pictures.

Coming Next

The next article in the series will
discuss pictorial culture—the
physical and artistic factors often
involved, consciously or uncon-
sciously, in the making, taking and
viewing of pictures.
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David J. T. Heatley, David R. Wisely, Ian Neild and Peter Cochrane

A Review of Optical Wireless

What is it and what does it offer?

This article presents a
broad review of the field
of optical wireless, from

early experiments
through to the high-
performance systems of
today. Emphasis is placed
on understanding the
benefits and limitations
of optical wireless, all of
which ultimately define
the applications. Various
systems are examined,
each incorporating a
different technological
solution to suit the
particular application.
Optical wireless
technology has matured
substantially in recent
years and is now capable
of delivering important
benefits to modern-day
telecommunications

users.

Prologue

It is a new day and work beckons.
While eating breakfast you catch up
on news which is delivered to your
laptop via an indoor infra-red
wireless link. Several wireless
systems exist throughout your home,
ranging from short-distance point-
and-shoot systems up to cellular
systems that cover whole rooms. Your
laptop automatically selects the link
that offers the best performance at
that time. At breakfast it has selected
a short-distance link, the base station
for which is built into the table
(Figure 1). As you roam through your
home taking your laptop with you, it
remains linked to the network by
seamlessly switching between
different infra-red cells. All these
cells are interconnected within your
home and linked to the high-speed
external network via a line-of-sight
infra-red system to a communal ‘pole’
in the street (Figure 1).

As you enter your car it creates an
in-car infra-red link with your laptop

Figure 1—Example opticel wireless links

and interrogates your diary for the
day. Your car learns that your first
journey is to your office in the city so
it accesses traffic information via its
GSM link and displays on the
dashboard navigation system (or
speaks) a recommended route for you
to follow. On your way to work you
pull into a petrol station. As you do so
your car enters an infra-red cell and
is instantly linked to a high-speed
network. Your car uploads its
performance data to an agency which
will contact you later if your car
needs attention. At the same time
your laptop uses the in-car infra-red
system to establish a connection
between itself and the external cell.
This done, it takes the opportunity to
contact your office to update your
diary and to up/download files from
your desktop machine that it knows
you will need. By the time you reach
your office your laptop has exchanged
gigabytes of data via a variety of
wireless infra-red links and you are
ready to face the challenges of the
day.

British Telecommunications Engineering, Vol. 17, Jan. 1999
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Figure 2— Laser safety classifications
for & point-source emitter

During the day you make several
personal calls on clients, all of whom
have infra-red cells at their location, so
you are on-line the instant you arrive.
The buildings that you travel between
are all located in the down-town
business area and are interconnected
via high-capacity line-of-sight infra-red
systems that overlay the conventional
cabled network (Figure 1). Conse-
quently you are able to up/download
vast amounts of data very quickly,
thereby maximising your effectiveness
while with your clients. As the day
progresses your diary is continually
updated whenever you enter a cell, and
so on throughout the day.

Clearly this vision lies in the
future; however, this article shows
that much of the implicit optical
wireless technology is in fact avail-
able today. In recent years much
work has been done to understand
fully the benefits and limitations
afforded by optical wireless. This
article calls upon work at BT Labora-
tories and elsewhere to present a
broad overview of the field. The
article begins by describing the
underlying principles of optical
wireless, paying particular attention
to the intrinsic benefits and limita-
tions. It then examines a broad
selection of systems, some experi-
mental, others now available com-
mercially, that are tailored to a
variety of operational requirements.
Performances and deployment issues
are compared and contrasted, and
informed opinions are offered on
solutions for a variety of applications.

Design Fundamentals

== = === ==

A decade ago the optical-fibre
systems of the day were running at
gigabit/second rates over single-span
distances exceeding 100 km. A
promising foundation for the develop-
ment of optical wireless was there-
fore in place. However, the high
performance of optical-fibre systems
is due in large part to the properties
of the fibre itself. Remove the fibre,
as in a wireless system, and the
stable low-loss guided single-mode
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propagation path is no longer
available. Conveying light between
the terminal stations in a controlled
reliable manner then becomes a
challenge. In addition to this, optical-
fibre receivers, if applied to a free-
space environment, incur a very high
coupling loss which reduces the
overall power budget of the system.
For these reasons, and others, the
transition from optical fibre to optical
wireless is not straightforward and
new design solutions are needed.

Transmitter

The optical-fibre systems industry
has spawned semiconductor lasers
with broad bandwidths and high
launch powers: features which are
equally attractive to optical wireless
systems, particularly for outdoor
applications which call for high-
capacity point-to-point links. How-
ever, for indoor applications, lasers
pose a potential safety hazard
because they are a point source
emitter (see below on eye safety).
Light emitting diodes (LEDs), on the
other hand, are large-area emitters
so can be operated safely, even at
relatively high powers. They are
therefore the preferred emitter for
most indoor applications. To compen-
sate for the lower powers that LEDs
generally emit, arrays of them can be
used as the optical source. The
penalty however is bandwidth.
Whereas laser speeds extend into the
gigabit/second regime, LEDs are
limited typically to 10 Mbit/s,
perhaps extending to 50 Mbit/s for
some specialist devices.

Eye safety
Optical wireless systems, like their
radio counterparts, can pose a hazard

if operated incorrectly; therefore, a
laser safety standard! has been
established in which optical sources
are classified in accordance with
their total emitted power. The
principal classifications are summa-
rised in Figure 2 for a ‘point source’
emitter such as a semiconductor
laser.

Outdoor point-to-point systems
generally use high-power lasers that
operate in the Class 3B band to
achieve a good power budget. The
safety standard recommends that
these systems should be located
where the beam cannot be inter-
rupted or viewed inadvertently by a
person. Roof-top locations or tall
masts are usual for this type of
system.

Indoor systems pose a particular
challenge because the safety
standard recommends that they
must be Class 1 eye safe under any
conditions. Figure 3 shows that for
systems employing laser sources,
launch powers must not exceed
0-5 mW at the short wavelengths
where most low-cost devices
operate. Indoor systems that use
lasers therefore find it difficult to
achieve a good power budget.
However, by using LEDs instead of
lasers a much higher launch power
can be used and still remain Class
1 eye safe. This is because LEDs
are not ‘point source’ devices as are
lasers, but are large-area devices,
so if viewed the image on the retina
of the eye covers a large area, and
hence the power is diffused (Fig-
ure 3). Indeed, arrays of LEDs can
produce substantial launch powers
and yet be Class 1 eye safe. This
and cost are the two primary
reasons why indoor systems mostly
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use LEDs as the emitter, either
singly or in arrays.

Lasers operating inside the
Class 3B band can, in fact, be
rendered Class 1 eye safe by passing
their beam through a hologram
incorporated within the overall laser
enclosure. The hologram breaks up
the wavefront in the optical beam
which causes the image of the laser
spot on the retina of the eye to be
diffused (Figure 3). The same
hologram also shapes the beam to
create a definable footprint; for
example, square or rectangular.
Using an in-house developed
hologram? the authors and col-
leagues have demonstrated that a
40 mW Class 3B laser can be
rendered Class 1 eye safe, and with
certain refinements made to the
hologram the same outcome could be
achieved with a 100 mW laser. This
technique, although proven in the
laboratory, has yet to be taken up by
the industry.

Atmospheric loss

The power budget and overall
performance of a point-to-point free-
space link is strongly determined by
atmospheric loss along the propaga-
tion path, which itself comprises free-
space loss, clear air absorption,
scattering, refraction and scintillation.

Free-space loss

Free-space loss defines the propor-
tion of optical power arriving at the
receiver that is usefully captured
within the receiver’s aperture
(Figure 4). A typical figure for a
point-to-point system that operates
with a slightly diverging beam would
be 20 dB, whereas an indoor system
that operates with a wide-angle
beam could have a free space loss of
40 dB or more.

Clearly free-space loss is experi-
enced by all forms of optical wireless
systems, from short-distance indoor
systems up to long-distance outdoor
systems. However, the remaining
sources of atmospheric loss described
below are entirely the domain of the
latter.

Clear-air absorption

Clear-air absorption (the equivalent
of absorption loss in optical fibres) is
a wavelength-dependent process that
gives rise to low-loss transmission
windows centred on 850 nm, 1300 nm
and 1550 nm (Figure 5). This process
is essentially the same as that
present in optical fibres, and hence
the low-loss windows coincide with
those in fibres. Consequently, the
same opto-electronic devices can be
used, which from a commercial point
of view is crucial.

OPTICAL TECHNOLOGIES

Scattering and refraction
Scattering and refraction due to
water droplets refers to the attenuat-
ing effect of rain, fog, mist and snow
on the power reaching the receiver.
This attenuation is continually in a
state of flux so is most meaningfully
quantified in terms of the percentage
of time that it exceeds a given value
(usually taken to be the point at
which the error rate in the data is
just acceptable). Over a period of a
year, from December 1992 to Decem-
ber 1993, detailed measurements of

Figure 3—The effect of different emitter types on the retina of the eye
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Figure 6 —Seasonal atmospheric attenuation over a 100 m

path for a 1 year period

atmospheric loss were carried out
over a 100 m path in a rural area,
close to the BT Laboratories site in
Suffolk, England. Figure 6 shows
some of the results obtained.

Not surprisingly the worst perform-
ance was achieved during the winter
months owing to the high prevalence of
rain, fog, mist and snow. Corresponding
charts for an urban area show similar
trends but with rather less variability
between seasons and higher average
attenuations.

A further study® was conducted
using data provided by the UK
Weather Centre, spanning a period of
9 years from January 1975 to
December 1983. Figure 7 shows some
of the results obtained for three
major UK cities.

It is apparent that atmospheric
attenuation is consistently low for all
three cities for 99% of the time. Put
another way, a free-space link span-
ning say 1 km in any of these cities
would achieve an availability (that is,
up time) of 99%. Figure 7 suggests
that this figure could be improved to
99-5% given a suitable power budget
etc.; however, 99:9% would be very
difficult to achieve. Of course, by
reducing the link length and/or
increasing the power budget, the
availability will increase correspond-
ingly.

Scintillation

Scintillation is the result of solar
energy heating small pockets of air to
slightly different temperatures,
thereby creating regions of varying
refractive index along the propaga-
tion path. This causes the optical
signal to scatter preferentially at
very shallow angles in the direction
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of propagation, whereupon multiple
signals, all phase-shifted relative to
each other, arrive simultaneously at
the receiver. This in turn causes the
amplitude of the received signal to
fluctuate rapidly by as much as

30 dB if conditions are unfavourable.
The power spectral density of these
fluctuations typically spans 0-01-
200 Hz and hence can give rise to
long bursts of data errors. Scintilla-
tion also distorts the wavefront of the
received optical signal, causing the
focused image at the photodiode to
dance around the surface of the
device. This requires a larger-than-
normal photodiode to be used in
order to ensure that the signal is
never lost. Scintillation is generally
not significant over distances less
than 500 m but increases rapidly
with distance.

Receiver

Optical-fibre receivers mostly employ
a transimpedance design because
this affords a good compromise
between bandwidth and noise, both
of which are influenced by the
capacitance of the photodiode.
Because of the large-area photo-
diodes that must be used in optical
wireless receivers, designs which are
significantly more tolerant of high
device capacitances are required. A
purely transimpedance design can be
used, but, to achieve a useful band-
width in the presence of such a high
photodiode capacitance, the feedback
path must have a very low imped-
ance, which in turn increases noise
and reduces sensitivity. An improved
approach common in optical wireless
receivers is to combine
transimpedance with bootstapping,
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Figure 7—Atmospheric attenuation averaged over 9 years

the latter of which reduces the
effective photodiode capacitance as
perceived by electrical signals. This
allows a relatively high feedback
impedance to be used which reduces
noise and increases sensitivity.

The circuit diagram in Figure 8 is
typical of those used in optical
wireless receivers. The feedback path
(F) of the transimpedance portion is
evident, as is the capacitive
bootstrapping (B) at the input.

As in all optical receivers, fibre
and wireless alike, their sensitivity is
a trade off between photodiode
parameters and circuit noise. For
example, applications that require a
good sensitivity will invariably use a
small-area photodiode, which means
that the aperture is small. Such
receivers tend also to be high speed.
Receivers for long-distance point-to-
point systems generally fall into this
category. Conversely, applications
that require a large aperture must
use a large area photodiode, where-
upon sensitivity and speed are
reduced. Indoor systems fall into this
category.

BT Laboratories has developed a
variety of receivers using PIN and

Figure 8 —Simplified circuit diagram
of an optical wireless receiver
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avalanche photodiodes (APD) of
different dimensions. The circuits
used are all based on the design in
Figure 8. The sensitivities of some of
these receivers are summarised in
Figure 9, all for a 155 Mbit/s data
rate. As predicted, the sensitivity
improves (that is, reduces in numeri-
cal value) as the photodiode area
reduces because of the correspond-
ingly lower capacitance. However,
small-area photodiodes incur a
greater coupling loss due to the small
aperture they present to the incom-
ing beam, so a careful trade off
between these factors is necessary to
optimise the final performance.

Figure 9 also shows that a
receiver with an APD gives a 10 dB
sensitivity advantage over a corre-
sponding PIN receiver, which is
consistent with observations on
optical-fibre receivers. APD receivers,
however, are more costly and require
high operating voltages, hence are
predominantly used in specialist
systems where performance is key.
Systems in which economy is a
priority, such as most indoor applica-
tions, favour PIN receivers.

The choice of photadiode, as well as
influencing sensitivity, also impacts on
operating safety. Most large-area PIN
photodiodes are fabricated in silicon
(Si) to keep cost low but they can only
detect light at short wavelengths (up to
about 900 nm). Systems employing
such devices with laser transmitters
achieve Class 1 eye safety by keeping
the launched power below about
0-5 mW (Figure 2). Consequently, the

Figure 9— Receiver sensitivity (at
155 Mbit/s) in relation to photodiode
type and area
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power budget is low. However a
selection of large-area PIN photodiodes
are now being fabricated in gallium-
indium-arsenside (GalnAs) which
enable receivers to operate in the long
wavelength windows (1310 nm and
1550 nm). With these devices the
associated laser transmitters can
launch up to 10 mW and remain Class
1 eye safe (Figure 2). Indoor systems
that exploit this can therefore deliver a
good power margin together with a
high capacity. Commercial large-area
APDs in contrast are rather lagging
behind. They are still predominantly
fabricated in Si and hence are limited
to short wavelengths and launch
powers of about 0-5 mW for Class 1
operation. The greater sensitivity of
APD receivers does of course compen-
sate for the low launch power, but the
PIN receiver is still the more elegant
and cost-effective option for indoor
applications. A limited selection of
commercial large-area APDs in
germanium (Ge) is available and hence
canoperate in the 1310 nm window
where the Class 1 eye safe limit is
raised to 46 mW (Figure 2). However,
these devices exhibit very high leakage
noise and can require operating
voltages as high as 300 V to achieve an
optimum performance, so once again
the PIN solution is generally preferred
for indoor applications.

Interference from ambient
light

Because of the wide field of view (that
is, aperture) of a free-space optical
receiver, stray light, in addition to the
wanted optical beam, can reach the
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photodiode. This is particularly the
case with some indoor systems (see
later on diffuse systems) in which the
receiver can ‘see’ nearly everything
above the plane of the photodiode.
Ambient light raises the level of
photonic noise in the receiver and
hence can impair performance.
Fortunately the properties of ambient
light sources lend themselves to
straightforward remedies.

First, by placing a narrowband
infra-red filter in front of the
photodiode the level of ambient light
relative to the wanted beam is
significantly reduced (Figure 10).
Consequently, photonic noise in the
receiver predominantly originates
from the wanted signal, which is the
optimum condition. Infra-red filters
may be fabricated in glass or plastic,
depending on the optical quality
required and the application.

Secondly, the power spectral
density of ambient induced noise
extends from DC to typically a few
tens of kilohertz, exceptionally a few
hundreds of kilohertz, depending on
the type of source. By conveying the
data over the optical beam on a high-
frequency subcarrier, or more com-
monly by applying a line code that
contains no low-frequency compo-
nents, interference is entirely avoided.

The strong DC content of ambient
light also means that the dynamic
range of the receiver could be
impaired. By using the above infra-
red filter and a receiver design which
cancels or blocks any DC from the
photodiode, this form of impairment
is avoided.

Figure 10— The use of an infra-red filter to reduce ambient light at the receiver
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Figure 11— Experimental 4 km point-
to-point system

Long-Distance Systems
(100 m-5 km)
Earlier in this article the strong
influence that atmospheric loss has
on spans greater than, say, 500 m is
outlined. These systems must
therefore have a good power budget
to ensure error-free transmission,
particularly so if high-speed opera-
tion is required (for example,

155 Mbit/s or higher). This can be
achieved by addressing each of the
three system elements: transmitter,
propagation path, receiver.

A high-power Class 3B semicon-
ductor laser can be used as the source,
emitting perhaps 100 mW (+20 dBm).
Alternatively, a lower-power device
can be coupled to an erbium-doped
fibre amplifier (EDFA) to achieve the
same end result. BT Laboratories
utilised the latter approach in a trial
155 Mbit/s link that spanned 4 km
between Imperial College and
University College in London®. The
use of an EDFA dictated the use of a
laser wavelength of 1550 nm, which
enabled the system to be Class 1 eye
safe while affording a useful launch
power of 10 mW (Figure 2). The key
elements of the system are depicted in
Figure 11.

A good power budget requires
that the overall propagation loss is
minimised. Little can be done to
alleviate the various atmospheric
losses; however, steps can be taken
to minimise free-space loss (Fig-
ure 4). This requires the use of
appropriate optics at each end of the
link to minimise beam divergence
from the transmitter and maximise
the aperture of the receiver. The BT
Laboratories experimental system
(Figure 11) achieved this by using
an astronomical telescope at each
end (Schmidt-Cassegrain, 20 cm
aperture). The resulting beam
diameter at the receiver was
typically 2 m, which equates to a
free-space loss of 20 dB. It was
possible to reduce the beam diam-
eter to only 0'5 m (8 dB free space
loss) but then maintaining beam
alignment became more difficult.
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Beam alignment is a critical factor
in long-distance point-to-point
systems because it will drift with
time owing to temperature changes
and fatigue in the anchorage assem-
blies at each end. Some means of
automatically maintaining alignment
by mechanically steering the beams
is desirable, particularly in commer-
cial installations where maintenance
intervention must be kept to a
minimum or even avoided altogether.
A long-distance system developed
and marketed by Canon® embraces
this requirement to the fullest extent.
After crude alignment, each end of
this system locks on to the other and
maintains alignment even in the
event of the transmitter/receiver
units being jolted or moved off-axis
by several degrees. Of course, such
robustness comes at a premium.

The need for automatic beam
alignment is taken to the extreme in
orbital inter-satellite systems where
path lengths of many thousands of
kilometres are encountered. Such
systems are being considered for
high-capacity links between telecom-
munications satellites to re-route
spare capacity and establish round-
the-globe links without having to
return to ground stations at interme-
diate points. Since atmospheric loss
under these circumstances is zero,
path loss is entirely limited by the
optics employed.

Receiver sensitivity is the final
factor in achieving a good power
budget. Since the best sensitivity is
usually delivered by an APD-fronted
receiver (Figure 9), these are gener-
ally used in long-distance systems.
The relatively high cost of these
receivers is offset by the commercial
advantage afforded by the greater
reach. In any case, receiver cost tends
to be a small factor in the cost
equation for long-distance systems.

The data rate versus distance of
the 4 km system and others devel-
oped by BT Laboratories are plotted
in Figure 12, together with commer-
cial systems from Canon®, AirOptics®
and CableFree’. It is unlikely that
long-distance point-to-point systems
will afford reliable spans much
beyond 4-5 km because of the
extreme vagaries of atmospheric loss.
Systems such as the Canon and BT
Laboratories’ ones are indeed capable
of longer distances (for example,

8 km has been reported) but only
when the weather, season and time of
day combine to produce ideal condi-
tions. This might equate to an
availability of only 1-10% averaged
over a year, whereas users require at
least 99%. Indeed, some applications
in telecommunications require
99-99% or even 99-999% (referred to
as five nines). As Figures 3 and 4
show, obtaining that extra percentage
point requires a significant improve-

Figure 12— Capacities and distances for various point-to-point systems
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Figure 13— Optical telepoint

ment in the power-budget param-
eters, which in turn will be reflected
in a higher cost. It is therefore
believed that the largest market for
long-distance point-to-point systems
will involve sub-1 km spans, with the
market for spans greater than 1 km
largely confined to specialist applica-
tions. Of course, in countries such as
the USA which enjoy a predomi-
nantly dry climate and contain large
open expanses, the balance and size
of these markets will be different.

Short-Distance Systems
(less than 100 m)

All of the design and performance
factors described above for long-
distance systems apply equally to
short-distance systems but with one
obvious exception—atmospheric loss
has a much reduced effect, and none
at all for indoor systems. The power
budget is therefore determined
almost entirely by the transmitter
launch power, free-space loss, and
receiver sensitivity.

Point-to-point systems

Outdoor short-distance systems, used
perhaps to deliver high-capacity links
between neighbouring buildings, enjoy
the luxury, as do long-distance
systems, of utilising a high-power
Class 3B emitter since these systems
will be located away from people. A
good power budget can therefore be
achieved even with relatively simple
components. This, combined with the
low atmospheric loss, means that a
higher free-space loss can be tolerated
in return for the convenience of a
larger beam diameter at the receiver.
Setting up and aligning these systems
is then significantly easier than their
long-distance cousins, and, further-
more, automatic alignment and
tracking is not required. Conse-

Figure 14— Optical telepoint locations

quently, overall complexity and cost is
significantly reduced. Figure 12
includes the results of some BT
Laboratories’ experiments in this
area. The 1 Gbit/s result over 40 m is
particularly interesting as it shows
the feasibility of using optical wireless
as a high-capacity link between
neighbouring buildings or as a
temporary ‘bridge’ in the event of a
cable failure?.

Indoor point-to-point systems do
not differ from the outdoor variety in
their operating principles; however,
in practice their designs are invari-
ably very different. Firstly, they must
be Class 1 eye safe, which generally
means that the optical source is an
LED. This in turn limits the capacity
to typically a few megabits/second.
On the other hand, indoor systems
need none of the weather proofing
that outdoor systems require and
only operate over short distances;
hence they can be produced very cost
effectively. A good example of such a
system is manufactured by JVC®.
Here a capacity of 10 Mbit/s can be
conveyed over a distance of around
20 m (included in Figure 12). Such
systems could be used to, for exam-
ple, extend a 10 Mbit/s local area
network (LAN) port to a different
part of an office where no convenient
port exists, or to link two separate
offices via a corridor.

Telepoint systems

Indoor applications, being fundamen-
tally confined to short-distance spans,
are uniquely appropriate to optical
wireless systems that utilise wide
diverging beams rather than the
narrow beams of point-to-point
systems. Such systems, sometimes
referred to as optical telepoint systems

British Telecommunications Engineering, Vol. 17, Jan. 1999
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(Figure 13), afford several attractive
features. Most importantly, each ‘cell’
created by an optical telepoint base
station can be shared by as many users
as can be sensibly accommodated
within the cell.

The rationale behind telepoint is
that users who wish to access a high-
capacity link enter the cell. These
cells are not ubiquitous as are those
for mobile telephony, and neither do
they overlap. Rather they are
discrete entities and are located
where users would normally require
a high-capacity link. Once within the
cell each user is free to roam within
the cell, but not beyond. Some users
may choose to enter the cell and then
remain stationary; for example, as
would be done in hot desking. In
contrast, others may need to roam
within the cell while maintaining a
wireless link to the network; for
example, hospital staff using some
form of mobile terminal within a
ward-sized cell. In either case, the
users’ terminal produces an up-beam
that must always point at the base
station. Achieving this in a roaming
scenario is clearly a greater technical
challenge than with stationary users.

BT Laboratories has experimented
with several telepoint systems,
creating cell diameters ranging from
10 m down to 0:5 m. The larger cells
might be deployed in open offices and
public areas such as foyers, libraries,
waiting rooms, hospital wards, etc. The
smaller cells (for example, 1 m or less)
are particularly suited to applications
in which a cell is dedicated to a single
user; for example, a desktop or a
telephone booth (Figure 14).

A good example of a commercial
telepoint system, again manufac-
tured by JVC?, generates a cell of
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about 10 m diameter, which is
sufficient space for up to say six
simultaneous users. Each cell
delivers a capacity of 10 Mbit/s
(included in Figure 12) which is
shared between the users via
conventional LAN protocols. LEDs
and PIN photodiodes are used
throughout and line-of-sight paths
are required between the base
station and all the user terminals. As
we will shortly discover, line-of-sight
propagation is in fact vital if capaci-
ties more than a few megabit/second
are to be reliably achieved.

The user stations in the JVC
system are equipped with automatic
acquisition and tracking which
ensures that setting up and main-
taining a link takes but a few
moments. The mechanism by which
this is performed is not suited to
users who wish to roam within the
cell. A later section describes alterna-
tive approaches to achieve that
requirement.

Diffuse systems

The converse to indoor systems that
employ line-of-sight paths are those
that employ diffuse paths (Fig-

ure 15). In this group of systems the
beams radiate over a very wide angle
and hence reflect off surfaces and
objects in the vicinity such as walls,
ceiling, floor, furniture, etc. In
addition, the field of view of the
optical receivers in the base and user
stations is widened to such an extent
that line-of-sight, as well as reflected,
light can be detected with the same
ease. Such an arrangement goes
some way towards guaranteeing that
a signal path is always present,
regardless of obstacles or people

Figure 15— Diffuse optical wireless
system
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impeding the line-of-sight path. This
arrangement also allows roaming to
some degree. The penalty, however, of
diffuse (that is, dispersive) transmis-
sion is a much reduced capacity
compared with line-of-sight systems.
This is entirely a consequence of the
multiple signal paths reaching the
receiver which cause classic pulse
spreading and inter-symbol interfer-
ence. Research has shown!® that the
theoretical capacity of a diffuse
system is a function of many factors
such as room size and geometry, the
fabric and distribution of furnishings,
the placement and orientation of the
base and user stations, etc. General-
ising, this work predicts an upper
bound of about 25 Mbit/s in a room
10 m on a side, although higher rates
have been demonstrated under
particular conditions.

Interference from ambient light is
a particular issue for diffuse systems
because of the extremely wide field of
view of the receivers. However, as
outlined earlier, the use of infra-red
filters and robust signal formats
minimises any performance penalty
that may arise.

A good example of a diffuse
system is manufactured by
Spectrix!’. A single base station can
comfortably irradiate a room 10 m on
a side and deliver 4 Mbit/s, which of
course is shared by the users within
the cell. This system, like the JVC
system described above, utilises LED
emitters and PIN photodiodes to be
Class 1 eye safe and to keep cost low.

Roaming Architecture for
Indoor Systems

In many indoor applications, it is
desirable to deliver capacities far
beyond the 4-10 Mbit/s described
above for today’s commercial sys-
tems. However, as mentioned earlier,
to do so requires lasers to be used as
the emitter because of their higher
speed, and, to remain Class 1 eye
safe, they must be operated at low
power levels (Figure 2). In addition,
propagation must be entirely line-of-
sight. Given these constraints it

becomes necessary to reduce the
diameter of the down-beam such that
it illuminates only a single user
station. Then, by designing the base
station to produce several narrow
down-beams simultaneously, with
each affording a line-of-sight link to
one of several user stations, a high
capacity can be delivered to multiple
users within the same cell. The
beams would be re-used as users
enter and leave the cell, the maxi-
mum number of users at any time
being determined by the number of
simultaneous down-beams that the
base station can produce. In practice,
this number would equate to the
maximum number of users that can
be sensibly accommodated within the
cell. The beams could also be made
steerable thus allowing a degree of
roaming within the cell.

BT Laboratories developed an
experimental system, operating at
155 Mbit/s, to investigate the feasibil-
ity of this concept'% The emitter in
each transmitter was a laser array,
and similarly the receivers used a PIN
photodiode array (Figure 16). Device
availability dictated that only a single
base station and user station could be
constructed, and the laser and
photodiode arrays were one dimen-
sional rather than the ideal two. Upon
arrival of the user in the cell, pilot
LEDs on the base and user stations
enabled the down and up-beams to
locate and lock on to the correspond-
ing receivers. Thereafter alignment
was maintained by monitoring the
power detected by adjacent
photodiodes in the array then realign-
ing the beam as required by activat-
ing the appropriate laser in the array.
At this point, a single laser in each

Figure 16— Concept behind the
tracking system
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array would be activated, the particu-
lar choice depending on the required
launch angle of each beam. This
process would be repeated for other
users arriving in the cell, resulting in
additional lasers in the base station
array being activated. As a user
begins to move within the cell, the
detected beams would migrate from
one PIN to the adjacent one in the
array. This data, when fed into a
tracking algorithm, would cause
different lasers to be activated so that
the beams remain directed at the
corresponding receivers. This process
would continue until the user was
again stationary or had left the cell.

Of course the converse approach
to a roaming architecture is to flood
the floor area with stationary beams,
with each cell wide enough to
accommodate only a single high-
capacity user (Figure 17). Roaming is
then achieved by handing over from
cell to cell, akin to cellular mobile
telephony. BT Laboratories is
investigating this technique for use
in indoor locations such as finance
centres and trading rooms where
there are many mobile users, each
requiring a very-high-capacity link.

These experiments have proven
that very high capacities can be
delivered to multiple users in an
indoor Class 1 eye-safe environment.
Commercial systems with these
capabilities have yet to appear for
reasons that include the immaturity
and high cost of some of the devices,
particularly the arrays for the
tracking architecture.

Figure 17— High-capacity coverage
using stationary overlapping cells
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The IrDA Standard for Very-
Short-Distance Point-to-
Point Systems (for
example, 1 m or less)

An exciting development in recent
years has been the arrival of very-
short-distance ‘point and shoot’
optical wireless systems for laptop
computers, PDAs, palmtops, printers,
calculators, and, most recently,
mobile telephones (Figure 18). Many
of these products are already being
manufactured with these systems
installed as standard. These wireless
systems are commonly referred to as
IrDA systems in recognition of the
IrDA standard that they embody.

The Infra-red Data Association
(IrDA) was established in 1993 with
the aim of producing an open stand-
ard for wireless data communication
using mature commercially-available
infra-red components. The resulting
protocol provides a simple low-power
low-cost reliable means of wireless
infra-red communications for a broad
range of computing, communications,
and consumer devices. The IrDA now
has some 160 member companies
around the world, and IrDA systems
are already resident on over 97% of
new portable computers (this
includes laptops, PDAs, palmtops,
etc.) as shown in Figure 19.

The IrDA standard presently
specifies the following parameters:

@ data rates from 128 kbit/s up to
4 Mbit/s (raising this upper limit
to several tens of megabits/second
is being considered),

@ maximum operating range of 1 m
(increasing this to 10 m is being
considered),

Figure 18 —IrDA point-and-shoot
concept
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@ 30 degree cone from the transmit-
ter that equates to a 50 cm beam
diameter at the receiver posi-
tioned 1 m away, and

@ very wide receiver field of view.

All of these features ensure that a
useful data rate is available over a
wireless link that requires only the
crudest of alignment.

IrDA systems have yet to have a
noticeable impact. Many people who
currently own laptops etc. are not
even aware that they are equipped
with an IrDA port, and of the few
who do know this, very few of them
actually use it. Of the many reasons
why this might be so, the two prime
candidates are the lack of marketing
and the scarcity of locations which
are equipped with IrDA base sta-
tions. A small number of businesses
are beginning to install this technol-
ogy in selected places of work so that
their employees can ‘hot desk’, but
these installations are no more than
local trials. A more concerted and
widespread push is needed if we are
to benefit from the convenience
afforded by IrDA.

Comparison with Radio
Systems

It is worth comparing the perform-
ance of the various short-distance
(primarily indoor) optical wireless
systems discussed in this article with
their radio cousins because recent
advances in the latter have narrowed
the gap to the point that, in some
instances, the optimum choice is not
obvious.

Figure 19— Market penetration of
IrDA systems in portable computers
(source: Dataquest)
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We have described how commer-
cial indoor optical wireless systems
can deliver 4 Mbit/s (diffuse) and
10 Mbit/s (line of sight) into a room of
some 10 m on a side. The technology
exists to improve on these rates and
cell size, particularly so for line-of
sight systems, but standards and
commercial systems that exploit this
have yet to appear. Today’s radio (or
wireless) LAN systems can deliver
2 Mbit/s to multiple users over
distances of typically 50-100 m
depending on terrain, with the
promise of 8-10 Mbit/s in the very
near future. Standards are being
produced for next-generation systems
to deliver tens of megabits/second.

If not capacity, what therefore
differentiates the two approaches?

Radio systems will almost always
afford a greater reach and wider
coverage than optical wireless
systems because a higher transmitter
power can be used and the receivers
can take full advantage of sensitive
heterodyning techniques. On the
other hand, radio will always be a
narrower bandwidth medium than
optical, although this is not apparent
in today’s commercial systems
because optical wireless manufactur-
ers have yet to exploit the available
bandwidth fully.

Seamless Handover

It is clear that optical and radio
systems are complementary in many
respects. Optical wireless (telepoint in
particular) can deliver a high capacity
to multiple users within a small cell,
whereas radio can produce a much
larger cell, but, being shared by many
more users, will deliver a lower
capacity. It is therefore easy to
envisage scenarios in which both
types of system would benefit from
being used in combination. For
example, a large open plan office
would deploy optical telepoint systems
to establish several discrete high-
capacity cells, each enclosing a small
cluster of perhaps 4-6 desks, and
additionally a single radio system
would be deployed to cover the whole
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office. Each desk might also be
equipped with an IrDA base station.

Clearly, it would be desirable for
the workers in such an office to
access the network via whichever
wireless link delivers the highest
capacity to their laptops (or some
other portable device) at that time.
Furthermore, it would be equally
desirable to have sufficient intelli-
gence within these laptops to
handover, automatically and
seamlessly, from one wireless scheme
to the other as the workers roam
throughout the room, thus maintain-
ing a link at all times. A typical
sequence might then be: a worker at
his/her desk accesses the network
from his/her laptop via 10 Mbit/s
telepoint or 4 Mbit/s IrDA; upon
leaving the cell the laptop hands over
to the office-wide radio cell which
delivers a 40 kbit/s link (derived from
2 Mbit/s shared between 50 users);
upon returning to a telepoint or IrDA
cell, the laptop hands over and the
original data rate is restored; and so
on. The intelligence within the
laptop, as well as managing the
handovers, would also take account
of the different capacities by tailoring
the quality of service delivered to the
user. For example, streamed televi-
sion (vision and sound) at the desk
via telepoint or [IrDA might be
reduced to sound only in the radio
cell, then back to vision and sound
upon return to a desk.

Of course, handover need not be
confined to indoor wireless technolo-
gies. GSM can also be included to
great effect. A typical sequence might
then be: a worker at his/her desk
accesses the network from his/her
laptop via 10 Mbit/s telepoint or
4 Mbit/s IrDA; while roaming the
office the laptop hands over to the
radio cell which delivers a 40 kbit/s
link; upon leaving the office, or even
the building, the laptop hands over to
the 9-6 kbit/s channel provided by the
GSM network; and so on. Once again
the quality of the delivered service
would be managed automatically in
accordance with the capacity of the
link in use.

BT Laboratories is investigating
several handover schemes that can
support these scenarios. For example,
handover between IrDA and GSM,
and IrDA and DECT, have been
succeessfully demonstrated. By
building on this work, handover
schemes that have the ubiquity
envisaged above and in the prologue
to this article will become practicable.

Closing Remarks
This article has summarised the
principal developments to date in the
field of optical wireless, with particu-
lar emphasis on the capabilities and
opportunities presented by today’s
commercial systems. It is clear that
the field has reached a reasonable
degree of maturity and the large-
scale deployment of these systems is
now feasible. However, for this to
happen, the industry needs to take a
proactive position in promoting these
systems, and their radio cousins, if
we are to realise the future that we
aspire to. The onus is on us!
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MOBILITY AND RADIO COMMUNICATIONS

Paul Tattersall

Professional Mobile Radio—
Service, Market Position and

Professional mobile radio
(PMR) is widely used in
industry where people need
to move and communicate in
closed groups as part of
their work. This article
discusses how PMR service
should be thought of as part
of a business process, the
system functionality
required to make this
happen, the supporting
technology and market
considerations which will be
a factor in PMR growth. The
outlook for convergence of
third-generation mobility to
be provided by Universal
Mobile Telecommunications
System (UMTS) and PMR
technology is also examined,
concluding that convergence
is unclear at present, but
there is similarity in

requirements.
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Technology

Introduction

Professional mobile radio (PMR)
services are widely employed by a
range of corporate users, such as the
police and fire services, the utilities
(gas, water and electricity), in
transportation and on specific sites
such as airports and industrial
premises (Figure 1).

A multitude of analogue and
newer digital PMR technologies exist,
which are all designed to support
closed-group communications that
are an integrated part of a business
process. Closed-group communica-
tions is a key mode of PMR opera-
tion, whether this is for a ‘public
safety’ organisation such as the
police, a fleet of delivery vans, site
security or a taxi company. A dis-
patcher usually controls closed user
groups. This is a person or system
typically based at a central location,
who initiates and controls the actions
of the ‘group’. The dispatcher can

control several groups at one time,
and is able to join or leave groups at
will. The dispatch terminal can be
very simple, as say in a taxi office
operation, or be a very complex
IT-based system, as would be found
in many police control rooms.

Public cellular radio systems are
currently designed to provide point-
to-point telephony and data commu-
nication. This functionality does not
provide an ideal solution to the needs
for group working and other PMR
functionality within businesses
(Figure 2). The range of PMR
functionality is discussed in more
detail later, but performance aspects
such as fast call set up are also of key
importance.

The nature of call traffic on a
PMR system is fundamentally
different from that found on a public
cellular system. Apart from group
communications, the length of calls is
usually very short compared to those
on a public telephone system, with

Figure 1—PMR is widely employed by a wide range of corporate users
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Figure 2—PMR service is aimed at
group working

restricted scope of content. For voice
communications, these are typically
4-5 seconds in length, compared with
90 seconds on public cellular systems,
and usually in half-duplex mode.
Most communications are made to
and from a dispatcher at present
(Figure 3).

The use of status data codes such
as ON DUTY, can be sent in one byte of
data, and is a very efficient way of
communicating routine information
within a business. The use of packet
data communications on modern
digital PMR systems enables efficient
database enquiries to take place,
whether this be a check of stocked
components, a trace of a suspect
vehicle, a building plan or mainte-
nance instruction to a service
engineer. It is in fact possible to meet
some users needs solely through the
use of data communications, only
reverting to voice when an out of the
ordinary situation occurs!

The primary business aim of any
corporate user is to improve produc-
tivity by utilising a service which
enables faster, simpler and more cost-
effective communications. This
involves the integration of a PMR
system with the organisation and its
management processes. These
management processes have in the
past been paper-based, but nowadays
more commonly use information
technology (IT), where the use of data
communications are of paramount
importance to operational needs
(Figure 4).

PMR Service functionality

3 === = = =< = = <2}
The functionality of modern digital
PMR technologies has been defined
through the requirements identified
in business operations and the new
possibility for more efficient operation
through more advanced technology.

Although not all PMR users will
want the full service set provided by
modern PMR technology, it is useful
to see what is offered and how the
functionality can be used.

The following is a very abridged
version of the terrestrial trunked radio
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PMR STANDAROS ANO TECHNOLOGIES ARE BUILT FOR FLEET COMMUNICATION—

MISSION CRITICAL WORKFORCE ANO INCIDENT MANAGEMENT

(TETRA) service set and demonstrates
key PMR features and use.

TETRA system operation
modes

Voice + data (V+D) and packet
data optimised (PDO) modes

The primary operation mode for
TETRA is currently the so-called
voice + data mode, in which the radio
interface uses separate control and

MOBILE TELEPHONY
A0OS MOBILITYTO

TELEPHONY SERVICE

traffic channels to route data to
terminals. Another TETRA option
under development in the standards,
known as the packet data optimised
(PDO), is a data-orientated solution
that can be used where speech is not
necessary or appropriate. For
example, many taxi companies these
days do not use voice since they can
make better use of automated
dispatch systems that talk in data
messages not speech. Use of data can

Figure 3— Cellular telephone and PMR traffic ‘profiles’
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Figure 5— Direct mode communica-
tions

also be highly efficient and utilise
less radio resource, therefore being
more cost-effective for the user.

Direct-mode operation (DMO)
Direct mode operation allows commu-
nications directly between handsets or
from handset to mobile-mounted
equipment, without the use of network
infrastructure. This is very different
from public cellular systems where all
calls have to be set up via the network.

Not all users will need the direct
mode facilities, but it is an essential
requirement for public safety users,
where communication must still be
possible when access to the network
is unavailable. It may also be used
for radio coverage extension from the
network; for example, when reliable
communications to the network
cannot be achieved into a building, a
link can be set up via a direct-mode
gateway mounted in a nearby
vehicle, which is connected to the
network. (See Figure 5.)

Dual-watch mode may also be
used, where a user can listen for
activity from both network and direct-
mode users simultaneously, and join
the conversation in either if required.

TETRA service set

Voice (point to point)

A caller speaks to a single recipient—
like most calls on a public telephone
system.

Voice (group calls—many modes;
acknowledged or unacknowl-
edged)

Several terminals are linked together
in simplex mode (only one talker at a
time, while the rest of the group
listens). The leader of the group is often
a dispatcher, but not necessarily so.
Group members are aware of the
terminals connected if in acknowledged
mode, which is normally indicated on
terminal display. Groups are usually
pre-defined and selected by operation
of a simple terminal control. However
the group can be defined dynamically
and members can be added to the
group while the call is in progress.
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Broadcast calls

A dispatcher or mobile user may
broadcast a call to all users in a
selected geographic area. This is a
very useful work management facility;
for example, a plumbing company
may want to establish quickly who is
available to attend an emergency call
for repairing a burst pipe!

Data services (circuit mode, packet
and short data service (SDS))
Internet protocol (IP) packet data
mode supports TCP/IP sessions. This
may be set up in either connection-
oriented or connectionless modes. The
connection-oriented service estab-
lishes virtual connections between the
sending and receiving terminals as
needed to transfer X.25 data packets.
The connectionless service transfers a
single packet of data only without
establishing the virtual connection.
The functionality it offers is very
similar to that of the IP.

Circuit mode is the establishment of
an end-to-end bearer. This end-to-end
circuit can be used unprotected or at
various levels of protection. In
unprotected mode, no error correction
algorithm is applied and thus yields the
highest channel data rate, while a
high level of protection gives lower
probability of errors, but lowers the
overall useful data rate. The TETRA
standard allows the concatenation of
traffic time-slots on a single radio
carrier to give a maximum data rate of
28-8 kbit/s. (TETRA voice + data system
set up). Users, may of course apply their
own end-to-end error-correction

TRUNKED CHANNEL

protocols, but these would obviously
work without detailed information of
the radio-channel performance, which is
internal to the TETRA system.

Circuit mode data is used in point-
to-point communications, but
development of an IP is underway so
that groups may be addressed
simultaneously. This is known as user
data protocol (UDP).

SDS is a message service
optimised for the exchange of short,
user-defined or pre-defined (status)
messages. These messages may be
sent simultaneously with an ongoing
speech call. User messages may be of
three fixed lengths (16, 32, or 64 bits)
or variable in length up to 2047 bits.

Supplementary services

Several supplementary services
modify or supplement the basic
services. Examples of these are call
prioritisation and pre-emption
(where traffic grade of service may be
controlled through the prioritisation,
but allow emergency calls immediate
access through pre-emption), talking
party identification and dynamic
group number assignment. These are
in addition to telephone-like services
such as call diversion, call waiting,
call completion on busy, etc.

System interfaces

Dispatcher interface

Most traffic usually passes through
the dispatcher in traditional PMR
systems. This was necessary because
old technology only allowed calls to

British Telecommunications Engineering, Vol. 17, Jan. 1999



be set up by a central dispatcher (like
pre-automatic telephone operation).
This mode was acceptable to users
with a vertically structured organisa-
tion, where commands came from one
source. Modern systems allow a
different organisational approach,
where routine commands and
enquiries no longer need include the
dispatcher, except for supervisory,
special commands or more unusual
enquiries.

The dispatcher interface does
however remain a key and important
part of a modern PMR system and
must be able to support many
simultaneous calls with a very high
degree of reliability.

Line station interface

This allows the connection of a wired
mobile, suitable for situations where
radio coverage is not required; for
example, a desk-based user.

Inter-working to PSTN, ISDN,
PBX, IP networks

Public switched telephone network
(PSTN), integrated services digital
network (ISDN), PBX and IP network
gateways allow users to make and
receive calls from other networks. The
provision of duplex operations means
that calls to the PSTN and PBXs are
just like present public cellular calls.
PMR users are allocated their own
national number identity, although
incoming calls may be intercepted at
an organisation’s switchboard, in the
same way that business PBX opera-
tion is often set up.

It is expected that mobility
features—features which present
PMR users with a virtual home
environment, wherever they are and
whatever terminal —will be devel-
oped eventually. There will however
be restrictions on this for public
safety users, for reasons of security.

System-wide roaming

The TETRA standard allows users to
enjoy system-wide roaming (connec-
tion anywhere on the network) as
opposed to limited area or regional
services provided at present. How-

Figure 6—Growth of PMR and
PAMR users

ever, an operator may choose to
provide selective geographic service
based on a scale of different call
tariffs and classes of service.

Roaming on other TETRA networks
is possible through an intersystem
interface (ISI) agreed between opera-
tors. It is envisaged that European-
wide service, using TETRA networks
run by different operators, will be
available in the future.

Data interface and application
interface (API) on mobile

A comprehensive interface is pro-
vided on terminals for running
independent data applications with
call control. Many applications may
be cited, but users typically want to
have automatic vehicle location and
central database enquiry facilities.

Charging records

TETRA manufacturers are making
appropriate usage statistics available
so that operators can deliver the usage
and billing information in a manner
that meets customer needs.

European PMR Market
Considerations

! = 1Y = e - o ==
There is a multitude of disparate PMR
systems being operated within Europe
and worldwide. Only a few of these
give nationwide coverage, while the
majority are regional, town and site-
wide systems. Many of these use old
analogue technology and, despite
limited functionality, are still providing
good and cheap service. Therefore
migration to modern nationwide digital
PMR networks may not be rapid.

The PMR market is growing, albeit
more slowly than it has for GSM
public cellular service. The total
number of users within Europe is
currently around 7-5 million and this
is expected to increase to approxi-
mately 11 million users by 2002!.
These numbers may be split into PMR
and public access mobile radio
(PAMR) networks (Figure 6), where
PAMR provides service to several
users on the same network infrastruc-
ture. Although these user numbers
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are small compared to public cellulay,
the traffic level and range of services
used can be relatively high.

Much also depends on the avail-
ability of suitable radio spectrum,
spectrum pricing and demonstration
of cost-effective and reliable digital
PMR network technologies. These are
early days for digital PMR technol-
ogy and additional spectrum is being
made available only slowly by
European countries for commercial
PMR operation, although a fairly
harmonised allocation spectrum for
public safety use has already been
achieved. The situation is better than
it was for the introduction of GSM
public cellular systems, as current
digital PMR systems are narrow-
band and therefore blocks of frequen-
cies are not essential. However, fixed
duplex spacing for up and down links
means that the allocations must be
paired.

Many potential PMR users
currently use public cellular services
which may also add to these projec-
tions. Nextel, who sell PMR service
to more than 2 million users in the
USA, provide an interconnect
service, allowing public cellular like
connection. The proportion of calls
which may be connected in this way
may be regulated in some countries,
but does overcome the barrier of
having separate PMR and cellular
telephones and thus is an attractive
package for users. There is, however,
a threat from cellular operators who
will be able to provide some key
PMR functionality on cellular
systems (see section on technologies
below).

The European public safety PMR
market position is fairly clear, with the
users insisting upon essential services
which can be provided only by thor-
oughbred PMR technology such as
TETRA. The growth of commercial
PMR service is much dependent upon
the economy of scale (volume take up),
the economy of service integration, the
economy of business application and
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capital efficiency. Several operators
and manufacturers are keen to make
this a successful business, and some
keen competition is arising, so growth
can be expected.

Mainstream Modern PMR
Technologies, Networks
and Developments

Many analogue PMR technologies
are currently used to serve the needs
of PMR users within Europe. Perhaps
the most successtul of the more
modern technologies is the so-called
MPT 1327 trunked system, which
has many modern call features and
makes efficient use of radio spec-
trum. The use of analogue technology
has an inherent drawback as commu-
nications tend to become increasingly
data oriented. These systems also
lack communication security across
the air interface, with many
instances of the criminal fraternity
and press intercepting public safety
communications. The use of digital
technology is helpful in overcoming
these problems. This section there-
fore focuses on the more modern
digital cellular technologies.

TETRA and TETRAPOL

The European community, through the
European Telecommunications
Standards Institute (ETSI) has always
tried to agree common standards for
interfacing communications systems
guided by the views of operators,
manufacturers and users. The agree-
ment of GSM cellular radio standards
has been an outstanding success,
ensuring volume production across the
European community and overseas.
The PMR fraternity has tried to
emulate the same success with the
formation of the TETRA standard,
which has open system interfaces and
the comprehensive service set de-
scribed earlier. One other digital PMR
system has gained some ground within
Europe—Matra’s proprietary
TETRAPOL system. This system has
many good features, but is unpopular
with many operators and other
manufacturers because it is a propri-
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etary solution. This may cause a divide
within Europe and limit the success of
TETRA systems both commercially
and in ubiquitous service availability;
for example, intersystem roaming.
Currently, 15 TETRA national and
regional networks are under trial or
roll-out, and this figure is expected to
rise. TETRA does, therefore, seem set
for success, but it will probably never
be as cheap as current cellular
service, as it will not have the same
production volume. It is, however the
only thoroughbred technology which
will fully meet the needs of many
professional mobile radio users. It is
therefore difficult to compare the
costs of public cellular service with
PMR, as they are different services.

GSM PMR functionality

While the GSM system was designed
for public telephone and data use
from the outset, some features have
been added which give it some key
PMR functionality. These are known
as the GSM advanced speech call
items (ASCI).

The GSM ASCI features have been
used in the GSM design for railways
known as GSM-R for which an agreed
frequency allocation at 900 MHz has
been reached within Europe.

GSM PMR functionality falls into
three areas:

@® broadcast calls,
@ group calls, and
@ priority service.

This is clearly a limited service set
compared to that of TETRA discussed
earlier. It should also be noted that
GSM cannot provide direct mode
communications; however, not all PMR
users will require this facility and the
additional GSM functionality may be
sufficient to meet many users needs.

There are also some fundamental
differences in the relative perform-
ance of TETRA and GSM systems. A
key performance metric for a PMR
system is call set-up time. This is
typically less than 300 ms for a

TETRA system, and around 1 second
for GSM working in its PMR mode (3-
4 seconds for normal telephony call
set up). A call set-up time of around 1
second is probably not acceptable for a
mission-critical operation, but may be
acceptable to other PMR users.

The network architecture design
for public telephony is designed for
optimum performance against cost,
based on an analysis of call destina-
tion and length. This is unlikely to be
the same for PMR operation, so some
compromise would have to be made if
existing networks were augmented
with PMR service.

GSM is therefore not a prime
PMR technology, but does have the
attraction of a volume market and
lower entry costs for many users.

American PMR technology?
Several American digital PMR
technologies are used throughout the
world. Although an attempt has been
made to produce and promote a
common standard (APCO 25), in the
same way as GSM and TETRA in
Europe, this has not yet been suc-
cessful and several popular propri-
etary solutions currently serve the
market. The allocation of frequency
also has a large bearing on the
technology used and tends to pre-
clude systems needing contiguous
blocks of spectrum.

The more popular technologies are
listed below:

® Motorola iDEN Widely used by
Nextel for PMR and telephone
interconnect service with upwards
of one million customers. Coverage
for 60% of the US population and a
45% market share. The next biggest
operator has only 5% market share!
Limited open interfaces.

® Geotek FHMA A modern
technology using frequency-
hopping multiple access (FHMA)
to improve coverage at low speed
and control interference from
other users. Large number of
regional licences, but technology
not widely rolled-out yet.
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Figure 7—Varying system resource by
area

® Ericsson EDACS Enhanced
digital access communications
(EDAC) is a fairly old technology,
but still going strong with new
systems being installed in Eastern
Europe ete.

® EF Johnson ‘D-Net’ A frequency-
division multiple access (FDMA)
with 12:6 kHz channel spacing.

Future Digital Trunked PMR
Technologies

UMTS

The Universal Mobile Telecommuni-
cations System (UMTS) is seen to
provide full integration of fixed and
mobile environments providing
multi-service capability in all
environments while users are
unaware of any changes, perceiving
they are still attached to their own
home network (that is, the support of
virtual home environment (VHE)). It
provides dynamic bit-rate allocation
and global roaming, and supports
both personal and terminal mobility
to obtain the ‘Martini’ concept of
anyone, anywhere and in any
medium! (See Figure 7.)

The UMTS system has, to date,
been designed with public communica-
tions in mind and has an evolutionary
path largely based on GSM develop-
ments. The system does, however, have
features which have a broad similarity
to those required for PMR service®,

One of these requirements within
UMTS is the support of the VHE
feature, whereby the visited network
has a complete set of subscriber
preferences, service subscriptions and
restrictions, giving the impression to
the user that they are still attached to
their home network. For TETRA this
may mean the identification of closed
users groups, specific dialing codes,
specific bearer resource allocation
requests and priority call set ups etc.

Possibly the strongest of these is
that the user, when making a request
to the network for resource (that is, to
make a call), indicates a set of service-
related parameters and a destination.
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The network uses these parameters to
put the necessary resource in place to
meet the customer’s request, the
parameters are known as the quality-
of-service information. In the selection
of network infrastructure and
techniques many experts recommend
packetised communication solutions
since these can be configured to offer
bandwidth on demand, user
prioritisation and resource sharing.

Recent developments of Internet
protocol are bringing group and real-
time services to the marketplace.
These service types are the basis of
group services that will become
normal practices in corporate local
area networks (LANS). The key
message is that, as networks and
nodes develop, the access will become
packet based and the communica-
tions solutions will be derived from
the information technology (IT)
domain, not the traditional telecom-
munications. These services are going
to be developed much further.

TETRA technology
developments

While the UMTS development is
moving forward rapidly, significant
third-generation developments are also
progressing within the PMR world.
TETRA developments of broadband
service are worthy of particular note
and this is discussed below.

Figure 8—Parallel networks for evolution
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Future implementations of the
TETRA standard include the PDO
proposal which is a different radio
interface and traffic system utilising
the existing mobility management
and network database functionality.
This provides a very useful model on
an evolutionary path from TETRA
voice + data and TETRA PDO
towards a next-generation system.

As with GSM general packet radio
service (GPRS), the PDO develop-
ments will bring an alternative
network bearer to the marketplace.
This can be seen in Figure 8 and
linking into a packet network. For
the PDO system to be effective there
needs to be the appropriate dis-
patcher system and data network.

The Digital Advanced Wireless
Services (DAWS) development* is
showing that it is possible to imple-
ment a system as desired by PDO. In
fact, the DAWS developments are
based upon the PDO architecture,
and the technology is being consid-
ered by the ETSI TETRA data
working party for adoption as the
technology solution.

Development of PDO is clearly on
the same evolutionary path as GPRS,
and it is always possible that the
market can support only one system
(since this makes the most of the
volume of mobile terminal manufactur-
ing) where the price is right. However,

@ SUBSCRIBER DATA
@ LOCATION MANAGEMENT

ViD SWITCHED
| switcH [T NETWORK

PDO
SERVER
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Figure 9—The way ahead

this is very unlikely to be the case since
it implies the merging (or common
access) to the subscriber database
between the two systems. Whatever
the evolutionary path the user require-
ments of both the point to point (for
example, existing telephony) and group
(for example, existing PMR) services
can be met by packetised solutions.

A generalised view of TETRA, GSM,
UMTS and other technology evolution
paths is shown in Figure 9; whether
these three technologies will actually
converge to a common solution (UMTS
perhaps) in the future will no doubt be
subject to debate in coming years.

Conclusions

PMR service is widely used by public
safety (police, fire, ambulance, etc.),
utilities (gas, water and electricity),
service industries, transportation,
agriculture, as well as for specific site
applications such as airports and site
security. Typical applications are
workforce management, surveillance,
telemetry, database enquiry and
updating.

PMR technology is designed to
provide key business benefits to
organisations when used as part of
their business process. This can be
thought of as ‘integrating voice, data,
organisations as people’.

A multitude of existing analogue
PMR technologies will continue to
provide service for some years to
come; however newer European and
American digital PMR developments
provide a much enhanced service set,
with a leaning towards data-based
communication.

The TETRA standard provides an
agreed thoroughbred service set for
the most demanding of PMR corpo-
rate users, which can be used as a
benchmark to evaluate other solu-
tions. This can include consideration
of GSM developments to give key
PMR functionality, albeit the GSM
system was primarily designed for
public telephony and data use, with a
very different traffic profile.

The European market is growing
and may accelerate, as new technol-
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ogy such as TETRA becomes trusted
and cost-effective solutions are
implemented; however, the allocation
of suitable frequencies and regula-
tion in the use of public interconnect
may restrict the potential growth.
Since there is a substantial and
active body of manufacturers and
operators who are keen to make this
a successful business, growth can be
expected.

It is likely that PMR service will
be provided by a few PAMR operators
rather than the present situation
where separate PMR systems are
often set up for each organisation
requiring service. This means that
several groups of users will share a
common network infrastructure, but
work independently from each other
in closed user groups, perhaps buying
a different set and level of service
appropriate to their needs.

It is not clear whether third-
generation PMR systems will
converge with public cellular systems
and whether this will be within
UMTS. Developments of the TETRA
standard towards broadband mobile
communications are well underway,
and the UMTS concept of a VHE,
which is similar to closed user group
working in PMR, could be brought
together. This will undoubtedly be a
hot topic for debate in coming years.
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CUSTOMER SERVICE

Developing Customer
Service Skills

Increasingly, customers’
experience of how
companies deliver
services is becoming the
differentiator that sets
companies apart from
their competitors. In
addition, more and more
people within companies,
from all kinds of facets,
are dealing directly with
customers. In recognition
of the important role
customer service people
play, a new institute —
The Institute of Customer
Service — has been set up
to provide independent
recognition and give
value to the importance of
what people do in the

customer-service arena.

Customer Service—A Key

importance of customer service and the
vital roles and contribution of everyone
working in this field has prompted 50
leading UK companies, including BT, to
join forces as a Founder Council for a
new institute—The Institute of
Customer Service (ICS).

The ICS, launched in September
1998, is a new organisation whose
principal purpose is to develop people
and systems to raise service standards.

The ICS has two key objectives:

@ to provide service leadership with
a focus on commissioning research
and promoting leading-edge
thinking; and

® to provide people working in
customer service with the means,
through individual membership,
of obtaining formal professional
qualifications and recognition for
their work.

It is becoming acknowledged
universally that customers’ experi-
ence of the service delivery—not the
product—is increasingly becoming
the differentiator that sets successful
companies apart from their competi-
tors. Customer perception on service
has changed, with comparisons and
judgements being made, not just
within the same industry, but from
all providers through day-to-day
personal experiences; with banks,
supermarkets, travel and transport,
utilities, entertainment, etc.

Expectations are becoming greater
and people in the ‘front line’ are
increasingly needing to respond to the
heightened expectations of their

British Telecommunications Engineering, Vol. 17, Jan. 1999

‘a new era for our people if
BT is to make its massive
engineering and technology
capability count’

Ian Smith, Managing Director,

BT UK Customer Service

customers. People who were previously
in the back office and in technical
functions find themselves through
reorganisation and process changes to
be the public face of their organisation.
More often it is the attitude, behaviour,
flexibility and tenacity of these people
to manage their customer relationships
effectively that will determine whether
their companies will succeed or fail.

In BT, field engineers, operators
and customer service advisors are at
the forefront of this growing cus-
tomer expectation, which is why BT
has backed the ICS and contributed
to help shape the Institute’s strategic
development including its member-
ship and qualifications framework.

Institute of Customer
Service—Membership
Framework

=5 = T Pog e et TGRS o e S =]

The membership framework provides
the opportunity for customer service
practitioners to become qualified
members of their own institute.
Becoming a qualified member means
demonstrating skills excellence in
managing the customer relationship
including:

® empathy and understanding for
customers and their needs;

® a high degree of IT skill—interact-
ing with often complex software;

® commercial awareness, under-
standing the importance of
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Figure 1—Institute of Customer
Service practitioner framework

customers to the business,
including the emerging demands
of different customer types;

@ the ability to solve problems, and
the self-confidence, direction and
knowledge to do so;

® a willingness to work as a team,
supporting each other; and

@ taking continuous personal and
professional development seriously.

The Institute has its own award
mechanism through three levels
leading to membership as follows:

® Communications Award, leading
to Bronze membership;

® Solutions Award, leading to Silver
membership; and

® Innovations Award, leading to
Gold membership.

Alternatively, membership may be
gained through the S/INVQ route in
Customer Service Level 2 for Bronze
membership, or Level 3 for Silver
membership.

At present, people can only work
towards one of the Institute’s own
awards if they are employed by one of
the Institute’s Founder Council
Members. Eligibility will be extended
to Founder Corporate Members from
October 1999 and to all other people
from October 2000.
ICS—Award Profiles
The three levels of award provided by
the Institute, Communications,
Solutions and Innovations, have
different requirements which have to
be satisfied through four key areas:

® You and your Customer,

® You and your Organisation,
® You and your Colleagues, and
® You.
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MEMBERSHIP

1CS CUSTOMER SERVICE
COMMUNICATIONS AWARD
OR
N/SVQIN CUSTOMER SERVICE
AT LEVEL 2

The requirements examine how
skilled service practitioners are at
managing their relationships in each
of these areas and how well they flex
these collectively to meet a custom-
er’s requirements.

The panel opposite gives a brief
overview for each award.

ICS Approach to
Assessment

= ]

The Institute wants its awards to be
stretching and perceived by everyone
to be credible, worth having and
maintaining.

It has designed its assessment
processes with this in mind yet with
an avoidance of bureaucracy and a
focus on outputs; that is, on an
individual’s own achievements and
demonstrable skills, where words and
actions are the same.

There are two distinct strands to
assessment:

® internal working in partnership
with a named coach from within
the organisation worked for; and

® external working with an ICS
assessor to provide an independ-
ent and objective assessment of
attitude and ability to operate in
the round; that is, the expertise
of operating the award require-
ments in unity with each other,
and using good judgement to
balance the organisational needs
in the best interest of customers.

MEMBERSHIP

ICS CUSTOMER SERVICE
SOLUTIONS AWARO

N/SVQ IN CUSTOMER SERVICE
ATLEVEL 3

1CS PASSPORT TO
LEARNING AND
ACHIEVEMENT

IN CUSTOMER SERVICE

CUSTOMER SERVICE AS A CAREER
INSTITUTE OF CUSTOMER SERVICE:

@ CONTACT POINTS
BRONZE @ MEMBERSHIPBENEFITS

PERSONAL PROFILE:

@ SELF-ANALYSIS
@ DEVELOPMENTPLAN

RECORD OF ACHIEVEMENT

The in-organisation assessment
works with the individual, building a
picture over time of how the award
requirements are being consistently
met. A coach is there to advise and
support in this:

@® by having a shared understanding
of how the award requirements fit
into the context of his/her own
organisation and role being
performed,

® by assisting practitioners to
identify and evaluate their
performance and sources of
evidence; for example,

—products of own work, customer
records, notes;

—feedback from customers,
colleagues, line managers, suppliers;
—self analysis;

—key events dealt with and
discussion around what went well,
or not so well;

—performance appraisals;
—observation; and

—development records and action
plans; and

@® by helping individuals to take
ownership for their own develop-
ment and progress with the awards.

The coach is also responsible for
confirming that the evidence is real
and valid, that an individual meets
the award requirements, and is ready
for external assessment.
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Communications Award

You will need to demonstrate that you can build relationships with customers—recognising them as people not labels—

where confidence and trust is established early on. The highest standards of behaviour are expected at this first level of

award as a foundation for the other two awards. Attitude will be one of the most important elements for success.
Knowledge and skills need to be demonstrated in the following framework:

® You and your customer You assess customers’ feelings and adapt your own behaviour to put them at ease. You
identify and understand their needs, and keep customers informed of progress. You are positive with customers.

® You and your organisation You understand the purpose of your work and how it fits with the needs of your organi-
sation. You are confident and competent in using the organisation’s forms of communication and you value and apply
good service delivery practice. If things go wrong, you recover well; in so doing the customers’ trust is restored.

® You and your colleagues You work well with others to the customers’ benefit and you engage with colleagues and
suppliers to get things done.

® You You are committed to developing your customer service skills and you are happy to take responsibility for your
own personal and work related development by action planning.

Solutions Award
You will have the qualities demanded of the Communications Award, but you will also have the wider experience and confi-
dence tosolve more complex customer problems. Many of these problems will be unusual, requiring one-off solutions and you
have the flexibility to handle such issues without creating problems for the future. You inspire confidence in your ability, are
proactive and alert to trends in customer needs. You are a team player and often coach others to improve performance.

Your knowledge and skills need to be demonstrated using the following framework.

® You and Your Customer You keep a constant eye on service issues, drawing conclusions from your own observations
and from customer feedback. You are proactive in satisfying customer needs, tailoring in a flexible and creative way
the organisation’s products and services to delight customers. Your unprompted extra efforts and problem solving
skills minimise complaints and turn potential problems into opportunities to build further customer loyalty.

® You and Your Organisation You develop commercial awareness through understanding the key business issues for
your own work area and you know how your contribution impacts on your organisation’s performance. You display a
positive, enthusiastic and effective approach to implementing your organisation’s change programmes.

® You and Your Colleagues You know how to adapt your behaviour to work effectively with different teams. You
recognise the need for and build relationships outside the immediate work area. You coach others and encourage open
and honest feedback.

® You You are reflective and analytical about your own strengths and development needs. You approach experiences
as opportunities for learning and development. You actively follow through your personal development objectives.

Innovations Award
As an experienced customer-service practitioner, you understand the importance of customer loyalty and retention to the
future success of your organisation. You continually seek out new ways of improving customer service. When identifying
new opportunities and generating new ideas you are innovative in understanding the customer base, the organisation’s
competitive environment. You are a motivator and influencer of others.

Your knowledge and skills need to be demonstrated using the following framework:

® You andyourcustomer You recognise patterns in service breakdown, recommend changes in procedures, gaining agree-
ment if necessary and implement your ideas where possible. You evaluate the impact of these changes. You are able to deal

with unique customer requirements which are referred to you by others because of your skill and innovative qualities.

® You and your organisation You network effectively internally and externally. You know and understand your
organisation’s customer base, its different segments and its competitive environment.

® You and your colleagues You act as a coach and role model to others, and are seen as a clear point of reference. You
inspire others through your motivation and innovative approach.

@ You You are determined to keep fully up to date with the latest developments. You are eager to learn new ways of
delivering excellent customer service.
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This approach is designed to
encourage individuals to drive their
own development and achievements,
emerging as more rounded profes-
sionals with a real depth of under-
standing about the complexities of
providing good customer service.

The external assessment is there to
test this depth of understanding,
making sure there is not a surface
approach to learning, and takes the
form of a professional discussion,
rather than a written test. Again the
individual has the opportunity to
drive this part of the assessment by
outlining three-to-five key events
identified as personal examples of
providing good service, across a range
of customers with differing needs.

Progress in the development of an
individual’s understanding and
improvement in performance is also
explored through a learning log.

This learning approach to achiev-
ing one of the awards is captured in
the ICS Passport. The Passport is
given to all subscribers of the
Institute and contains everything an
individual needs to help gain an
award.

Completion of the Passport
provides a record that demonstrates
knowledge, skills and attitudes, and
shows how learning from experience
has been gained.

Benefits of Belonging to
the ICS

= E— ]
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There is no other institute designed
to create an opportunity for so
many—3 million front-line people,
extending to 4'5 million including the
public sector, in the UK alone.

It will provide independent recogni-
tion and give value to the importance
of what people do in the customer-
service arena. Working through the
award framework will raise perform-
ance and potential, and membership
will demonstrate employability and
credibility in the workplace.

The Institute will promote service
excellence through courses, confer-
ences and seminars, books and
research reports. Members will
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receive discounts to these important
events and publications which will
further promote continued personal
development.

The Institute publishes a Customer
First journal every two months
aimed at those dedicated to customer
service, covering latest developments
and everyday service issues.

The Institute has 13 regions each
run by a Regional Chairman respon-
sible for providing networking
opportunities through local groups.
Other initiatives being developed are
library and information services,
Companion membership and spon-
sored awards for outstanding
achievement and contribution to
customer service.

Gold Members are entitled to use
the designatory letters PMICS—
Practitioner Member of the ICS—
after their name, and Companion
Members similarly CMICS.

The founder company members
have a commitment to promoting and
working with the Institute’s awards
to establish credibility.

Piloting in BT
e S R AN T e 1 IR o]
As a Founder Council Member, BT is
piloting the new awards and their
attainment and assessment proc-
esses in a number of ring-fenced
groups involving over 120 people,
until the end of June 1999. At this
point, the results of the trial from
across the 50 founder companies will
be evaluated and the materials and
procedures reviewed ready for a
broader launch including 100 new
companies.

A New Era for BT
(=== s S W o W Lo e |
This initiative puts the UK at the
forefront in developing customer
service as a career supported by
major employers whose prime
purpose is customer service.

BT is not alone in developing
strategies for expanding and seizing
opportunities for growth around the
world. Global market players need
global telecommunications networks

and support, and investment decisions
by other service companies are
increasingly being influenced by the
quality and service offerings of
telecommunications providers. The
UK is benefiting from the competitive
telecommunications market which
exists here, and consequently the UK
is now the preferred European
location for communication centres;
for example, international call centres,
shared service centres and behind the
scenes processing functions.

BT has a major opportunity to
capture this growing foreign invest-
ment into the UK telecommunica-
tions market and indeed many
potential investors are already
customers of BT or BT’s international
joint venture companies.

BT UK alone has 26 million
customers with over 1 billion contacts
per year.

BT invests £2 billion annually in
the network and nearly £300 million
in research and development. BT aims
to offer everything from outsourcing
and call centre technology through to
managed desktop solutions. Concert
offers custornised solutions to meet
the global communication require-
ments of international businesses.
Aftercare programmes managed by
account development teams are an
essential part of maintaining cus-
tomer loyalty and changing needs.

There is also the potential market
of 300 million Internet users in just
two years time, and BT is instrumen-
tal in providing innovative links for
basic connectivity to advanced
electronic business applications; for
example, BT Highway, BT Connect to
Business, and the even more recent
BT Argent (a secure Internet pay-
ment service).

As BT develops and implements
these services, the company is
learning from its customers to
understand their needs and create
new solutions. Every experience of
working with customers and suppli-
ers provides an opportunity to be
innovative and build customer
loyalty and retention. The company’s
business depends upon it.
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Technical skills alone will not be
enough—a broader skill base has to
be cultivated if BT is to take advan-
tage of its massive engineering and
technological capability. The ICS and
its awards framework allows for that
broader customer service skill to be
developed where it matters—in the
front line, the face of BT to its
customers.
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STRUCTURED PROCESS IMPROVEMENT

Ken Cobb, Mark Rose and Ian Lawrence

Structured Greenfield

This article discusses the
analysis behind new
residential network
greenfield planning
policies and standards as
the network planning
part of BT’s 1997
Greenfield Site Initiative
(GSI). The analysis
included both new design
ideas and the application
of appropriate new
technology. Trials
confirmed a 10% saving
in on-site network-
provision costs attributed

to network design alone.
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Planning

Introduction
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Structured process improvement!
concerns the integration of technol-
ogy, process and systems to bring
about cost reduction and/or revenue
generation. In the greenfield plan-
ning arena there is much scope for
such integration, a situation recog-
nised by BT’s Greenfield Site Initia-
tive (GSI) Programme.

BT spends tens of millions of
pounds per year on the provision of
public switched telephone network
(PSTN) services to greenfield sites.
Nowadays much of this investment
in new network is at risk due to
competition, and some of these
investments may yield little return
on capital. In this situation any
reduction in the planning cycle time
or reduction in the initial costs is
welcome. Reduced cycle time helps to
ensure that planning does not have
to be done too far ahead of implemen-
tation and therefore demand.
Attention paid to whole-life costs
ensures investment required is as
low as practicably possible.

These reductions in cycle time and
day-one investment costs have been
fully effective after integrating the
standards from the structured
greenfield planning activity with the
network optimiser tool (GenOSys?),
which is the subject of an accompany-
ing article in this issue of the Journal.

In order to establish the proposed
standards that would yield lowest
cost, desk-top trials were carried out
where network designers (network
planners) planned schemes to both
existing and the proposed planning
policies and standards.

Some interesting questions were
posed by this study. Would there be
any variation in scheme costs by

Zone? Where do the biggest varia-
tions occur? How large are they?

This article addresses these
questions and presents some new
ideas, embodied into a standards set,
including:

® standards on lead-in provision,
@ common trenching,
® duct tees distribution,

@® road crossings without footway
box terminations, and

@ single pre-cast footway box usage.

The article also addresses layout
methods for planning.

Elements of Greenfield
Planning

[ e e e ek b S AP |

The analysis was conducted using the
on-site telephony network consisting
of underground ducted copper cables
serving a new (greenfield) residential
building site. To manage the analyses
and to identify areas of high cost, the
infrastructure was broken down into
four main elements. Three of these
defined the duct layer and the fourth
defined the cable layer. This is shown
in the scheme in Figure 1 and is
defined below:

® Spine The main duct and
jointing chambers installed on a
main road leading onto a develop-
ment site; the number of duct
bores in a single trench can range
between one and eight (dashed
line in Figure 1).

® Sub-spine Duct and jointing
chambers leading from the main
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in order to sell the plots all utilities need to be on line or at a
point where the final connection can be made quickly

E

—-|—]— SUB SPINE

............ LEAD-IN /’

—— — SPINE .

PUBLIC %
OPEN SPAGE

iy

Figure 1—Site plan definition of infrastructure elements

spine route to a distribution point
jointing chamber, whereby the
number of duct bores in a single
trench was usually one or two
(crossed line in Figure 1).

® Lead-in A single duct and cable
from the distribution point
jointing chamber to the customer’s
premises (dotted line in Figure 1).

® Cable and jointing All cables
installed in the spine and sub-
spine ducts; this was inclusive of
standard joints and distribution-
point joints. The definition does
not include cable in lead-in duct
as this was already defined in the
lead-in definition.

An on-site jointing chamber or
joint box is built as a footway box.
The footway box enables access to the
cable layer components. Typical uses
for a footway box are for housing a
cable joint, distribution point, or to
enable cable installation personnel to
turn cable through sharp angles
during installation.

Planning Considerations

[E=— eSS A== T o ]
Consider a proposed 20-150-plot
building site of residential tenancies.
In general, in order to sell the plots
all utilities need to be on line or at a
point where the final connection can

be made quickly. The most advanta-
geous times to install all utilities’
cable, pipework and duct occur at
different times within the develop-
ment of the site. All utilities are
installed at different depths in line
with the National Joint Utilities
Group (NJUG) standard and their
general routing follows the proposed
line of the adopted roadside verge.
BT plans its underground routing
independently of the other utilities
leaving the site developer to interpret
and install the duct layer over the
other utilities’ networks.

Future application of lean
methods® might point towards the
site developer, or a single recog-
nised planning authority, being
entrusted to plan the utility
networks to a series of specifica-
tions concurrently with the overall
site plan. The specifications might
then be embodied in systems and
computer-based applications, and
delivered just-in-time for imple-
mentation. At the time of the study
this radical approach was not part
of the GSI programme, but is
currently being assessed.

For each residential building site,
using national planning policies and
standards, a duct network with joint-
box positions is designed, spine cable
and joint requirements are identified
from the primary cross-connection
point (PCP) to each distribution point
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(DP) and a site jointing record is
drawn up. It is recognised that the
approach taken by each network
designer is different.

The project was targeted at
realising the most cost-effective
initial design reflecting the neces-
sary parameters both into national
planning policies and standards,
and, for incorporation into the
network optimisation tool, GenOSys
(also known as the automated
planning tool). This work excluded
the task of planning the off-site
network necessary to support the
greenfield site, but included the
tasks necessary to complete the on-
site work. The productivity analysis
behind the work was based on
current access quality task time
synthetics since this enabled
individual activities to be judged for
time, manpower and cost. [t was
recognised that some aspects of the
work would require the approval of
other relevant bodies, such as the
House Builders Federation.

For each greenfield network
element this article considers the
structured improvements leveraged
from the analysis purely from a
network designer’s point of view.

Customer Lead-in

= PSRt A S e S L BLTo
The customer lead-in element is the
most costly to provide since there is
little shared infrastructure. Any
savings identified in this part of the
network have the most significant
effect on the overall installation cost.
A network designer is bound by
routing the duct either down adopted
roads, footpaths or within the
curtilage of the served plot.

The analysis centred on three
methods of installation technology
and two different methods of
trenching outlined in Table 1 and
Figures 2-4. Each method consists of
cable in a duct that is laid into open
trenchwork:

® Theradial duct system serves each
plot with a single empty duct into
which cable is drawn at a later date.
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underground duct tees lead-in technology is the most cost-
effective over the range of plots of practical interest

Table 1 Customer Lead-in Distribution Systems Analysed

Common | Non-common | Figures Notes
trench trench
CiD X X 2and 3
Radial duct X X 2and 3
Duct tees X 4 Mixture of common duct
and individual duct
PLOT1 PLOT2 PLOT3 PLOT4 PLOT5 PLOT6
- - = . -
‘\ ‘| “‘ o' ¥ l'
23 s (N ¢ 2 »*
. S €Y ¢ P @
Su g, S s ¢ -* e
== ™ ---"'“--"' =
-------- CABLE IN DUGT (GiD)
JOINTING CHAMBER
Figure 2— Duct technologies and non-common trenching
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Figure 3— Duct technologies and common trenching methods
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Figure 4—Duct 56 and tee technology

@ Cable in duct (CiD), a relatively
new technology, is where the lead-
in cable is supplied to site pre-
drawn into the duct on drums and
is installed in the same manner as
the radial duct system.

® The duct tees system (refer to
Figure 4) is made up of a section of

duct in which lead-in cables share

276

the bore, and a section of duct that
serves the plot with a single lead-
in cable. A duct tee component is
used to join the two sections of duct
together enabling the cable from
the individual plot to be installed
towards the distribution point.

® Common trench practice is where
a single trench is dug and more

than one duct shares the trench
for a maximum practical distance
(for example, Figure 3).

The practice of directly burying
the lead-in cable was not considered.

The analysis has shown the
greater the sharing the greater the
savings in productivity that can be
made. This is borne out in Figure 5.

Figure 5 shows that lead-in costs
of duct tees distribution and common
trench cable in duct have similar per-
plot costs over the practical range of
plots fed by an underground distribu-
tion point. The cabling practicalities
of an underground node are:

® A distance limitation of 50 m
between node and served plot is
one of the practical ability of a
single engineer being able to
install a cable through a popu-
lated duct.

@ A multiple cable entry joint which
can be installed easily, upgraded,
and maintained without compro-
mising its design functionality
like ease of entry and no water
ingress.

@ The joint and cables must be able
to be accommodated within the
design of a footway box.

@ Multiple duct entries through one
wall of a footway box have the
effect of compromising the
integrity of the box thus necessi-
tating a stronger box at a higher
cost.

Figure 6 amplifies the two
lowest-cost lead-in techniques: duct
tees and common trench cable in
duct. This shows that the under-
ground duct tees lead-in technology
is the most cost-effective over the
range of plots of practical interest.
The costs of per-plot duct tees were
flat from between eight and 12 plots,
with a jump after 12 served plots
owing to a second duct within the
same trench since the first was full.
Hence the upper bound of tenancies
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Figure 5— Cost against number of plots served from a distribution point for the
five lead-in techniques described in Table 1
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Figure 6—Cost against number of plots served from a distribution point for duct
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Figure 7— Graphical representation of maximum duct and cable combinations for
a single Joint Box Type JB226
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served was recommended to be 12
and the lower bound was eight.
However, it must be emphasised
that these costs have been analysed
using a standard range of productiv-
ity synthetics, hence the use of cable
in duct is still under review and on
trial.

Spine and Sub-Spine

== T s = SEe e~ ]

The principal area where a network
designer can make a significant
influence is in reducing the number
of footway boxes. This can be effected
by ensuring all joints are sited within
existing distribution-point joint
housings and by placing distribution-
point footway boxes at or near
proposed road crossings and then
routing the road crossing duct work
at an angle across the road to feed
the following DP footway box.

Spine and sub-spine
installation

Consideration was given as to the
equivalent installation lengths of
trench duct and cable, duct and cable,
and cable alone for the value of a pre-
cast footway box Type JB226.
Footway box Type JB226 is not in use
but at the time of the analysis it was
under consideration. The equivalent
lengths of 20, 50 and 100-pair cables
are shown in Figure 7 indicating that
the selection of footway box sites
needs to be chosen carefully to
minimise the number of boxes and to
maximise duct usage.

Spine/sub-spine road
crossings

In many cases, even though road
crossings necessitate deeper duct
depths than under the footway, road
crossings can be designed to link up
existing footway box sites (DP sites
too). Hence this avoids the addition of
boxes to install cable around a right
angle. The adoption of this methodol-
ogy can not only reduce day-one costs
but also lead to a reduction in
maintenance costs. This can be
achieved by slewing the duct route
under the road using standard 18°
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< DISTANCE ALONG ROAD (m)

ROADWIDTH +1m

duct bends as shown in Figure 8.
Figure 9 shows the normalised costs
against each of the angled road
crossings with 20 m of duct set under
the footway.

Figure 9 indicates the cost of
installing both a single-way ducted
road crossing and two footway boxes
either side of the road is double the
cost of a comparative ducted crossing
with a 20 m length of duct under the
footway.

Through discussions with field
staff, a ducted 90° road crossing (no
boxes) was considered to be too
tortuous a route to cable, yet 72° (and
lower angles) was considered accept-
able. A maximum route deviation
angle of 72° for a road crossing was
chosen because this was the mini-
mum radius which a cable route can
be deviated twice between boxes.

Layout Methodology

Although a set of on-site network
policies and standards can be

generalised, it is the network designer
who achieves the optimum site
layout. Each network layout is
unique, in a way a work of art in
terms of design. It must be functional
in that it has to be able to deliver a
telecommunications service network
to its customer base at minimum
capital investment and provide
security—responsive to network
change—and a low maintenance
infrastructure at all levels (service,
cable, duct etc.).

At the network design stage a
structured approach to the layout is
crucial, This has been recognised in
areas such as the internal layout of
integrated circuits found in every PC.
It is for these reasons the network
designer needs to approach the
design at the micro level by roughly
grouping together the customers into
geographical nests of between eight
and 12 and serving these from a
single distribution point. There are
maximum distance limitations
between distribution point and

Figure 9—Normalised cost of different road-crossing scenarios shown in Figure 8
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Figure 8—Ducted road crossings
using different angles of slew across
the 6 m wide road

customer. Once the site has been
grouped and rough positions of the
distribution points have been
identified, the spines serving each
distribution point can be sketched in
towards the site entry point (Refer to
Figure 1). At the cable layer each
distribution point, housed in a
footway box, serves as a network
node. Note this node is used as both a
cable joint and customer distribution
point. At this stage the designer can
realign customers to distribution
points until the network meets the
functional criteria and policies and
standards. Combining this approach
with that of slewing duct under the

At the network
design stage a
structured
approach to the
layout is crucial.

carriageway, the number of distribu-
tion points and extra footway boxes
can be kept to a minimum. In this
way the network designer coordi-
nates various elements under their
control to produce a site network
which meets the functionality
described in the previous paragraph.

Much of the reported network
analysis has been incorporated into
the GenOSys network optimisation
tool?. The structured approach
adopted by GenOSys, although
applied in a subtly different way to
the cable layer, has the same goals
with the benefit of choosing from a
vast range of options with incredible
speed*,

e =N ey 5]
The quality of any new proposals
must be put to the test in a trial or
pilot. The first trial (of two), which
took place in May 1997, was con-
ducted on a single 144-plot scheme
planned across the country by 13
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the savings attributed to the design of the on-site network

planning offices. The trial established
the variation in total on-site costs
(Figure 10 and Table 2) and indicated
the cost for each element. It was
noted that the designs with least
spine and sub-spine duct costs were
the most cost-effective. This was
attributed to a lower number of
footway boxes. The design approach
taken by each planning office was
noted and two features are summa-
rised in Table 2.

In the second trial (September
1997) new design ideas and new
proposals for infrastructure compo-
nents (for example, footway box
Type JB226) were tried by 27
Network Design representatives on
plans submitted and previously
costed by themselves. The plans
were for the same size schemes—
about 50 plots. Prior to the trial the
success criterion was set. A sum-
mary of the trial is shown in Table 3.
The trial of new network design
ideas and new technology identified
a mean saving of 16%, however a
10% saving in value was attributed
to the new approach to on-site
network design.

Conclusion
The article has described a struc-
tured approach to underground on-
site metallic telecommunications
infrastructure design for new
developments (previously known as
greenfield and brownfield develop-
ments). It has pointed up an impor-
tant skill used to combine functional
telecommunication service require-
ments with those of minimal
installation and maintenance costs.
The costs attributed to the lead-in
are the most significant borne by the
network provider and it has been
shown (Figure 6) that the common
use of resources in terms of duct and
number of customers served from a
single distribution point is benefi-
cial.

Within the spine network the
footway box represents the single
most expensive item which can be
commuted to either the installation

alone were 10%

1-40
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Figure 10— Regional variations in planned costs for a single residential scheme

Table 2 Variations In Key Planned Elements for the Single Scheme Represented In
Figure 10

Description Values

Total cost range represented as a percentage 100%~132%

Planned joint box range 20-30

Planned distribution point range 16-29

Table3 Cost Summary of On-Site New Development Gains Due to Improvements in
Planning and Technology

Component Maximum | Minimum Mean Success
Criteria

Day -one cost reduction of 51% 2% 16:6% 6%~25%

proposed against existing planning

standards

Component Existing Proposed Improve- | Success
Standards | Standards | ment Criteria

Mean number of footway boxes

per site 11-2 67 40% Not defined

Mean number of lead-ins per DP 54 79 46% Not defined

of 140 m of 20-pair cable or 10 m of
trench, duct and cable (Figure 8).
Footway boxes whose sole role is to
turn cable through 90° at road
crossings can be made redundant by
slewing duct at 72° across the road.
Finally, it has been recommended
that the approach to on-site network
design be turned upside down. Thus
the network designer should start by
grouping customers together and
assigning the group to a distribution

point, then work the network back to
the on-site entry point. In this way
each distribution point, housed in a
footway box, can both serve up to 12
customers and be a joint where
necessary.

Trials have shown that with the
incorporation of the proposed policies
and standards and with a change to
the approach to network design, the
savings attributed to the design of
the on-site network alone were 10%.
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GenOSys—Automated Tool
for Planning Copper
Greenfield Networks

It is at the planning stage
that the future risk to any
network infrastructure build
proposals can be minimised.
Mistakes can have a massive
impact on subsequent return
on investment and hence
continued profitability.
Several complex techno-
economic considerations
usually need to be taken into
account and often within
aggressive timescales. These
factors naturally lead to the
need for tools that will
facilitate at least partial
automation of the planning
process. This article describes
GenOSys, a system which
addresses the automation of
several steps in the copper
greenfield access network

planning process.

Introduction

GenOSys (genetic optimisation
system) is a copper greenfield
service-delivery planning tool which
evolved from a detailed study of BT’s
current processes for planning both
copper and greenfield passive optical
networks. Its primary objective is to
automate the service delivery
planning processes for copper
greenfield networks, and, as this
article points out, GenOSys has been
defined by, and has in turn redefined,
the greenfield copper planning
process. In practice, the detail of
greenfield planning differs according
to operating zone, the individual
planner’s experience, patch geogra-
phy and the interpretation of operat-
ing policies laid down in planning
guidelines. The stages of planning
from the onset of a proposal through
to the creation of a detailed job pack
which specifies every aspect of design
and build of greenfield networks
represent the front end of the
network management life cycle'. It is
at this point that the future risk to
any network infrastructure build
proposals can be minimised. Quite
simply, getting it wrong at this stage
has a massive impact on subsequent
return on investment and hence
continued profitability. The presence
of competition, the need to turn
proposals around in shorter
timescales, the complexity of the
underlying rules for design and build
and the rate at which these rules
change continue to be the main
pressure points on a shrinking
planner workforce. These underlying
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forces represent a fundamental shift
in how access greenfield networks
are planned and subsequently built.

GenOSys is a design and planning
tool which addresses many of the
process steps involved in creating or
modifying a copper greenfield
network. By automating many steps
in the process, significant and
measurable productivity benefits for
the planner, and hence the business
can be achieved. It assures a consist-
ency of design and build achievable
because designs are based on a single
and authoritative interpretation of
current planning rules; no longer are
rules subject to individual interpreta-
tion, misunderstanding or plain
neglect. Furthermore, GenOSys,
through the application of artificial
intelligence is capable of simultane-
ously considering several thousand
scenarios for infrastructure build,
and then selecting the most cost-
effective infrastructure design. It
does so in a time shorter than a
planner would take to justify and
cost a single scheme. GenOSys has
been successfully proven in test-bed
and pilot use, and the business
benefits projected to accrue from its
field deployment are about £10 mil-
lion per annum, or about 10 per cent
of the total annual investment made
in copper greenfield networks.

This article describes the present
greenfield planning process and
highlights the opportunities for
automation. The architecture and
engineering of the GenOSys system
are discussed in terms of its require-
ments, evolution, build philosophy
and build detail. The process of

281



STRUCTURED PROCESS IMPROVEMENT

Figure 1—-A layered view of the
copper greenfield planning process

detailed planning using GenOSys is
described, further illustrating how
individual process steps have been
automated and where productivity
gains arise. Finally the lessons learnt
in this development are described
along with the experience gained
from deploying the system into test-
bed and operational use across the
business.

The Generic Greenfield
Planning Process

E = = E = B

Most of the design activity carried
out to create a scheme for a
greenfield network is done between
the primary cross-connection point
(PCP) (made available at the entry
point on the curtilage of the
greenfield scheme) and each cus-
tomer. This activity takes place
across and within four layers. The
site developer’s initial geography and
actions define the civils layer. For
instance, the type and position of
each customer, and the layout of site
trenching. Within this layer is the
duct layer. It consists of the duct
pipes and intermediate boxes that
serve to connect sections of ducting
together. Enclosed within the duct
layer is the cable layer. In this layer,
groups of bearer pairs are aggregated
into cable sheaths. Within the cable
sheaths are the bearers themselves
which deliver services to the con-
nected customers. Figure 1 illus-
trates an overview of the process and
the relationship to each of the layers
highlighted above. Information and
data flow between external contrac-
tors (site developers, cable contrac-
tors, major build) is represented by
the double-headed arrows. The
process begins with the site plans of
the proposed site being received from
a developer (typically on an A0 or Al
sheet of paper). Upon this plan, the
network planner would lay out a duct
network, and submit it for considera-
tion to the developer.

If the proposal is acceptable, a
cable network can then be produced.
Additionally, a jointing schedule is
prepared to specify how each
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working pair on every cable is to be
jointed back from each customer to
the exchange. The duct network
comprises of a spine network and a
lead-in network. The spine network
consists of 90 mm diameter duct laid
between the entry point to the site—
either a primary cross-connection
point (PCP) or a box which is built
or provided by BT —and access
points which will subsequently
contain the flexibility or distribution
points (DPs) of the scheme. The
lead-in network consists of 49 mm
diameter duct and is used to estab-
lish connections between the DP
housings and entry points to each of
the site customers. Between the site
entry point and each DP, the main
spine duct comprises of sections of
ducting which run between access
points on the network. These access
points are usually boxes that can
either be pre-fabricated or built on
site by the developer. These boxes
enable junctions to be created on the
duct network. Junctions serve two
major functions in the duct network.

Figure 2—Duct tees in the lead-in network

Firstly, they allow cables to be
introduced into any part of the duct
network. Secondly, they permit the
introduction of points of flexibility or
jointing into cables that pass
through or are terminated at a box.
Between the DP housings and each
customer, the lead-in network
consists of 49 mm diameter duct
sections (Duct 56) and optional
branch elements (duct tees). Tees
enable sharing of runs of Duct 56
and obviate the need to run indi-
vidual sections of Duct 56 between
each customer and the serving DP2.
Instead, cable can be introduced by
rodding from each customer through
an intervening duct tee up to the
box that houses the serving DP.
Figure 2 illustrates the rodding
process. There are, however, engi-
neering constraints on the use of
duct tees which need to be balanced
against the cost savings that they
bring. In both the spine and lead-in
networks, changes in duct section
direction can be achieved by using a
variety of duct bends. Furthermore,

BEND TEE DISTRIBUTION
POINT
—p
CABLE
RODDING
CUSTOMER
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Figure 3—Spine and lead-in topologies

direct connection of the spine and
lead-in networks can be made using
reducer elements which fit Duct 54
and 56 sections together.

Once a duct network has been
agreed, a cable network can be
introduced. The cable network also
consists of two parts. The spine
network is located between the PCP
and each DP, while the lead-in
network consists of each DP and its
associated customers. In reality,
because cables are manufactured in
discrete sizes, with 100 pairs being
the largest deployed size in the
D-side network, a number of over-
laid spine networks may exist. Each
sub-network serves up to a maxi-
mum of 100 pairs. Beginning from
the customer edges of the duct
network, pairs are allocated based
on the predicted level of demand per
customer (dependent on factors such
as the actual or potential level of
competition). At this point, a
decision about the number of
customers that will be served (and
therefore the total number of copper
pairs) and the position of the serving
DP needs to be made. DPs are
usually sited at the most central box
in the cluster of customers. This
position tends to minimise the run
of cables between the DP and each
customer. Once all the DP pair
counts and positions are determined,
the design of the spine network
cable can begin. For the spine
network, the goal is to provide the
smallest number of cables to provide
service to the groups of DPs present
on each sub-network. To achieve
this, the DPs are grouped in such a
way that the aggregate number of

PCP
/ CUSTOMER 1 CUSTOMER2
1 |
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CUSTOMER n

CABLE

Figure 4—Allocation of cable bearers on basis of distance from PCP

pairs for each set of DPs does not
exceed 100. Each cable that provides
service to a DP group has its outer
sheath exposed at the box which
contains a DP, and then only the
required number of pairs are jointed
at the DP to the service cable in the
lead-in network. Thus the cable
spine network forms a logical bus.
At the bearer level, of course, the
configuration is a tree. Figure 3
illustrates this.

Upon completion of the cable
network, a jointing schedule needs to
be prepared. This document defines
how connectivity at the bearer level
is defined. In order to minimise the
risk of damage, the pairs on the
outermost part of a cable are allo-
cated to the most upstream DPs or
customers, with the assignment of
the innermost pairs being to the

Figure 5 —Automating the planning process

more downstream DPs or customers.
Figure 4 is a simplified illustration of
this process.

Opportunities for
Automation

i .k, - S L T s ===y, |
Each of the process steps outlined in
the previous section presents
opportunities for automation. Figure
5illustrates the process again, with
an emphasis, on the right-hand side,
on how automation can be applied.
As far as the site developers,
external contractors and direct
labour units are concerned, the key
change in the process is that the
network planner suddenly appears
to be significantly more responsive
in dealing with proposals, in addi-
tion there is a greater consistency of
final proposals.
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Within the business, these
improvements are reflected in the
greenfield service-provision value
chain by appearing as lowered
network planning and provision
costs. The basic unit of information
exchange—the site developer’s
proposal—is first converted to a
raster image by scanning. This
necessary (but not sufficient) first
step immediately provides the
planner with an electronically
flexible document upon which to
carry out his/her design. A further
step in enhancing the intelligence of
the scanned document is a means by
which it can be geo-spatially refer-
enced to the real world. By this
means, the planner is able to work
with a true representation of the
developer’s site and be assured that
positions and distances are correctly
reflected on the raster image.
Together, scanning and geo-referenc-
ing are the essential background for
the representation of vector plant as
a ‘smart’ overlay on the scanned
raster image. With these key ele-
ments in place, the other stages in
the process can be automated
successfully. At this point, the term
‘automation’ has been rather loosely
used. Two types of automation can
follow from a geo-referenced raster
plan. Both types require the planner
to be aware of the possible topologies
of the civils network. The first type
simply enables the planner to become
more effective in specifying further
stages of design; for instance,
enabling the rapid manual construc-
tion of cable and duct layers. The
other removes the need for any
design work at the duct and cable
layers. GenOSys supports both ways
of working. In either mode, the
ability to carry out each step of the
planning process is centred on the
more effective model of flexible
interaction with a spatially geo-
referenced working document, rather
than dealing with multiple static
copies of a paper document. Essen-
tially, this is the key to automating
the copper greenfield planning
process.
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GenOSys Architecture

The GenOSys build team set out to:

Create a system which will
autonomously design copper
greenfield network infrastructures
that satisfy engineering and cost
constraints. The autoplanning system
should further be capable of produc-
ing contract standard documentation
and estimates of infrastructure cost
as required by the site developer and
any external contractors. The auto
generated design should be cost-
effective to implement, and meet any
engineering constraints imposed by
the type of network plant being
deployed. Furthermore, any infra-
structure designs created by the
system should be produced with a
minimum of intervention from the
network planner.

Given the opportunities which
have been identified in the generic
copper greenfield planning process,
and the objectives which need to be
met by the system, this section
addresses the detailed requirements,
desirable attributes, key components
and business benefits of such a
system.

Detailed requirements and
desirable attributes

The system should save design
time

Planners work to a set of planning
rules which ensure that designs are
technologically feasible and are
produced within a reasonable time.
Given the pressure of job planning
volumes and the time taken to
explore alternatives, very few
alternative infrastructure scenarios
are usually considered in the manual
planning process. A system which can
explore a large number of potential
infrastructure options within a
relatively short time and assure
consistency across explored options
can yield considerable savings in
time. This is particularly true as
design progresses from the specifica-

tion of infrastructure to the detailed
costing and documentation stages.
Therefore, even when the planner
must override significant portions of
an autogenerated design, the time
saved in recomputing costs and
reworking documentation is essen-
tially only a few mouse clicks away
all the time.

A feasible and cost-effective
infrastructure design is required
This is a central requirement for an
automated planning system. It is a
challenging task because of the
number and kinds of parameters as
well as the mix of engineering and/or
policy constraints that must be
factored into the creation of candi-
date infrastructures by the system.
For instance, generating a cost-
effective cable layer may lead to a
duct layer network failing to meet
engineering constraints. Changing
the civils layer specification (done by
the planner) may stop the system
from meeting duct layer policy
constraints. Many feasible designs
may not be cost-effective. However,
this type of task is well suited to the
methods of artificial intelligence, and
have been applied within the
GenOSys tool.

Optional and progressive auto-
mation is desirable

Responsibility for the outputs of an
automatically generated scheme
must be assumed by a network
planner. A highly experienced
planner might for instance choose to
specify every aspect of a proposal,
using the system as a means to save
time in the preparation of proposals.
Alternatively, such a planner pressed
for time might elect to have the
system auto generate the duct and
cable layers, and then override a
number of design decisions made by
the system. In this alternative
scenario, it may be that the planner
is completely satisfied with the
outputs of the system and no further
modification of the initially produced
design is necessary. Therefore, a
system that allows automatically
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generated designs to be overridden or
modified in the light of a planner’s
experience is desirable. Such a
facility allows the proper flexing of
automation against the experience of
the planner. The challenge is to
perform such actions seamlessly and
in such a way that in whatever mode
(manual, semi-automatic or fully
automatic) the planner chooses to use
the tool, exactly the same set of
actions are required for interaction.

System component re-use is
desirable

In order to solve similar types of
problems in future, it is desirable
that the framework upon which the
system is constructed lends itself to
rapid re-use in related problem
areas. For instance, the problem of
primary network fibre provisioning is
analogous to the problem of copper
greenfield spine network provision.
Similarly, the problem of service
distribution from a central serving
facility contains the same essential
elements regardless of the medium
used to deliver service (for instance
radio or fibre). In such cases, the
extent to which the similarities in

Figure 6—GenOSys —major subsystems

problem domains may be successfully
exploited depends on the intrinsic
nature of the framework used to
express and implement the copper
greenfield problem. In the most
general case, the question is: how can
the array of subsystems put together
for the purpose of copper greenfield
network planning automation be
readily deployed in scenarios that
require networks to be optimally
planned and design and costing
documentation subsequently gener-
ated? Indeed, at a low enough level of
granularity, then can the subsystems
which have been deployed within
GenOSys be migrated to other
problem areas?

Object technology has been
extensively used in the design and
subsequent implementation of all the
constituent subsystems of GenOSys.
It has subsequently been found that
building systems in this way enables
the inevitable change in customer
requirements to be rapidly and
effectively addressed.

Architecture detail

Figure 6 highlights the major
subsystems (modules or components)

CocA

SCANNED SITE t

STRUCTURED PROCESS IMPROVEMENT

of the GenOSys system as well as
their relationships to each other. This
architecture closely mirrors the
requirements specified earlier in the
article.

A key subsystem of this architec-
ture is the communication object-
oriented component architecture
(COCA). This is a software model of
the real-world access network
infrastructure, abstracting essential
properties of fundamental compo-
nents as well as the layering and
connectivity relationships between
these components. COCA acts as a
data pipeline in GenOSys, enabling
infrastructure descriptions to be
provided or updated by the planner,
and enabling the automation subsys-
tem to work on a given network
description at the civils layer. The
geo-spatial component enables the
site plan obtained from the developer
to be geo-referenced and displayed
(after it has been scanned and
converted into a raster image).
Spatial geo-referencing is done by
setting a scale, defining a real world
point of reference (for instance, a
known spatial position; for example,
a PCP northing and easting) and

t
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Figure 7—COCA

then setting the north orientation for
the plan. Against the raster image of
the site plan, the vector layer of the
scheme can be overlaid using a mix
of planner experience and automa-
tion. The vector layer is modelled
using a set of meta classes (defined
by COCA) which serve as a true
representation of the plant items
used in the access network. Figure 7
illustrates this abstraction. In
concrete terms, the vector layer
consists of items on the civils, duct
and cable layers. The civils layer is
entirely placed by the network
planner and it consists of the geo-
graphical position, demand level (in
voice circuits), and type of each
customer together with the trench
network that provides connectivity
between each customer and the site
entry point. The trench network
consists of track sections along with
the intermediate hole or pole posi-
tions that enable node access at the
duct and cable layers. The duct, cable
and bearer layers are discussed in
the section on ‘The Generic
Greenfield Planning Process’.

The cable layer optimiser subsys-
tem takes civils layer data from the
COCA pipeline and applies a genetic
algorithm to it in order to return
data about the cable layer. This layer
is then encapsulated in duct using
the rules encoded into the policy
module. The costing subsystem
consists of the materials unit cost,
bill of materials generator and the
labour and contract rates module.
This subsystem enables the network
design to be costed at component or
network level. On the bearer layer,
the cable connection, cable diagram
generator and joint schedule modules
enable cabling diagrams and jointing
schedules to be created. Finally, the
user interface subsystem provides
the means of interaction between the
planner and the functionality of
GenOSys.

Plarmmg with GenOSys

=== B |

A typical gleenﬁeld planmng sce-
nario? using the GenOSys planning
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tool would begin with a site proposal

from a developer. This proposal
would then be reduced to A4 (using a grid so that points on the plan
photocopier) if necessary and

scanned to create a raster image.

This raster image is then loaded into

the main viewing window of
GenOSys as illustrated in Figure 8.

Figure 8—Raster site plan

This raster plan now needs to be
registered onto the Ordnance Survey

correspond to their real-world
positions. This is done in three steps.
Firstly, as part of the GenOSys
planning process a 5 cm line is placed
on the developer’s plan. This line is
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overlaid in the software with a line
that sets the scale of the plan.
Secondly, the orientation of the north
is set and finally, the scale of the map
is set. Together these steps ensure
that each piece of plant located on
the map has a corresponding real-
world geographic location. All these
steps have been illustrated in the
screen shot of Figure 9. Next, the
greenfield planner would spot the
customers on the proposed site,
indicating the levels of demand (in
64 kbit/s channels) required by each
of the customer locations. Options for
both residential (flats and houses)
and business customer levels of
demand can be selected by menu
option. Figure 10 shows how this is
done. Next a civils layer (trench)
network is laid out. The guidelines
for trench links specify that they
should follow the pavements on
either side of the proposed roads on
the site.

GenOSys enables this process by
providing a magic spine civils link
which enables the planner to lay a
track on the pavement outside the
housing units and then the system
completes the layout of civils links
and nodes.

Civils nodes using the magic spine
are placed closest to each of the
customer locations and then con-
nected as shown in Figure 11.

The positions of the nodes and
links placed can easily be modified if

required, either by moving the nodes
or by removing and re-laying links.
Since civils links can be placed along
any desired path, then a precise
route can be followed in defining the
trench. For trench nodes, each
customer has a node left on the
frontage area. Other positions for
nodes are at road crossings and
between long runs of trenching, If
purely automatic planning is going to

be carried out by the planner, then a
dense network of civils trenches can
be laid down. This ensures that
GenOSys has a wide range of
alternatives to choose from when
optimising for the best network
configuration. At this point, the
planner can either let GenOSys do
the network topology optimisation for
the duct and cable layers or carry on
to finish the design of the duct and

Figure 11—Defining the civils network layout
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Figure 12— GenOSys pre-start checks

cable layers manually. Prior to any
optimisation being carried out,
several criteria must be met by the
civils layer configuration. If any of
these conditions (Figure 12) are not
met then network optimisation
cannot proceed.

For instance, full connectivity of
the civils layer is essential. While
this is currently detected in software,
correction for gaps needs to be
visually done by the planner. Fig-
ure 13 illustrates the view provided
on the network to enable this process.
If GenOSys performs the
optimisation (Figure 12) of cable and
duct layers, the planner still has the
option of overriding the topology by
manually placing items on the duct
and cable layer. Placing links and
nodes in the duct and cable layer
follows the same drag-and-drop
metaphor used for the civils layer.
Each of the layers (civils, duct and
cable) of a planned network can be
independently viewed by selecting
that layer into the main viewing
window. Figure 14 shows how this is
done.

Once a network has been planned,
several key outputs can be created.
These outputs can form part of a
proposal that is passed to the building
developer;, or part of a job pack sent
out to the field implementation team.
A complete breakdown of the costs for
the greenfield network build can be
obtained on request as well as a bill of
quantities which highlights the stores
items required, their quantities and
store codes.

Geographic duct diagrams
(Figure 15) as well as schematic
cable diagrams (Figure 16) can be
produced from GenOSys. At the
bearer layer, a jointing schedule is
produced by the system on the basis
of the distance of each customer from
the site serving PCP.
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GenOSys was placed on a test-bed at
Crayford, South London, for initial
measurement of benefits in Octo-

ber 1997. At the end of this testing in
February 1998, GenOSys had
exceeded every single baseline
measure of productivity, with average
productivity increases of about

500 per cent being reported?® This
translated into a complete clearing of
the backlog of waiting greenfield
proposals in south London. The
system was then piloted in South-
ampton, Canterbury and Crayford in
March 1998. Confirmation of the
test-bed results led to the national
roll-out of the manual version in
September 1998. The fully optimising

Ductjjayer = _

v

version of GenOSys has just com-
pleted extended trials at Southamp-
ton. The reported savings in material
costs are of the order of 15 per cent.
This version is scheduled for national
roll-out in November 1998.

Through the development and
deployment of GenOSys, several
important lessons have been learned:

® Risk taking Key technology
decisions made by the product
delivery team have been supported
throughout, even when these
decisions meant utilising products
and applications not previously
accepted or widely used within the
BT development community. The
freedom to sometimes make
unconventional choices has
contributed significantly to the
success of product delivery.

British Telecommunications Engineering, Vol. 17, Jan. 1999
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Figure 16 —Cable schematic diagram

® Clarification of administrative and
product development responsibili-
ties are needed at the

beginning The financial adminis-
tration of the overall product
delivery has to be integrated with
the process of creating the product,
but responsibilities for the other
aspects need to made clear from
the outset. In the case of GenOSys,
product development, resourcing
and awareness issues were
managed within the unit. Budget
allocation and tracking, end-user
training, user issues, road shows,

test-bed and pilot administration
were externally managed by the
customer’s representative.

End users are a key part of the
development process End users
should be involved in the product-
build process especially when the
early prototypes have been stabi-
lised. Many planners know what
they want in a system, however, the
initial difficulty is in expressing this
in terms that can be translated
directly into a product. Early
prototypes enable ‘straw men’ to be

British Telecommunications Engineering, Vol. 17, Jan. 1999
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Figure 15— Geographic duct diagram

set up and give the end users a
chance to see how well this fits with
their perception of what the final
product will look and feel like. By
surfacing enough stable functional-
ity early in the product-build cycle,
many course corrections can be
made incrementally and continu-
ously. This process can take place
within a controlled test bed and/or
enthusiastic product champions
across the company. End users often
use a product in ways not always
possible to predict in advance.
These ways of working can some-
times yield insights into how to
make a particular feature or feature
set easier to use. It can also enable
problems not caught in normal
testing to emerge. The process of
early exposure also enables any
misunderstanding of system
requirements or specification to be
exposed and handled. The impor-
tance of user involvement has also
been identified in an earlier article
in this series®. Such involvement
concurs with known industry best
practices such as rapid prototyping
and concurrent engineering®.

® A modular product architecture is

highly advantageous The ability to
respond quickly to change in the
short term and to evolve the basic
product in the long term is a function
of the modularity of its architecture.
Several times, on the way to the final
delivered product, there was the
need to make changes to GenOSys
either on the basis of its feature set
or because unforeseen require-
ments arose. In each case, the
modular architecture framework,
based on object-oriented technology
made it feasible to allow change
within a reasonable time frame.

® Use national roll-out as an oppor-

tunity to accept new product
issues When a software product
of any reasonable complexity is
shipped, there can be no absolute
guarantees of functionality. This is
well expressed in the end-user
licence agreement statements of

289



STRUCTURED PROCESS IMPROVEMENT

practically every shrink-wrapped
software product on the market. In
summary, fitness for purpose does
not imply the complete absence of
defects. As a product begins to be
widely used, its true complexity
makes itself known in the form of
problems (major and minor) which
were not caught in the stages
leading up to roll-out. This does not
imply negligence on the part of the
design and build team, the subsys-
tems and systems testers, test-bed
or pilot users. [t is simply an
expression of the level of complex-
ity of intellectual property that has
been captured within the product.
Therefore, roll-out and the subse-
quent issues and problems that
arise as end users push the
product’s performance envelope
represent a good opportunity to
continue the evolution of the
product. It is essential to maintain
user confidence in the product by
providing a means for them to
express dissatisfaction about any
aspects of it. For GenOSys, a Web
site was set up soon after national
roll-out. This site, along with a
helpdesk is the primary means
through which grievances can be
aired by the end users and a
response provided by the build
team. This ongoing process assures
that defects within GenOSys are
clearly and openly acknowledged
even as they are being resolved.

Finally, the GenOSys optimiser has
brought about, through the reduced
cycle time of the planning process, the
prospect of planned greenfield sites
on-demand. This will bring forecast
and real demand closer together in
time and reduce the need for costly re-
work. This could turn out to be a key
gain in line with the ideas of structure
process improvement.
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HUMAN FACTORS

‘The Eye of the Beholder—
Designing for Colour-Blind

Colour-blind computer
users see things
differently from most
people, but this is seldom
considered in the design
of software or Web pages.
This article offers a
simple technique for
simulating the
differences, to help
designers and developers
avoid disadvantaging

their users.

Users

Introduction

Have you ever wondered how
different the world could seem to
someone with a colour-vision defi-
ciency? Have you ever wondered
whether they can understand your
Web page, or follow the colour cues in
your software?

If it is not your problem, you have
probably never considered it. However,
one man in 12 has some degree of
colour-vision deficiency, or colour
blindness (it is rare in women). The
colour choices we male in software and
Web design can make life more difficult
for these people, if we are uninformed.

In good design, colour should never
be the primary cue for information.
The options should be clear without
colour, and the colour is simply added
as a means of emphasis.

Yet, colour becomes more and more
a part of our everyday work, espe-
cially with computers increasingly
supporting a greater range of colours.
Often it is simply decorative, but
colour cues are frequently used as the
primary means of informing the user
how to interpret information.

Published algorithms enable us to
calculate how colours appear to
individuals with certain types of
colour vision deficiency. However, the
mathematics is fairly complex, and
designers and developers need an
easier way to see how their choices
impact colour-blind users.

This article offers a method for
representing images as perceived
with a colour deficiency, so designers
can produce interfaces which avoid
causing problems for their users.

Bvritish Telecommunications Engineering, Vol. 17, Jan. 1999

Most colour-blind people have a
deficiency with either red or green,
and by focussing on the worst case
scenario for these groups, maximum
inclusiveness can be obtained.

‘The Basics of Colour Vision’
introduces how colour vision works,
in the simplest terms. ‘Problems with
Colour Vision’ looks at how colour
vision deficiency happens. The
section on “The Colour Transforma-
tions’ explains the theory behind the
palettes, ‘Using the New Palettes’
describes their application, and
‘Postscript on Colour Displays’ looks
at some of the technical issues with
monitors. The ‘Glossary’ covers the
basic colour-vision terms, and words
which appear there are in bold
italics when they are first used.

The Basics of Colour Vision

We perceive colour via photosensitive
cells in the eye, the rods and cones.
The cones normally contain pigments
tuned to receive wavelengths in three
parts of the visible spectrum (Table 1).
This gives us trichromatic vision.
They can be referred to as Red, Green
and Blue, although p (rho), Y (gamma)
and f (beta) are sometimes used to
avoid confusion with the common
understanding of the colour names.
The wavelengths given are for
peak receptivity, although they also
receive light spread 100 nm or more
either side of the peak, to a diminish-
ing extent. Rods receive light at
around 500 nm, but only as lightness.
The brain further processes the
colour received by the eyes, and there
are also psychological issues, but this
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Table 1 Gomparison of Cone Names and Visible Spectrum Colours

Name Alias Symbol | Wavelength' | CGolour Proportion
rho red r 590 nm yellow-orange 60%
gamma green g 550 nm yellowish green 30%
beta blue b 440 nm bluish violet 10%

article deals only with the initial
stage.

Problems with Colour Vision

In a person who is a dichromat, one
of the pigments is missing. This is
usually red or green, although
sometimes blue. A quarter of colour-
blind people are dichromats.

For the other three-quarters, either
the red-sensitive cones have had their
tuning shifted towards the green part
of the spectrum, or the green peak is
shifted towards the red wavelengths.
All three sets of cones still work, so
they are still trichromats, but because

of the shift in sensitivity are referred
to as anomalous trichromats. The
visual effect covers the continuum
from normal trichromatic vision to
dichromatic vision, so the common
expression ‘colour blind’ is less
appropriate to this group. (See
Figure 1.)

Eight percent of Caucasian men are
colour blind!. This is made up of 1%
red-blind (protanope) and 1-1% green-
blind (deuteranope) dichromats; 1%
red-insensitive (protanomolous)
trichromats, and 4-9% green-insensi-
tive (deuteranomolous) trichromats.
Only 0-002% of men are blue-blind
(tritanopia—tritanomalous condi-

Figure 1— Relation between trichromats and dichromats
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Figure 2—The CIE Yu*v* colour space, with confusion lines for protanopes (left)
and deuteranopes (right) (included with permission from HCI Resources Network)
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tions are not known) and 0-003% of
men are totally colour blind. This
article does not deal with these rarer
conditions.

The red and green forms of colour
deficiency are caused by a recessive
gene on the X chromosome, and are
therefore more common among men.
Only 0:4% of women have any sort of
colour vision deficiency, most of them
being the red or green forms.

The Colour Transformations

The work described in this article
relates to the most common deficien-
cies with red and green. These deficien-
cies are also very similar to each other,
in terms of colour perception. It also
deals with dichromatic vision, as that
is calculable and represents the ‘worst
case’ scenario. If one designs for
dichromats, the lesser degrees of colour
deficiency will be well accommodated.

Interestingly, a red or green
deficiency does not simply affect how
one perceives red or green. Any
colours that vary from each other by
the amount of red or green they
contain will also appear different. In
addition, because protanopes are less
sensitive to light at the red end of the
spectrum, colours in this area appear
darker to them. Deuteranopes do not
see this luminosity difference, as the
other cones and rods compensate.

Another interesting aspect is that
colours perceived by protanopes and
deuteranopes are broadly similar,
with just a slight greenish cast to the
protan palette, and an orangey cast
to the deutan palette.

In colour science, the visible
spectrum can be represented in a
diagram known as a CIE chromatic-
ity diagramt. In Figure 2, the outer
triangular shape represents visible
wavelengths. The lines that are
roughly horizontal through this space
(confusion lines) indicate the colours
that dichromats get confused. Every

1 The colours displayed on a
computer monitor are a subset of this
space, indicated by triangles in the
diagrams.
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Figure 3—The look of the Web-safe palette, and how it compares to the transformed palettes

colour along a given line looks the
same as all the other colours along
that line. The point at which the
Colour line crosses them represents
the perceived colour for that confu-
sion line.

The position of any colour relative
to these lines can be calculated. The
relation between colours in a CIE
chromaticity diagram and colours for
given monitor phosphors is known, so
RGB equivalent values can be
generated for a monitor with known
chromaticity coordinates?. It can, in
theory, be done with as many colours
as one cares to calculate (within the
gamut for the monitor), but the work
in this article is based on the stand-
ard 216-colourt web-safe palette*S.

Values were calculated according
to established algorithms?, and
palette files were created from the

T There are 216 colours considered
‘safe’ to use on Web pages, because
they are common to most of the
computing platforms available. When
other values are used, any system
running 256 colours will substitute
the specified colours for those it has
available. Backgrounds will change
colour, and flat colours in gifs will
dither. Using the Web-safe palette
gives better visual control over what
the end user sees. The web-safe
palette includes all colours (and no
others) which have RGB values made
up of 0, 51, 102, 153, 204, and 255 (or
33, 66, 99, CC, FF in Hex).

t Please note that printed colour
may look quite different from screen
colour, and these printed images will
not be a totally accurate reproduction
of how the colours look on screen.
For more clarity, see the images on
the Web site.

Standard
Protan

Deutan

results in the * pal format (as used
by Paintshop Pro). Figure 3 gives a
visual representation of how the
palettes comparef for the 216 colours.
Figure 4 shows the corresponding
transformation of the old Windows
16-colour palette.

A striking feature of these two
transformed palettes is how similar
they are. The transformations are all
roughly divided into yellows/ochres,
and blues. The protan palette seems
to have the slightest greenish cast,
whereas the deutan palette has a
slight orange cast. Both red and
green vanish from the palettes, as
well as purples and oranges.

One can work out easily whether
a given RGB value falls into the
yellows or blues group. In general, if
the Red value is greater than the
Blue, it appears in the yellows group,
and if Red is less than Blue it
appears in the blues group. A colour
generally appears neutral when
Green equals Blue, more or less
regardless of the value for Red.

The transformed Web colours are
available as *.pal files and/or *.gifs
which can downloaded from the
colour pages at http:/
www.labs.bt.com/people/rigdence/
colours/. Certain pages within the
site also ‘list’ the Web colours visu-
ally, alongside their transformed
colours, so that a direct comparison
may be made. They are shown all
together, and are divided into blues,
yellows, and neutrals as well.

British Telecommunications Engineering, Vol. 17, Jan. 1999

Figure 4—The transformation when applied to the 16-colour palette

Using the New Palettes

There are two basic approaches to
using these palettes:

® apply them to images, to approxi-
mate how they appear to
protanopes and deuteranopes; and

@ use the understanding of the
transformed palettes to select
colours which work together
safely for the Web site’s naviga-
tional scheme.

For the first approach, the basic
Web-safe palette is loaded or applied
to an image or screen capture. Save
the files into a convenient directory.
In PaintShop Pro, choose Colors -
Load palette..., and select web-
safe.pal. ‘Nearest colour’ should be
used for flat-colour images such as
gifs, and ‘error diffusion’ for photo-
graphst. (Other commercial paint
programs have similar functions.)

Two copies are then made of the
image. To one copy, apply protan.pal
in the same way, but this time select
the dialogue option ‘Maintain
indexes’. Apply the deutan.pal file to
the second copy. The resulting images
are a visual approximation of how it
would look to a protanope or deuter-

1 This will also show how the
image will look when viewed on a
256-colour monitor, if it has not
already been checked.
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Using standard palette

Using protan palette

Figure 5—Example transformations of a photograph

anope. Figure 5 gives an example of
how this would work on a photo-
graph.

It is important that the Web-safe
colours are in their correct index
positions, in order to correlate with
the transformed palettes. If in doubt,
re-map to the Web-safe palette
supplied with the others.

For the second approach, the
designer starts with the sort of colour
scheme they are considering, based
on the non-functional requirements
of the site, aesthetics, and the
general ‘feel’ being sought. They can
then look at the corresponding
colours in the transformed palettes,
and use that information to help
them choose the most suitable
colours in the primary palette which
will also ‘work’ in the transformed
palettes.

For example, for the colour site
where these files are kept, a prima-
rily monochromatic colour scheme
was chosen. By using a pale colour
for the navigation panel, a colour
could be chosen for un-followed links
which was contrasting enough to be
readable there as well as in the
main page. To be easily distin-
guished from a green un-followed
link, the followed links colour was
chosen from among cooler colours,
while still toning with the main
colour scheme. Figure 6 illustrates
how these compare.

The colour differences in the
lighter shades are marginally more
visible to anomalous trichromats,
while the mid-tone and darker shades
are more consistently confused.

Multiple colours will create
greater difficulty in finding shades

Using deutan palette

that are adequately different from
each other when transformed.
Early work suggests that only up
to four colours may be chosen
which can be clearly differentiated.
When more colours are used, make
sure their differentiation is less
important.

Keep in mind cultural meanings
also, when choosing how to represent
information with colour.

The two essential points to
remember are:

® Make sure that any text has a
good luminosity (brightness)
contrast with its background, for
readability. Do not put a mid-tone
against a mid-tone. Large areas of
text for reading need to ensure
greater contrast than text in a
navigation bar.

Figure 6 —Sample colour selection based on a monochrome palette, showing how it looks normally, followed by how it appears
with the protan (bottom left) and deutan (bottom right) palettes

T
=]
=
™

Section
Section
Section

Current section

Tre ahyoptriuo $op XOAXYAGTVY Mow Stppepevt Xohovpo
ope A1epX e el By TN00E WLTY & Xohovp Weatow SepeXT

10 Booed ov e XIE ohoup onroye, avb The kvowy

3xovgpyoroy hveos (ey HXI PN) soroBhioned werpe mpor
onoxe. Tye vohyphariovg THoT ope pednped ¢op yovmepTivy
PI'B w70 19¢ XIE ohoup omoys uvor Gspius 798 THOOANOH
WONVED, THE WINTE TIOWT 08 TNE YU OETTIWYO $0p & HOVLTOP.

Current secticn

Tre ohyopeTpy $op XOAXVAGTLYY Now &pdepeys Xohovpo

ope nEpx BB By THoos wir) 0 Yohoup Diawoy SeeyT

10 Booed ov T9¢ XIE Xovoup oneye, ovb TR kvowy

sxovevatov hvios (ey EXI PN) soro@Nhaned wumpy ryos
ono)e. Tye yohyvharovg TeT ope peupeb poo ovmeprivy
PT'B twro e XIE xohotp omaye pvor Szhivs Te AY0ORN0p
WBONVET, TNE WALTE NOWT OV TYE YORLKOETTIVYI $OP & LOVLTOP.

Home Home
Current section
Section Section
Section Tre ahyopTyro gop XGAXVAGTWY 900 BtppepsyT Yohoypo Section
Section ope nepXEmed By ™00 £ WLTY o Yohovp Tigww SepexT Section
(0 Bowed ov Tpe XIE xohovp omoxe, ol 1€ kvowy
sxovgvotov hweos (ey HXI PN) soroBhiones wirpu mar
onoye. Tye yohyvhariovo THoT ope pedupes pop YovmepTivy
PI'B wro 1pe XIE yohovp 0n0)s wvar begiis TRE MPOGAN0P
BOAVED, TNE WINTE TOWT GUS TE YOUUG OETTWYO GOP Ct HOVTOP.
294

British Telecommunications Engineering, Vol. 17, Jan. 1999



@® Make sure that the colours chosen
for followed and un-followed links
are far enough apart. It is safest
if they fall on either side of the
colour division in the palette, so
that one colour is transformed
into the blues group and the other
one is in the yellows group.

Then double-check their effective-
ness by taking a screen capture of
your choices (as in Figure 6), and
applying the transformed palettes to
them.

Postscript on Colour
Displays

A prevalent concern about doing this
kind of work in the past has been the
lack of precision involved. The
colours on every computer monitor
are going to be slightly different,
according to the gamma setting and
the colours of the RGB phosphors.
This makes it impossible to come up
with a single ‘true’ RGB value for any
specificreal-world colour, and makes
it difficult to manage accurate colour
reproduction on screen.

However, in practical terms, RGB
is used to define colour in software
and on the Web, without concern for
the chromaticity values. Modern
monitors are becoming more similar
than they used to be, as manufactur-
ing becomes more standardised.
Therefore, in spite of a lack of real
precision, these transformations are
avalid and practical means of
ensuring that an interface does not
cause problems for colour-blind
individuals.
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Glossary

trichromat a person who has
three colour reception pigments
functional to some degree.
dichromat a person who has only
two of the three pigments functional.
anomalous trichromat a person
who is a trichromat, but one pigment
is dysfunctional, or anomalous.

pro- Latin for ‘first’, and referring
to red (first of the trio RGB).
protan relating to problems with
red reception.

protanopia condition where the
red (first) pigment is missing, ‘red
blind’.

protanope dichromat with
protanopia.

protanomaly ‘red insensitive’
anomalous condition.

deu- Latin for ‘second’, and
referring to green (second of the trio
RGB).

deutan relating to problems with
green reception.

deuteranopia condition where the

green (second) pigment is missing,
‘green blind’.

British Telecommunications Engineering, Vol. 17, Jan. 1999
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deuteranope dichromat with
deuteranopia.

deuteranomaly ‘green insensi-
tive’ anomalous condition.

tri- Latin for ‘third’, and referring
to blue (third of the trio RGB).
tritan relating to problems with
blue reception.

tritanopia condition where the
blue (third) pigment is missing, ‘blue
blind’.

tritanope dichromat with tritano-
pia.

tritanomaly theoretically the ‘blue
insensitive’ anomalous condition, but
the condition is not known to exist.
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Ian Hawker

Evolution of the BT UK Core
Transport Network

To meet increasing
demands for capacity, the
BT UK transport layer
will see the rapid
introduction of advanced
synchronous digital
hierarchy (SDH) and
wavelength-division
multiplexing (WDM)
technology. Unit costs will
similarly reduce so that
total costs remain within

the investment envelope.
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Existing Transport Network

== = A

The BT UK core transport network
refers to the underlying
plesiochronous digital hierarchy
(PDH), synchronous digital hierarchy
(SDH) and wavelength-division
multiplexing (WDM) networks which
support the various switching
platforms (Figure 1) and routes
capacity in 2-140 Mbit/s blocks
between exhanges. Currently about
50% of network capacity is PDH
which is continuously being replaced
and upgraded by a software-managed
SDH transport network. The current
BT SDH network structure (Fig-

ure 2) is layered, with the long haul
and regional networks largely
deployed and the metropolitan and
access SDH networks being rapidly
rolled out.

Figure 2—BT SDH network

WIDEBAND
ACCESS
30000 SITES
40% OF COST

ACCESS

FRAME
P
PSTN | ATM | Tor iy [ OTHERS || swiTCHING
SOH
P | TRANSPORT
CABLE AND WOM

Figure 1 —Transport and switch
platforms

Drivers for Change

A number of clear drivers for evolu-
tion can be identified:

® The BT transport network will
require about x10 increase in
capacity within 5-10 years to
support increasing volumes of
traffic from broadband and Internet
services. Broadband requires
bandwidth in the range 2-140 Mbit/s,
and both require (on average)

REGIONAL
500NODES
20% OF COST

LONGHAUL
50 NODES

METROPOLITAN
2000 NODES
30% OF COST

10% OF COST
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Figure 3— Rapid technology introduc-
tion

holding times measured in hours
rather than the 3 minutes typical of
today’s telephone calls. This is also
evident for international circuits
where (for example) TAT14, due to
land in the UK in 2000, will require
more than 300 Ghit/s capacity from
the international backhaul network
(which provides capacity between
London, Madley and the frontier
stations).

To support these volumes, within
the annual capital budget for
transmission, unit costs (for
example, cost per 2 Mbit/s circuit)
must similarly reduce by x10
within the 5-10 year time frame.

BT will need to provide large
chunks of nx140 Mbit/s capacity at
short notice for start-up companies.
This is already happening in
London so both high capacity and
flexibility through software control
are essential.

Network resilience to cable hits
(usually generated by utilities
such as electricity and gas

x10

NETWORK
CAPACITY

DATAWAVE

10-40 Gbit/s SDH/WDM

40-320 Ghit/s SDH/WDM

x1
2-4 Gbit/s SDH

0 ! !

1999 2000 2001
YEAR

starting with roll-out in 1998 of
advanced SDH technology. Within
the core (layers 1-2), use of advanced
SDH shared protection rings
(SPRings) is reducing unit costs by
replacing deployment of large SDH
cross-connects by less expensive SDH
add-drop multiplexer (ADM) rings
(Figure 4). These have less flexibility
than cross-connects but are easier to
manage and offer high-speed protec-
tion. The payback period for SPRings
is typically less than 2 years (Fig-
ure 5), compared with growing the
mesh. SPRings are being extensively
rolled out to carry private services
and broadband ATM traffic.

A typical 25 Gbit/s SPRing
(Figure 6) has eight working and eight
spare 140 Mbit/s blocks (VC4s) per
link which, in the event of a cable cut,
are automatically re-routed around
the ring within 50 ms using standby

2002 2003 2004

routes from the ‘pool’ of spare capacity.
Restoration from a cable break in an
SDH mesh is slower, taking up to 5
min, owing to the extensive signalling
needed between the element manager
and the network control layer to
locate the break, compute the restora-
tion plan and make good using
whatever spare capacity can be found.

SPRings have about 50% utilisa-
tion (ratio of live to total capacity),
which can be increased by also
carrying ‘bumpable traffic’ such as
public switched telephone network
(PSTN) traffic. This utilisation
compares well with dedicated
protection rings at 25%.

The unit cost reduction using
advanced SDH products compared
with the current SDH/PDH mix is
estimated as 30% with 2-5 Gbit/s

Figure 6 —Shared protection ring

suppliers) is essential to restore
service within milliseconds before
the customer ‘sees’ a fault. This
requires more advanced and cost-
effective SDH SPRing and WDM
technology, described later.

cosT
To meet this growth, BT will

introduce high-speed technology

30%
CHEAPER

@)

Figure 4—The price of flexibility

MESH

2-4 Gbit/s SPRing

through its suppliers, upgrading the
SDH network from 2-4 Gbit/s today
to 10 Gbit/s SDH in 1999 (Figure 3).
This will be combined with

16/32 wavelength WDM systems
providing 16x2-5=40 Gbit/s in 1999
and 32x10 =320 Gbit/s capacity
systems by year 2000. If the capacity
increase is less than expected then
this will simply provide more time to
introduce the technology and new
planning and operational practices.

ANNUAL
CAPITAL
SPEND

Advanced SDH Technology

]

We now consider a step-by-step
approach to reducing unit costs
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Figure 5—SPRing ‘payback’ in two years
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Figure 7—WDM point-to-point
system (protected)

SDH SPRings and a further 40-50%

with 10 Gbit/s SDH SPRings.
Overall cost reduction using

advanced SDH is approximately

x 3. (Target x10!)

Clearly SDH alone is unlikely to
produce the required cost reduction of
%10 within the 5-10 year timeframe
and we must turn to WDM for further
reduction in unit cost.

Near-Term WDM Technology

In its simplest point-to-point form,
WDM allows the capacity of existing
optical cables to be increased by the
number of wavelengths used (existing
optical systems use one wavelength)
at the expense of additional WDM
multiplexing at each line system
terminal. Also, optical amplifiers
replace regenerators so that repeater
costs are shared over each wave-
length. WDM systems generally cost
in (with respect to SDH) for line
systems greater than about 80 km in
length, although unamplified metro-
politan WDM systems cost in at much
shorter spans. Hence the immediate
benefits of point-to-point WDM
technology for network planners are:

® reduced spend on new cables, and
® reduced cost of repeaters.

A further short-term benefit for
network operations is that 1+1 WDM
systems with 50 ms protection
(Figure 7) can be used to upgrade the
performance of the legacy PDH
network. One route carries live
traffic while the other is on ‘hot
standby’ ready to switch over if
needed. Initially 1+1 WDM systems
will be complementary to SPRings
(which also have 1+1 protection) and
deployed mainly at the network
periphery or on special long routes.
WDM systems currently use trans-
ponders to convert signals from
legacy PDH and SDH client systems
to a standard wavelength grid before
launching onto the fibre. Transpond-
ers allow interworking of various
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vendors’ systems but add about 50%
to the total cost of a WDM system.
Hence there are strong drivers to
reduce the use of transponders where
possible using open interfaces being
defined within standards committees.

The first two 16-wavelength WDM
pilot systems (Figure 8) will be
introduced in the BT inland network
by Lucent (Carlisle-Belfast) and
Ericsson (Newcastle-Edinburgh).
These were chosen to increase cable
capacity and currently carry a mixture
of PDH 565 Mbit/s and SDH 622 Mbit/
s and 25 Gbit/s systems. The Carlisle-
Belfast route uses two submarine
systems in the Irish Sea where
capacity is particularly at a premium.

WDM may also be embedded into
SDH, for example, increasing SPRing
capacity up to 160 Gbit/s.

A Managed Optical Platform
Whereas the WDM point-to-point
systems have a specific use in reducing
cable spend, the goal is to introduce a
managed optical platform, containing
wavelength add-drop multiplexing
(WADM) and optical cross-connect
(OXC) network capability. The new
platform will support a large collection
of client platforms including SDH,

Figure 8—WDM pilot routes
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ATM, Internet protocol (IP), etc. This
ability to support multiple platforms
transparently is unique to WDM and
provides telcos with an opportunity for
large cost reductions (and resilience to
cable breaks and equipment failures)
as traffic levels climb to x100 current
levels in 10+ years.

An example (Figure 9) shows a
WADM system routing individual
wavelengths (or blocks of wavelengths)
between nodes on the ring and
providing efficient 1+1 fast protection
in the event of cable cuts or node
failures. This is equivalent to a small
optical network (up to about 800 km
periphery on first product releases in
2000) and provides a relatively low risk
way of introducing the WADM technol-
ogy into the network because:

@ All of the route lengths are well
defined and designed to be within
system limitations such as
dispersion and crosstalk for up to
10 Ghit/s operation and about 32
wavelengths.

® Although the WDM technology
can be described as ‘state of the
art’ it does not contain any
radically new technology (for
example, large OXCs).

v
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Figure 10—Building optical networks

The gateway between WADM
rings is an SDH cross-connect which
provides 140 Mbit/s traffic grooming.
Later this can be supplemented by a
small OXC allowing express wave-
lengths to be routed between rings
(Figure 10). The OXCs are likely to
use transponders to regenerate the
optical signals between WADMs rings
and reduce the impact of system
constraints across the optical network.
This network is effectively an optical
multi-service platform supporting a
mix of client platforms.

In the longer term (10+ years),
when traffic levels have increased
by x10-100, optical networking can
be expected to reduce unit costs for
transmission by greater than 10
times compared with traditional
PDH/SDH solutions, mainly
because it can handle large blocks
of capacity cost effectively. Within
5-10 years a 50% reduction in unit
costs with WDM is assumed, so that
combining cost reductions from

both advanced SDH and WDM
gives an overall reduction com-
pared with the current SDH/PDH
mix of about x5.

Figure 11—Too many platforms!

Figure 9—Elements of an optical
network

Simplified Network
Architectures

In order to meet the x10 reduction in
unit costs in the core we need to take a
wider look at platform architectures to
see if there are opportunities to reduce
the number of platforms needed to
carry broadband, IP and other services.
Figure 11 shows an example of the
current platform architecture where a
typical service such as IP or frame
relay may be transported over a stack
of four-five other platforms. Generally
this situation arises naturally as new
platforms are rolled out over legacy
platforms, but a simple cost analysis
shows how cost reductions can be
obtained by doing things differently.

Figures 12-14 show three options
for transporting IP services. Fig-
ure 12 shows the use of the existing
multi-service ATM platform to
transport IP, which in turn runs over
the SDH and cable/WDM platform.
This is a reasonable option when IP
volumes are relatively small and
where good quality of service (QoS)
(provided by the ATM layer) is
needed from the beginning.

However when IP volumes grow to
equal those of (say) PSTN the question
arises ‘do we really need three plat-
forms to transport [P? Why not route

SMDS
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Figure 12— IP-over-ATM-over-SDH

IP directly over SDH (Figure 13),
missing out the ATM platform and
using increased functionality IP
routers to provide QoS? The majority of
telcos support this alternative, which
becomes increasingly cost-effective as
volumes increase (Figure 15). So,
looking once again at unit cost reduc-
tion, we see that the combination of (1)
advanced SDH, (2) WDM and (3)
simplified platform architectures
described above is expected to provide

Figure 15—Scalability of platform
options
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Figure 16— New network architectures
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the x10 cost reduction needed to
support 5-10 year growth within the
investment envelope as follows.

In the longer term, the combina-
tion of increased functionality and
QoS of the IP and optical platforms
makes IP directly over WDM attrac-
tive (Figure 14). Worldwide activity on
this topic is increasing, and commer-
cial IP/WDM networks will appear
within a year. The overall architecture
(Figure 16) will change to include a
large chunk of IP over SDH or WDM
in addition to the legacy IP/ATM
option. Alternatively, if the volume of
ATM traffic becomes significant, the
option of ATM running directly over
WADM should be considered.

Summary

In order to meet increasing demands
for capacity by about x10 in 5-10
years the BT UK transport layer will
see rapid introduction of advanced
SDH and WDM technology. To
remain within the investment
envelope, unit costs will similarly
need to reduce in the same period,
taking managed risks to introduce
new technology quite rapidly.

i | rc |voice voice| pc | voice
P
SoH/

P ATH soner | PO

PC VOICE
AN

SDHISONET POH WOM/OPTICAL LAVER

OPTICAL FIBRELAYER OPTICAL FIBRE LAVER

NOW FUTURE

300

(101

IP
ROUTER

L L
TRANSPONDERS

Do~

WDM
MULTIPLEXER

Figure 14—IP-over-WDM

Glossary

ATM Asynchronous transfer mode
IP Internet protocol

SDH Synchronous digital hierarchy
OADM Optical add-drop multiplexer
OXC Optical cross-connect

PDH Plesiochronous digital
hierarchy

PSTN Public switched telephone
network

QoS Quality of service

SPRings Shared protection rings
WDM Wavelength division
multiplexing

WADM Wavelength add-drop
multiplexing
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Video-Based Virtual Clubs

Using Multimedia to Re-present Technology to Women

The Virtual Clubs project is
providing a novel solution to
the problem of how to attract

more women. into IT. The goal
of the project is to engage
young women’s interest by
changing their perceptions of
what technology can offer
them. Funded by a BT
University Development
Award, six secondary schools
are linked to universities via
desktop videoconferencing,
using collaborative technology
and Internet applications to
create a virtual club. Young
women are being enabled to
acquire a range of new skills
in creating and sharing
multimedia information,
thereby enhancing their
perceptions of their own
abilities in using technology.
The project is creating a
networked community of
young women who might
otherwise be excluded from
the technological future.

Introduction

The Virtuel Clubs project was
conceived as a new approach to the
problem of how to widen women’s
access to computing courses in
further and higher education (FE
and HE). The aim is to create an
environment in which young women
can be engaged with technology
through the appeal of multimedia
and the Internet, and through
acquiring confidence in their own
computer-related skills. It is intended
that this will lead to a greater
participation by women in computing
courses at university.

The issue of women’s low partici-
pation at all levels of IT has been
widely debated over the last decade,
but remains a persistent problem
despite efforts by the Women into
Computing (WiC) and Women into
Technology (WiT) movements.
Computing workshops organised by
universities, for example, have had
littleimpact on the numbers of
women entering computing courses!.

Motivations for not giving up on
the situation remain strong, however.
Recent EU policies on social inclu-
sion, the shortage of IT skills in the
UK, and the ever-increasing role of
technology in business and in the
home, all provide good reasons for
encouraging more women to take up
computing careers. A speaker at a
recent seminar noted the UK wom-
en’s falling interest in entering a
career in computing, at a time when
the UK has the highest growth in IT-
related business in Europe. Of
British Computer Society members,
only 9-2% are female, this falling to
4% as Fellows?.

The project described in this
article takes a new approach to the

British Telecommunications Engineering,Vol. 17, Jan. 1999

problem, based on a set of require-
ments identified from the literature
and the authors’ experiences with
WiC workshops. The solution to the
problem of involving more women in
computing requires the following:

® engagement of women’s interest in
interacting with technology;

@ a change in women’s perceptions
of their own abilities to interact
effectively and creatively with
technology;

@ a change in women’s perception of
computers, their users and IT
careers; and

@ a change in knowledge about the
capabilities of computers and
computer-mediated communication.

The method adopted by the
project to meet these requirements is
to employ real-time multimedia
conferencing, Internet software tools,
and a long-term plan to help teenage
girls develop a range of skills. The
success of the project will be judged
by measuring participants’ attitude
changes in relation to the above
requirements, using questionnaires
and other techniques.

Virtual Clubs began in October
1997 and the project is funded for 18
months by a BT University Develop-
ment Award. The collaborating
institutions are Queen Mary and
Westfield College (QMW)—the lead
partner, the University of Sussex, and
the College of West Angliat. Approxi-

t The College of West Anglia, a
further education institution, was
formerly known as the Norfolk
College of Arts and Technology
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mately 50 students from six secondary
schoolsy are currently participating in
the project. Sites are connected over
integrated services digital network
(ISDN) for videoconferencing and
Internet-based activities.

Background

Explanations of women’s low partici-
pation in IT have varied over the last
decade. Initially ascribed to girls’ low
access to computers at school, the
situation appears now to be more
complex than originally thought!.
Recent research indicates that the
standard of female computer literacy
is still far behind that of their male
counterparts, despite increasing
investment in computers, networking
and Internet access in schools?.

Some studies suggest that girls’
performances are held back by
gendered expectations about their
computer-related abilities, although
these results are mixed*. Another
reason may be girls’ perceptions of
computing applications and their
users. For instance, media talk of
‘anoraks’ and ‘nerds’ populating the
Internet may be creating a false
image of the typical IT enthusiast
that is unattractive to girls. The very
language of computing itself is
perceived to be masculine territory®.
Terminology used routinely to
describe the state of programs, such
as ‘abort’, and ‘crash’, may be off-
putting to female novice users.

Women-into-computing
workshops

Over the last decade, several UK
universities, including QMW, have
organised campus-based workshops for
teenage girls, hoping to influence their
study choices at A-level and higher.

1 The schools participating are:
Central Foundation School, London;
Priory School, Sussex; Litcham,
Methwold, Rosemary Musker, and St
Clements schools, all in Norfolk

* Alist of Web sites specifically
targeting teenage girls and women is
given in the References section
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Workshop programmes have aimed to
engage participants’ interest through a
programme of girl-friendly activities,
and to boost their self-confidence when
interacting with computers.

The limitations of the workshop
approach are:

® Frequency and duration: Work-
shops tend to be annual events,
lasting only a few days at most;
enthusiasm engendered at the
workshop may quickly dissipate.

® Context: Campus-based workshops
may be perceived by girls as
‘outings’, and unrelated to their
normal, everyday activities at
school.

® Engegement with technology:
Workshop programmes normally
include speakers, introductions to
the university, and discussions,
limiting time for actual engage-
ment with technology.

® Teacher involvement: School staff,
who are in the best position to
motivate young women in schools
on a daily basis, may not be aware
of WiC issues and the aims of a
workshop.

The workshops at QMW employed
questionnaires, completed at the start
and end of each event, to measure
attitudinal changes. Data collected in
these circumstances tends to be
subjective in nature and difficult to
validate. Most seriously, there is no
opportunity to assess the persistence
of attitude changes and impact on the
number of women entering computing
courses at HE level.

The limitations of the workshop
approach, the resources required to
organise them, and the lack of
tangible results!, have led to new
initiatives taking a different approach.

Recent initiatives

In the US, the National Science
Foundation's Partnership for Advanced
Computational Infrastructure (PACI)
programme is making efforts to

incorporate women and minorities
into the high-performance computing
community®. Several projects are
ongoing, working with female and
minority students at all levels. A
particular theme of these projects is
persistence; that is, providing support
for women’s progress from one level
of education to the next.

Attempts to counter the perceived
masculinity of cyberspace can be seen
in World Wide Web sites such as Purple
Moon, Cybergirl, Girls Clubhouse, and
GIRL Tech*. These initiatives can
benefit women who have already
acquired the skills and self-confidence
to explore the Internet. They do not
address, however, the problem of
engagement, or how to involve women
proactively in the future development
of the world of technology.

A New Solution: Virtual
Clubs

The Virtual Clubs project takes a
different approach, based on exploit-
ing the benefits of multimedia
conferencing. Multimedia potentially
offers many advantages as a replace-
ment for campus-based workshops,
both in terms of persistent support
and in the appeal to young people of
interacting in multimedia environ-
ments. Project objectives are:

@ to increase young women’s
interest in and engagement with
technology;

@ to change their perception of
computers and their users;

® to provide a persistent, multime-
dia environment and support from
a remote expert, to enable young
women to acquire a range of
computer-related skills;

@® to change participants’ perception
of their own computer-related
abilities; and

@ to provide subjective and objective
measurements of changes occur-
ring in young women’s attitudes.

British Telecommunications Engineering, Vol. 17, Jan. 1999



An important element of the
project is to develop a plan to enable
these objectives to be carried forward
after the end of the funding period.
This is discussed later in this article.

The virtual club concept

The concept of a ‘virtual club’ is being
used to present desktop video-
communication to teenage girls at
school. This novel metaphor is meant
to convey a more casual style of
interaction than videoconferencing. It
encapsulates the notion of an
informal environment in which
activities designed to reflect mem-
bers’ interests are organised, led by a
club leader or facilitator. In the
physical world, local clubs include
programmes of events, cooperative
development of skills, and talks from
invited guests. The school club is a
well-established component of the
educational system in the UK, and
provides a useful basis for students’
participation in the project.

A virtual club links members in
distributed sites, but the goal is to
provide a computer-supported
environment with features similar to
a real-world club. The project’s
virtual club for young women is
known to them as the Video-Club,
and is an extension of each school’s
local computer club. The Video-Club’s
approach incorporates several key
features:

® As video-conferencing takes place
in the context of an informal school
club, not the class-room, participa-
tion has a social dimension.

@ Students participate in scheduled
weekly sessions during which they
have access to a club facilitator
over a desktop videoconferencing
system, and utilise shared
applications to review progress
and discuss new ideas.

@ Students are encouraged to
progress their ideas between
scheduled sessions. To this end,
details of activities undertaken
during the scheduled sessions are

recorded in the Video Club’s Web
sitet so that students can have
easy access to the information and
resources they need at any time.

@ Students are encouraged to take
increasing responsibility for the
coordination of a Web design-
related project and share ideas with
other members. In this way the club
will self-perpetuate in schools well
beyond the funded 18-month period.

An important aspect of Video-
Clubs is that participation is regular
and ongoing. Weekly sessions with
the club facilitator enable students to
demonstrate their designs, discuss
their ideas, request demonstration of
new techniques, or ask for help with
any difficulties encountered since the
previous session.

Multimedia conferencing
support

Internet-based chat rooms and e-mail
are popular with club members, but
visual communication has proved to
be essential for the purposes of the
project. Currently, videoconferencing
is enabled by a commercial desktop
package over a 128 kbit/s ISDN
connection. During conferencing,
Windows-based applications can be
shared using collaboration software.

The videoconferencing product
currently in use is adequate for point-
to-point connections, but multipoint
conferencing over ISDN has not been
used, for several reasons. The rela-
tively high cost of conferencing via a
multipoint control unit has been one
factor. More significantly, fixed-format
multiplexed images are not useful for
realising the concept of a socially-
oriented virtual club. A more flexible
way of organising video windows, and
support for multiple group activities,
would provide a more appropriate
environment.

An alternative solution would be
to use Internet-based video applica-
tions supporting group conferencing.
Internet tools, however, are not yet
able to deliver the quality of service
required for this specific application,

British Telecommunications Engineering, Vol. 17, Jan. 1999

where high-quality audio is essential
in parallel with shared applications
and video.

Development of an advanced
group video application

The concept of a virtual club, where
one or more groups of users are
engaged in informal conversations
and shared activities, has motivated
a new research project called
Socielspeces* ". Advanced video
encoders, supporting transmission of
up to 32 simultaneous video chan-
nels, are providing an infrastructure
for an experimental virtual club in
which multiple groups of users
communicate in real time. A proto-
type application based on the virtual
club metaphor is being developed,
and will be evaluated using the
Video-Club students.

Video-Club Activities

Each scheduled session typically
involves a link between one school
and a facilitator at QMW. The
students use shared applications
such as Web editors, browsers and
graphics applications to demonstrate
progress made since the previous
session. This enables students to gain
confidence from starting the session
at their own level of understanding of
their current situation. It also
requires them to become familiar
with the various controls available in
the videoconferencing system, such
as enabling application sharing.

At this point the facilitator can
help with any difficulties encountered,
and students can allow the facilitator
to take control of their document to
demonstrate a technique. Once any
difficulties are resolved, the students
and facilitator can interact on the
shared whiteboard to brainstorm
ideas for further development. For

T The Video-Club’s home Web
page can be found at: http:/
www.des.gqmw.ac.uk/~ves

* Socialspaces is a collaboration
between QMW and Bell Labs Lucent
Technologies
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Figure 1—A typical club video-
conferencing session

example, students may ask how they
can achieve a particular effect seen on
other Web pages, such as animation.
These requests can often be responded
to immediately or scheduled for the
next session. A typical session is
shown in Figure 1.

Each student is initially encouraged
to develop her personal Web page and
experiment with design ideas for it.
More recently, the girls in each school
club have progressed to more substan-
tial Web development projects of their
choice. Projects now underway include
designing an on-line gallery, Web-based
school magazines and providing a
topic-based guide to the Web tailored to
the needs of examination subjects in
their own schools.

As particular groups within one
school may become involved in a
project similar to that undertaken in
another school, the need to collaborate
has led to schools arranging confer-
ences directly with each other. Such
collaboration is positively encouraged,
and over time is intended to become
the primary form of club conference,
with less need for scheduled sessions
with the facilitator, although interest
and support will nevertheless still be
present.

The first generation of club
members within each school is now
beginning to pass on the benefits of
their experience to a new generation.
The Video-Club is starting to extend
o a network of girls who are using
technology confidently for communi-
cation and self-expression.

Results of the Project to
Date

f

Approximately 50 girls are involved
in the project across the six schools.
Numbers vary from school to school.
Most of the students are currently in
Year 11 (aged 15-16), but there are
also a number in Year 10 (aged 14--
15). Since September 1998, a Year 12
group (aged 16-17) has also joined
the project in one of the schools.

An important by-product of the
project has been the opportunity for
IT staff in the various schools also to
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develop new skills, learn from QMW
how to configure their systems, and
generally receive a level of support
which might otherwise be lacking.
The support of committed IT teach-
ers in each school has proved to be
crucial in getting the project going
and maintaining momentum. Each
school has its own approach to
providing access to IT facilities in
lesson time and at lunchtime or after
school. Such practice is likely to
impact on the time students have to
experiment with technology and
consequently may influence their
wider perceptions of computing.

Measuring changes in womens’
attitudes to computing

The impact of the project is being
measured by attitude surveys, which
will provide subjective data over a
period of time. For various technical
reasons, some schools joined the
Video-Club later than others. All
participants completed a question-
naire designed to measure their
attitudes to computing before their
first videoconferencing session. The
attitudes of a control group without
exposure to the clubs were also
measured. A second survey is carried
out nine months after each school has
joined the club and a final question-
naire will be completed at the end of
the project.

The results of the first attitudinal
survey reveal that there are substan-
tial differences between each of the
schools in terms of prior experience
in using technology and, in particu-
lar, accessing the Internet. In one

school for example, no one had ever
used the Internet (in school or
elsewhere), yet, in another, many
students had Internet access at home
and communicated regularly with
‘on-line friends’ using instant
messaging services such as ICQ, as
well as e-mail and chat.

Throughout the course of the
project, a range of such factors has
emerged which may play a crucial
role in forming students’ attitudes
towards computing:

® Single-sex schools: One school is
attended only by girls, which
means that students have no
‘competition’ with boys for access
to equipment or attention.

® Sixth-form presence: The existence
of A-Level or GNVQ courses in IT
or computing within the student’s
own school presents a natural
transition from compulsory to
further education, particularly
when a teacher familiar to the
students is known to be teaching
the course.

® Awareness of staff: Sensitivity to
gender issues in computing can
play a crucial role in students’
perception of the subject but
cannot be systematically observed
or controlled. Perhaps even the
gender of IT teachers and techni-
cians may have some impact on
student’s perceptions.

® Students’ over-commitment: High
expectations of students and their
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parents for participation in extra-
curricular activities has led to
some students becoming over-
committed in their membership of
school clubs. In consequence, these
students have no time to progress
ideas between scheduled Video-
Club sessions.

® Student ability: In mixed-ability
groups, some students may find
club activities either too demand-
ing or too trivial, impacting their
engagement with the technology
and their ability to interact with it.

® Access to equipment: Availability
of technology affects opportunities
for students to engage in club-
related activities between sched-
uled sessions.

While each of these factors may
impact on the findings of the
attitudinal survey they are difficult to
isolate or control, particularly as each
of the factors manifest themselves in
different permutations, variations and
extents in each of the six schools.
Consequently with such a small
sample, it is not feasible to account for
these in any objective, measurable way.
These issues are nevertheless worthy
of note and further exploration.

Data analysis

Initial analysis of the results from two
schools (12 subjects) who have com-
pleted the second survey indicates that
the activities and opportunities offered
through club membership have been
attractive to students. Averaging
across the two schools, members agree
that using the Internet is exciting
(80%), designing Web pages is fun
(88%) and videoconferencing is
enjoyable (81%). As a consequence, the
number of students who have made
use of the Internet several times a
week has risen from an average of 8%
of members prior to joining the club to
an average of 74%.

Over the first nine months of the
project, there was an increase in
student’s perceptions of their own
ability to interact with technology. At

one school for example, 82% of mem-
bers at the outset were unsure of their
ability to undertake further studies in
computer science. Now 75% believe
they have the capability to do so.

This perceived increase in ability
had been accompanied by a change in
attitude towards further studies in
computing beyond GCSE. For
example, at the start of the project
only 6% of members in one school
expressed an interest in further
study but, after 9 months, 38% were
interested in studying computing
after leaving school and 88% were
interested in studying IT at A-Level.
(This compares with interest in study
at A-Level in English, 63%; Maths,
38%; Media Studies, 50%.)

These results are encouraging.
Results from the four other project
schools will further inform our
statistical enquiry, and the findings
of the third survey at the end of the
project will provide a longer-term
view of attitudinal change, including
comparison with a control study.

The impact of the project on
women’s entry to computing courses
will be measured by monitoring the
participants’ choices of study at
further education (FE) and higher
education (HE) at the appropriate
time.

Case Studies
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The following case studies illustrate
how membership of virtual clubs is
raising young women’s awareness of
the relevance of technology to their
personal goals and ambitions.

Nasima Begum (Year 12) is a keen
artist and aims to display her work
in a public gallery. She had rarely
used the Internet prior to joining the
video club. However, she has now
started to develop
an on-line gallery
with a classmate.
They seek video-
mediated assist-
ance from the club
facilitator when-
ever needed.
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Nasima is impressed by the fact that
she is using technology she had
previously only heard about on
television.

The high quality of her scanned
images and the ease of manipulation
have impressed her. The skills she
has acquired in Web page creation
have given her the confidence to
consider pursuing her artistic talents
in the realms of Web design.

Violet (Year 12) has
always enjoyed using
her family’s PC at
home but had never
. used the Internet
before. She has
developed a strong
interest in computing and is deter-
mined to learn more about graphics,
appearance and advanced Web page
design. She is keen to pass on her new
skills to other young women.

Lucy (14, Year
10) is excited about
their new Video-
Club project, which
is investigating on-
. line shopping. Since
joining the club, she
accesses the Internet regularly, and
understands more clearly what it has
to offer. Lucy has become familiar
with the use of videoconferencing,
and control of the software.

7

-

The case studies above are typical
examples of the enthusiastic young
women taking part in the scheme.

Benefits of Multimedia

multimedia conferencing to link
schools to university sites for video-
clubs are as follows:

® the overhead of organising
workshops and girls’ travel is

avoided,

® regular, weekly contact is easily
achieved;
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@® use of software tools can be
demonstrated during conferencing;

® the sessions are student-focused,
giving them some sense of control
and ownership over the technol-
ogy and the media; and

® visual communication adds a new
dimension to girls’ interaction
with technology.

Using multimedia presents
technology in a new light to students
whose experience of computing has
been limited mainly to utilitarian
needs such as word-processing. This
re-presentation of computers as tools
for communicating with others is an
essential element of the project.
Computing is no longer a private
activity, but a means of interacting
with the world beyond the school
environment. Access to the Internet
and construction of personal Web
pages extends that interaction
through the creation and sharing of
information with others.

Typically, a cluster of girls share a
single video-enabled PC. Grouping
two or more girls informally round a
machine in this way seems to help
create the feeling of a club. This
practice is also in line with a 1996
study by the University of British
Columbia which found that girls tend
to work better in clusters when
interacting with technology®. In line
also with educational psychology, it
satisfies ‘the need for learners to
participate within rich communities
of understanding, and to partake of
the collaborative experience of
learning”®.

Visual communication is particu-
larly useful when several students
share a terminal, as everyone can be
seen even if only one person may
speak at a time. Group participation
eases camera shyness, and aids the
introduction of new people to the club.

Arguably, the cost of resourcing
the project—in terms of desktop
videoconferencing software/hard-
ware, ISDN connections and the
facilitator’s time—may be considered
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too high for wide applicability.
However, recent moves to improve
technological support in schools
combined with decreasing costs will
make the approach feasible on a
larger scale in the near future.

New Initiatives Associated
with the Video-Clubs Project

In addition to the Socialspaces
project mentioned earlier, a new
project at Sussex, the Emmanate
projectt will use girls from Priory
School as focus groups.

Priory School is extending its work
with the Internet, and is participating
in the EU-funded Interreg Project. The
aim of Interreg is to develop an
integrated Web-based framework for
distance learning. It will enable
students to effectively develop, share
and utilise curriculum and cultural
information and resources, working
both independently and collaboratively.
The project incorporates approximately
10 schools from each of the three
partner regions: East Sussex, The
Somme and Seine Maritime (the latter
two are in France). Each site will have
networked Internet access (128 kbit/s
ISDN or leased line) and its own Web
server.

Priory School has also been
awarded Beacon School status and is
now providing Internet access to a
cluster of local primary schools. This
includes extensive staff training,
technical support, and access to
curriculum resources.

It is too soon yet to draw firm conclu-
sions concerning the long-term impact
of Video-Clubs on women’s participa-
tion in computing. The results of the
attitude surveys discussed in the
previous section, levels of participa-
tion in weekly club sessions, and the
personal achievements of individual

1 Emmanate is an EPSRC-funded
project with University College
London and BT to investigate mental
models for networked applications

club members, are, however, encourag-
ing. Further surveys will be con-
ducted, and the study choices made by
the young women participating in the
project when they attain FE and HE
level will be monitored and compared
with a control group.

To enable the approach being
pioneering to continue after the end
of the project, an interactive resource
centre is being created to support
students’ self-development. This will
integrate software, useful Web links
and techniques, and enable students
to request assistance in new areas.
The resource centre will enable
schools to collaborate on projects,
control their own progress, and
generally empower their interaction
with technology.

Finally, the fact that schools have
been involved in the project and have
been provided with new equipment,
opportunities and staff development
is already having a wider impact
than was foreseen at the start of the
work. The system has been demon-
strated to great effect at parents’
evenings and to official visitors,
enhancing the way the schools are
perceived. The increased self-
confidence of staff in their IT-related
abilities appears also to be raising
the status of technology within each
school. This in turn, will impact
students and reinforce the goal of
engaging more women in cbmputing.
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Hans-Ulrich Schoen and Stephan Scholz

Convergence Between Public
Switching and the Internet

The Internet’s exponential
growth has a serious im-
pact on established public
switched networks with
respect to user services,
network performance and
operators revenue. A solu-
tion to this conflict
designed to protect the
telecommunications opera-
tor’s and service provider’s
tremendous investment in
the existing network infra-
structure is offered. An
integrated Internet services
architecture is proposed by
Siemens that evolves the
central office into the key
network element of the
seamless converged multi-
media network of

tomorrow.

This is a Siemens’ view of how they
would move into the new IP world,

but a number of other manufactur-

ers are working on the problem and
have different solutions.
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Introduction

Internet—a challenge for the
PSTN/ISDN

Today’s public switched telephone
network (PSTN)/integrated digital
services network (ISDN) is the
largest telecommunication network
worldwide, interconnecting about
one-sixth of the world population in
the year 2000. The PSTN/ISDN
represents an immense investment in
infrastructure and carries all channel
switched public traffic and substan-
tial corporate voice and data traffic.
With its nonstop processing network
nodes it provides seamless intelligent
services spanning the globe with
extreme reliability and grade of
service.

In the past years the Internet has
developed to become ‘the’ global
information network, attracting an
exponentially growing community of
Internet/on-line users worldwide by
its wide variety of multimedia
applications. Though still in its
infancy with regard to reliability
and guaranteed grade of service, the
Internet is highly accepted as an
information platform by end users
and information content providers
alike. The high investments being
made in the Internet by the compu-
ter industry, network carriers and
service providers may ensure that
the Internet will meet the expecta-
tions for continued exponential
growth predicted by analysts and
the boosted performance claimed by
the Internet industry.

Even today the Internet has
serious impact on the established
public switched network with
respect to user services, network
performance and PSTN/ISDN
operators’ revenue. This impact will

become more pronounced in the
future as the Internet matures to
provide services with guaranteed
grade of service; for example, voice
and video over IP. This may eventu-
ally turn the Internet into an
alternative carrier network, chal-
lenging today’s PSTN/ISDN opera-
tor’s business by diverting
substantial high-revenue traffic
away from the PSTN.

Clearly this conflict has to be
resolved such that the tremendous
investments made by the telecommu-
nications operators and service
providers in the existing network
infrastructure are protected. In
consequence, the solutions which
make a seamless migration to the
network of tomorrow possible and
best fit the telecommunication
market’s requirements will evolve the
present telecommunications network
infrastructure. This future network
will provide services moving towards
a true convergence by integrating the
‘classical’ network types (for example,
PSTN/ISDN and public land mobile
network (PLMN)) with the Internet.
So it will be possible to benefit from
the merits and innovations of both
types of today’s separated networks.

This article shows that by
innovation with leading-edge
technology the present telecommuni-
cation network elements can build
the solid basis for a seamless
converged multimedia network of
tomorrow.

Internet access from the
PSTN/ISDN—issues and risks
The PSTN/ISDN is the major access to
the Internet. The vast majority (90%)
of the Internet end users gain access to
the Internet from their PSTN/ ISDN
subscriber lines, using either analogue
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Figure 1—Network structure today
and tomorrow

modems or ISDN cards to set up data
calls. Internet services providers
connect their modem pools to PSTN/
ISDN subscriber lines.

The channel switched call setup
in the PSTN/ISDN is not adequate
to handle the resulting packet data
traffic over IP. In consequence high
penetrations of Internet accessing
lines result in serious degradation of
the PSTN/ISDN network perform-
ance and substantial loss of PSTN/
ISDN operator revenue:

® network performance degrada-
tion, due to:

—long holding times of subscrib-
ers logged into the Internet
(average 20 minutes compared to
3 minutes for normal calls)
devalue the classical rules for
network dimensioning;

—blocked subscribers due to
jammed concentration stages of
central offices (COs); and

—uneconomic use of 64 kbit/s
channels to transport bursty IP
traffic.

® loss of PSTN/ISDN revenue, due
to:

—long holding times at flat rate;

—lost calls to Internet-busy
subscribers;

—local calls push away profitable
long distance and international
calls;

—market demand for reduced
tariffs for access to on-line
services where there is no flat
rate for local calls, because
PSTN/ISDN does not add value;

—migration of PSTN/ISDN
services into the Internet; for
example, fax replaced by e-mail
and telephony potentially re-
placed by low-quality speech by
voice over IP; and

TELEPHONY

—supplementary services
provided by the central office are
challenged by services from the
intelligent terminal through to
computer telephony integration
(CTD).

Internet access from PSTN/
ISDN—two possible
strategies

For the PSTN/ISDN operators there
are two basic strategies to counteract
these risks for their network and their
business; either divert the Internet
traffic away into a data network
before it hits the PSTN/ISDN central
office (CO) by using external xDSL
devices; or control the Internet traffic
(narrowband and, in the future,
broadband) in the CO as part of the
PSTN/ISDN traffic in an optimised
way. Clearly the first option runs the
risk of either installing an own IP
overlay network with all consequences
(for example, new infrastructure)
separate operations and maintenance
ete. or hand-over direct control of the
subscriber line to an Internet access
provider (for example, a cable network
operator). As the Internet (potentially)
develops into a full-service network,
this may imply the complete loss of
the subscriber, except possibly for low
revenue POTS service.

The second option, besides
ensuring direct control of the
subscriber line, enables the PSTN/
ISDN operators to reuse and to
leverage their installed infrastruc-
ture for offering on-line services. The
PSTN/ISDN operators thus have the
opportunity to become Internet
service providers (telecommunica-
tions company ISPs) to save and
extend their existing customer base
and gain revenue from subscriber
services that utilise Internet
technology. The technical realisation
of the second option is now described
in more detail.
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Integrated Architecture—
Overview

A quick look at the network struc-
tures currently in service, shows
parallels between telephony and
Internet networks that call for a
convergence as shown in Figure 1:

@ physically, the access line for both
services (telephony and Internet)
is the classic copper telephone line
ending with a line module in the
local exchange (LE);

@ logically the line ends up in a
computer—LE for telephony and
PoP for Internet, respectively. The
computer interprets the callers
destination wish (E.164 number
or IP-address);

@® both networks are hierarchically
structured (according to similar
hierarchical address schemes),
thus both major backbone
elements (the transit exchanges
(TE) and routers) fulfil, function-
ally, the same tasks;

@® both networks use the same
mechanism (Sonet/synchronous
digital hierarchy (SDH) and—if
supplied —asynchronous transfer
mode (ATM)) in order to trans-
port bundled information over
long distances.

Figure 2 gives an overview of a
technical proposal how to integrate
Internet technology in the EWSD
Siemens’ CO. The different steps are
explained in the next sections.

Integrated Point of
Presence—A Platform for
New Services

The interworking between the EWSD
CO and direct connected or remote
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Figure 3 —Call control and IP interworking

dial-in subscribers (characterised by
their IP addresses) is based on the
integration of the point-of-presence
(PoP) in the EWSD. The main task of
the PoP is to terminate the modem
protocol (for example, point-to-point
protocol (PPP)) of the analogue or
ISDN subscriber, who is communicat-
ing via IP with an Internet access
point. In addition to classic Internet
PoPs, a call-processing application
is included that is able to send and
receive IP packets from the internal
router. On the other hand this
application communicates with an
EWSD Internet call-processing
application via an internal commu-
nication protocol as shown in
Figure 3.

For the communication between
the CO and the Internet sub-
scriber, the IP address of the
subscriber is stored within the CO,
referenced to the E.164 number of
the same subscriber. When a
message to the subscriber has to be
sent, it is transported via an
internal communication channel,
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translated into an IP packet and
routed to the IP address of the
appropriate subscriber (using the
IP/PPP stack). The same transport
mechanism is used in reverse, to
send information from an Internet
source to the CO.

As shown in Figure 4, the archi-
tecture of the integrated PoP is
chosen to be as open as possible, so
that PoPs already in the field can be
easily integrated—as far as the
respective steering software is
modified. Those modifications are
already installed and running on the
total control hub from 3Com and are
planned to be realized on the
Netblaser 8500 from ITK.

The benefits of integrating the
Internet PoP into the CO are:

@® physical integration of PoP
facilitates network management
through CO operations, adminis-
tration and maintenance;

@ bottlenecks are resolved on the
network and at ISP-access level;

INTEGRATED POINT OF PRESENCE
MODEM-POOL E1/T1 CARD SYNCHRONOUS/
CARD % @ GIGET SYMMETRIC
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INTERNET USER
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Figure 4— HW-Architecture of the
Integrated PoP

® the modem pool can be integrated
into the remote concentrator
(based on the remote switching
unit concept);

@ the offering of voice over Internetis
facilitated (see next section);

—telephone-to-telephone: voice
compression and low-cost tele-
phony,

—PC-to-phone: voice-enabled
Internet session, and

—telephone-to-PC: call comple-
tion to a subscriber who is busy
with an Internet dial-up ses-
sion.

® the PSTN/ISDN operator can
provide new subscriber features
based on Internet technology (see
next section):

—SCI via webpages,

—supplementary services for
Internetcalls (CWIB/CCIB), and

—the PSTN/ISDN operator can offer
[SP-based features supporting
Internet access.

Central Office and PoP—A
Converged Platform for
New Services

The integration of the PoP in the CO
allows new services leveraging the
close interaction of both technologies
to be provided. Here the first set of
services that has already been
realised is described:

® Call waiting Internet busy
(CWIB)/call completion Internet
busy (CCIB)—the subscriber is
informed during an Internet
session that a call is waiting. This
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means the subscriber remains
accessible even while surfing the
Internet. If a call comes in while
the subscriber is in an IP session a
message pops up on his/her screen.
The call can be accepted on the
telephone in the case of CWIB. If
the PC runs a VoIP client software
(for example, NetMeeting and
WebPhone) the call can be accepted
directly on the PC via VoIP H.323
call set-up during the IP session.
With CWIB the user remains
accessible while surfing the WWW.
For the operator the call comple-
tion rate increases.

® E-mail waiting indication
(EWI)—the always-on feature
EWI informs an analogue or
ISDN user immediately—even if
no Internet session is active—
that an Internet mail message
has been received by his/her
e-mailbox. This indication is
delivered to the subscriber’s
telephone line either by a stutter
dial tone, an announcement or by
display information if supported
by the terminal equipment in
compliance with ETSI message
waiting indication (MWI) for
classic telephony. The display
indication may include valuable
additional information like the
number of messages received,
originator identity, subject and
time stamp.

® Subscriber control via Internet
(ISCI)—allows a subscriber to
control the services assigned to
his/her telephone line by using
the Web browser. The service
provides a graphical PC-based
user interface for telephone
feature management. This user-
friendly handling of telephone
features without specialised and

DIU  DIGITAL INTERFACE UNIT

NT  NETWORK TERMINATION

SDSL SYMMETRIC DIGITAL SUBSCRIBER LINE
UDSL UNIVERSAL ADSL

expensive equipment is an
obvious advantage for the
subscriber. For the operator, the
advantage is twofold: the ISCI
feature itself can be marketed in
the same way as other telephone
services. Moreover, major opera-
tor benefit arises from the fact
that ISCI significantly promotes
existing analogue and ISDN
telephone features. In particular,
subscriber services which include
control of telephone numbers (call
forwarding, call screening, hot
line etc.) achieve significantly
higher penetrations, and higher
feature revenues.

® Improved Voice over Internet

(IVoIP)—1IVoIP is a service that
significantly enhances the
capacities of a standard Internet
telephone solution for calls
originating from a regular
telephone!. The EWSD InterNode
fully integrates Internet tele-
phony into the local or carrier
gateway exchange to provide a
truly low-cost alternative for the
subscriber. Using the IVoIP
service the subscriber can use the
standard dialing procedure for
VoIP calls, the subscriber does
not have to provide authentica-
tion. Advice-of-charge or meter
pulse information for VoIP-calls
will be received and the billing
will not start before the receiving
party answers the call. VoIP calls
appear on the regular monthly
bill since IVoIP charging records
are registered through EWSD in
the same way as standard calls.
Internet telephony is a good
opportunity for classical opera-
tors to compete with alternative
ISPs for new revenues. It pro-
vides a low-cost alternative to
classic telephony, which increases
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Figure 5—IP-router based on the
maultiservice platform used also for
CCS7-handling and ATM-switching

the number of long distance calls
significantly. To make such a
paradigm work, it is necessary to
supply the service in a highly
accessible fashion, which is
exactly what is offered by IVoIP.
In addition to increased user
acceptance, the IVoIP service
reduces operational costs because
of full integration into existing
traffic measurement and billing
processes.

Integrated High-Bitrate
Linecards—Access to the
Information Highway

The subscriber demand for fast
Internet access will promote the
xDSL technology as a big opportu-
nity to open millions of kilometres of
installed copper wire for new
services and applications. Based on
this technology, the EWSD
InterNode offers two new subscriber
line modules: a universal asymmet-
ric digital subscriber line (UDSL)
module as a migration path for
POTS and a symmetric digital
subscriber line (SDSL) module as
the migration path for ISDN
technology.

Both modules are fully compat-
ible with classic analogue (sub-
scriber line module analogue
(SLMA)) and ISDN line modules
(subscriber line module digital
(SLMD)) from the hardware and
maintenance point of view. All
subscriber line modules (SLMA,
SLMD, SDSL and UDSL) fit into
existing concentration units
(DLUs) (see Figure 5) and are
interchangeable thanks to univer-
sal line card slots. Thus, a migra-
tion from analogue or ISDN users
to UDSL or SDSL is minimised in
terms of operational effort. For the
new modules the voice connection
to PSTN/ISDN is identical as for
the classic modules.

UDSL access:

The UDSL access provided by
EWSD InterNode is based on the
universal ADSL (UDSL) stand-
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Figure 6 —IP-router based on
maultiservice platform used also for

MULTISERVICE PLATFORM (MSP)

D IP-FORWARDER HANDLING
IP-ROTOCOLS

COMPONENTS FROM CLASSIC

CCS7-handling and ATM switching

ard—an industry standard pro-
moted by PC, telecommunications,
and network industry leaders with
the following features:

@® high performance:

1-5 Mbit/s @ 4 km loop length
downstream, 512 kbit/s upstream;
that is, 30 times faster than
today’s fastest modems;

parallel voice and data support:
analogue voice and data connec-
tions are supported simultane-
ously;

plug-and-play solution: the UDSL
compatible customer premises
equipment only has to be plugged
into the telephone jack—no
network termination (NT), no
splitter, no change in home
wiring is necessary;

end-to-end ATM support: the end-
to-end service architecture is
based on the PPP over ATM
architecture. This allows services
like high-speed Internet access,
secured telecommuting or broad-
band content distribution;

high integration: due to its highly
reduced power consumption comp-
ared with full-rate ADSL a high
port integration can be achieved:
eight ports per module; and

compatible CPE available: leading
PC firms will provide UDSL PCs
and modems and a simplified
software setup of UDSL will be
included in future versions of
Microsoft Windows ™.

IP-ROUTER
IP-ROUTER
ATM-
FABRIC

MAIN PROCESSOR
MAIN PROCESSOR

MAIN PROCESSOR

LINE INTERFACE CARD |—— p oveR
ATM
LINE INTERFACE CARD [——— rpame ——

LINE INTERFACE CARD J—{— "E-AY

EWSD POWERNODE

® 1 x 64 kbit/s support: the user

can decide, depending on the
application, to use the addi-
tional six B-channels (or parts
of them) either circuit switched
for high-quality service like
videoconferencing or packed
oriented (for example, for data
transfer). In the first case all
required B-channels are circuit-
switched through the switching
network (SN), in order to
guarantee the quality of the
connection;

performance: full symmetrical
512 kbit/s circuit-switched or
packet-switched application
dependent;

cost-effective and reliable technol-
ogy: The reuse of major parts

of well proven ISDN technology
allows extremely cost-effective
provisioning of SDSL and
guarantees high reliability from
the beginning;

high integration: the low power
consumption allows the SDSL,
high port integration; that is
eight ports per module; and

NT and CPE available: The
SDSL-NT as evolution of the
ISDN-NT is provided with an
Ethernet 10BT interface with
normal POTS. Or an ISDN
version with an S interface; that
is all CPEs can be retained. The
same NT can be remotely

the multiservice platform (MSP) as
shown in Figure 6. The MSP is a
central part of the EWSD Innova-
tions architecture. It controls the
high-speed CCS7-handling in the
EWSD PowerNode and the ATM
switching in the EWSD Broadband
Node. The reuse of this MSP has the
following advantages:

@ cost-effective provisioning of IP
switching in terms of first
investment—only a few addi-
tional modules—scalable accord-
ing to the needs;

® cost-effective provisioning of IP
routing in terms of life cycle
costs—one operations, applica-
tions and maintenance for
different applications;

® the rigorous requirements for a
carrier class design are auto-
matically fulfilled—a must for
CCS7 and ATM-switching; and

® perfect interworking with fast
growing broadband traffic is
inherently included—a key
requirement for a future-proof
architecture.

Features

With the integrated router EWSD
offers—cost-effectively—the IP
routing and forwarding functional-
ity, with a wide range of powerful
and distinctive possibilities:

® Performance—the IP switching is

SDSL Access

The SDSL module provides six
B-channels in addition to the
standard 2B+D channels of an
ISDN-BA (basic access), which can
be utilised application dependent,
circuit switched or packet oriented:

@ full ISDN-BA support: all stand-
ard ISDN features are still fully
available;
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configured as either POTS or
ISDN NT.

Integrated Router—Cost
Effective Concentration of

Architecture
The IP routing and forwarding is
realised on a module plugged into

performed by a module directly
connected with an ATM switching
fabric featuring a strictly non-
blocking throughput beyond

30 Gbit/s scalable in steps of

600 Mbit/s.

Bandwidth —the integration into
a multigigabit ATM switching
architecture allows the support of
the full range of high-speed
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interfaces, PDH/SDH/SONET
and the ATM family from T1/E1
(1-5 Mbit/s) up to OC-12/STM-4
(622 Mbit/s).

® Carrier class design—the integra-
tion of the router functions in the
general switching architecture
guarantees the reliability,
availability and serviceability
features required for mission-
critical networks.

CCS7 Gatewa

o =PE s e ]
Minimised life cycle and operations
costs are the key drivers of the
consolidation of fully digitalised
networks. In response to this
requirement, the EWSD CO is being
evolved into a distributed network of
functionally specialised units: a
centralised coordination platform
providing a single point for adminis-
tration, operation and maintenance
and distributed remote switching
units (RSU) that provide the full set
of subscriber and network interfaces
wherever connectivity is required.

This distributed switching
platform provides the powerful
basis that smoothly integrates the
IP remote access points, VoIP
gateways and wideband subscriber
interfaces according to the
InterNode concept as shown in
Figure 7.

As a result of this combination of
distributed IP and CCS7 switching,
the coordination platform hosts the
CCS7-signalling gateway and H.323
gatekeeper functions as specified by
ETSI TIPHON, while the RSU with
integrated PoP functionality imple-
ments all functions of an H.323
media gateway. With this approach
the EWSD InterNode turns into a
full featured distributed CCS7/IP
gateway fully reusing the complete
range of SS7 signalling protocols

TRUNK | EWSD HOST iR
NETWORK | NETWORK
| AND

|
H.323 GATEKEEPER i

| CCSTSIGNALLNG .
| cAEwn

\l
{ EWSDRSU
| H.323 GATEWAY |

(ISUP, TUP, SCCP, TCAP...) of the
EWSD switch.

Conclusion
| E—— - ey A =T

In this article an integrated Internet
services platform has been presented
that twrns the EWSD switching
system into an EWSD InterNode, the
optimised gateway between PSTN/
ISDN and the Internet. The key
component is an Internet PoP con-
structed from cutting-edge IP technol-
ogy that integrates smoothly into the
EWSD InterNode and allows for
interworking between PSTN/ISDN
call processing and Internet services.

Through the presented concept,
the EWSD switch of today evolves
into an optimised Internet access
point that fully supports the telecom-
munication operators’ strategy to
reuse their investment in the PSTN/
ISDN infrastructure as they position
themselves to become ISPs: the
EWSD InterNode with integrated
Internet service platform optimises
PSTN/ISDN network performance by
grooming Internet traffic and creates
the basis for new subscriber services
based on Internet technology.

The approach enables evolutionary
extensions for broadband subscriber
access starting from the installed
narrowband infrastructure in the
PSTN/ISDN —as user demand for
Internet services balances telecommu-
nications companies’ investments.
This way, the EWSD InterNode
contributes to a convergence between
PSTN/ISDN and the Internet towards
a seamless multimedia network of the
future.
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Figure 7—EWSD InterNode
configured as CCS7/IP gateway
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Peter Cochrane, Head of
Advanced Applications and
Technologies, at BT Laboratories,
Martlesham Heath, continues his
regular column in the Journal. In
this issue Peter discusses the
changes brought about by the
24-hour society.

24-Hour Society

1

One Saturday morning in November
1998 found me at my screen in a hotel
in Tempe, Arizona. Down the line
came a request from a publisher for
me to write a foreword for a new book
on the 24-hour society. I read the
contents, on and off that day, evening,
and the next day on a flight to Los
Angeles—all on my laptop. By mid-
afternoon on the next day—a Sun-
day—I was sat beside a swimming
pool at a hotel in Santa Monica,
California, along with a bottle of
Evian Spring water from France, the
Sunday Times from England, and a
bag of biscuits from Belgium. Because
of my travel and work schedule I had
to satisfy the request that day—at
least to a good first draft standard.
Only five years ago this would have
been impossible. Today, for many, it is
now the norm. We have become both
customer and supplier, technomads on
a shrinking planet where there is no
escape, and we choose to work where
and when we wish. If there was a 21st
century bible of marketing and sales
the opening paragraph would un-
doubtedly start with:

‘Customers don’t want choice, they
want what they want, when and
where they want, and at a price and
quality they dictate.

And how different this is to the 20th
century version, which comes from a
more sedate industrial, technological,
and social era, and starts with:

‘Customers want choice, our
choice, supplied at a place and time of
our choosing, at a price and quality
we dictate.’

What is happening to promote
such rapid and radical change? In
short, there has been a transition
from a world dominated by atoms to
a world dominated by bits. If you live
in a village you have to do every-
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thing, there is little supplier and
customer choice, and the economy is
bounded. But if you live in a city, you
can afford to specialise, and you get a
vast supplier and customer choice
linked to a vast economy. Telecommu-
nications is transforming our world
into a global city with people and
intelligent things (machines, sensors,
actuators, photocopiers, food dispens-
ers and complete production plants)
communicating over networks of
optical fibre, copper, radio and
satellites. The bit economy is with us,
and with it comes increased competi-
tion, availability, and the disinter-
mediation of markets.

If you want to buy stamps, or
travel on a major trunk road and
need a coffee, at half-past three on a
Sunday morning, where do you go?
Not to the Post Office or a restau-
rant, but to the filling station. If you
want money at nine-thirty on a
Saturday night, where do you go?
Not to the bank, but to the cash
machine at the supermarket. You
want to order a book on a Wednesday
evening, where do you go? Not to a
bookshop, but on-line to http:/
www.amazon.com. Do you need the
hassle of organising travel insurance
for every trip? No! Just use you
Master Card or AMEX and it comes
with the ticket purchase. These are
just a few examples of disintermedi-
ated services in a 24-hour world. And
there is very much more to come.
People in the United States have
enjoyed 24-hour shopping for over a
decade, Europe is only just waking
up to the prospect, and characteristi-
cally it is the United Kingdom that is
leading the way. While Europe
worries about the information
society—how to limit working hours
and how to control bits—the Ameri-
cans are creating an information
economy that is free and unbounded.
This is where the future lies, and it is
why Europe will see its ‘lunch eaten’
by competition rising to the challenge
of 24-hour working.

At the time of writing BT has over
200 companies inside the group, and
over 60 joint ventures on the boil.
The vast majority of these are
outside the UK and its time zone. We

have become a global entity, a wired
and virtual corporation with vast
numbers of people working to
maintain and expand a 24-hour, 365-
day a year, spatially unlimited
business far beyond the shores and
thinking of Europe. For me as an
individual, it means I have to be able
to communicate and work from any
location and at any time to respond
to customers the instant they call.
For many of us it means working
unusual and unscheduled hours to
appear, in reality or virtually,
anywhere on the planet.

Now as customers what should we
expect? Pizza and coffee at 04.30 on
any day. New clothes and electronic
hardware purchases at 22.00 on a
Saturday night. Why not? IT is
creating a new two-class society:

Class 1—Those who spend a lot of
time trying to save money; and

Class 2—Those who spend a lot of
money trying to save time.

Stone Age man only worked an
estimated 15 hours a week. In this
new economy most of us will be
working 15 hours a day doing things
that are far less risky than hunting
for meat on the hoof, but sometimes,
equally stressful. We need a 24-hour
society to survive!

So, there I was still at the side of
the pool on a Sunday afternoon—
with my international press and
consumables—job done. It was four
o’clock and the pool was inviting, and
no doubt the authors were in bed.
But I still had time for a swim before
night shopping for computer hard-
ware, software, and a few items of
clothing, But, then again, I was in
California...
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Internet and Intranet
Security
by Rolf Oppliger

The Internet was created to help foster
communications among United States
government sponsored researchers.
Since then it has grown phenomenally,
and the benign environment in which
it once operated is now open to all the
dangers that one can find in society.
The author says the aim of this
book is to introduce and discuss
security techniques and mechanisms
that are available today to provide
Internet and intranet security.
Although tutorial in nature, it
requires some familiarity with
computer networks and cryptography.
Part 1 introduces us to the
fundamentals that are necessary to
understand the rest of the book. It
starts with a history of the Internet
from the advanced research projects
agency network (ARPANET) through
to the present day. The next chapter
covers the technical bodies, documen-
tation series, and the processes
related to Internet standards. Each
of the transport control protocol/
Internet protocol (TCP/IP) stack
layers are examined next, along with
IP version 4 and IP version 6 packet
formats, TCP header format, connec-
tion establishment using SYN and
ACK, sequence number attacks, and
SYN flooding attacks. One-way
hashing, secret-key and public-key
cryptography are covered next, along
with a reasonably detailed explana-
tion of the mathematics behind the
RSA (Rivest, Shamir and Adleman)
and Diffie-Hellman systems. Public
key infrastructures and certification
authorities are discussed, along with
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the widely used ITU-T X.509 format
for public key certificates.

Part 2, ‘Access Control’, addresses
firewall technology. Firewalls prevent
unwanted and unauthorised commu-
nications into and out of a protected
network. They also provide a good
place to collect information about
system and network use and misuse.
Firewall components such as packet
filters and application gateways are
studied in detail along with proxy
servers, SOCKS, and SYN flood
attack countermeasures. Different
Firewall configurations (dual homed,
screened host, and screened subnet)
are examined, and the pros and cons
of each discussed.

Part 3, ‘Communication Security’,
addresses TCP/IP security protocols.
The first chapter deals with the
Internet layer, extensively covering
IPSP (IP security protocol) and IKMP
(Internet key management protocol).
Moving on to transport layer proto-
cols, we examine SSH (secure shell),
the popular SSL (secure sockets
layer), and Microsoft’s PCT (private
communications technology). We
continue our journey up the TCP/IP
stack to the application layer. Here we
learn about security enhanced
applications such as privacy enhanced
mail, PGP (pretty good privacy),
S/MIME (secure/multipurpose
Internet mail extensions), and secure
HTTP (hypertext transport protocol).
The author concludes this part of the
book by debating in which layer of the
TCP/IP stack to implement security.
Placing security in lower layers
means that security can be imple-
mented transparently to users and
application programs, effectively
killing many birds with one stone.
Conversely it can attempt too many
things simultaneously, and only
application layer protocols (or above)
can actually meet application-specific
security requirements and provide
corresponding services. The author’s
view is that a combination of security
protocols, with each protocol selected
for what it is best at, will usually be
the best solution.

Part 4, ‘Discussion’, begins with a
chapter on Electronic Commerce.
Following sections are devoted to
electronic cash, electronic cheques,
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micropayments, and the secure
electronic transaction (SET) protocol
designed for credit card transactions.
Next we get a very brief description
of some of the security tools availa-
ble, such as security administrator
tool for analysing networks (SATAN),
Pingware, Internet Scanner, and
RealSecure.

I liked both the logical structure of
the book and the way new information
builds on previous chapters. The text
is clear and concise, which helps when
explaining some of the more complex
concepts. However, the diagrams that
sparsely punctuate the book are
sometimes very basic. I felt that a
more liberal use of detailed diagrams
would have complemented the text.
The coverage of subjects is, in general,
comprehensive and thorough, with the
right balance between too much and
too little information. The author
includes an extensive list of references
to other publications at the end of
each chapter. Hopefully this should
allow readers to follow up on particu-
lar subjects of interest. Overall, I
found the book useful and interesting
and would definitely recommend it as
an introduction to TCP/IP security.

Published by Artech House
£55:00. xxi + 348pp.
ISBN 0-89006-829-1
Reviewed by Steve Smith

Newnes Telecommun-
ications Engineer’s Pocket
Book (Second Edition 1998)
by Steve Winder

If telecommunications engineers
cannot quite boast, with politicians,
that a week is a long time in their
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profession, they can at least console
themselves with the thought that six
years is getting close to a geological
era. Since publication of the first
edition of the Pocket Book in 1992 the
pace of change in the industry has
made an update long overdue. The
real test of Winder’s second edition is
whether his revision has successfully
reflected this change—indeed,
whether such a vast field of endeavour
as telecommunications engineering
can any longer be adequately repre-
sented in this catch-all manner at all.
The answer has to be yes on both
counts. While following the conven-
tions of the ‘Pocket Book’ format
(small physical size, rigorous struc-
ture, short discussions and emphasis
on practical details), its scope is
certainly epic. Although the discus-
sion on the relative merits of differ-
ent cuts of quartz crystals (the first
topic in the 1992 edition) is among
several items to have been omitted,
the journey still takes us from relay
contact materials to ATM switch
architectures and most stops in
between. Winder has recognised that
these days most telecommunications
engineers will not be doing serious
business at the component level, and
has successfully sought to distance
himself from the physical layer while
retaining sufficient material on basic
principles. Thus, for example,

Payphones in Prison

e T e ===

BT has announced that BT
Payphones has won a £100 million,
10-year contract with the Prison
Service for a new type of telephone
system for prison inmates.

New telephones based on personal
identification numbers (PINs) will
replace the current payphones,
introduced into prisons in 1987, which
accept specially encoded phonecards.

The new contract is for more than
2500 telephones in 132 prisons across
England and Wales. Each prisoner
will be issued with a PIN number
and account to use the telephone
system. To make a call, the prisoner
keys the telephone number required
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weighty sections on attenuators and
filters have been quietly dropped
along with the crystals, but funda-
mental transmission line theory is
retained.

Winder has obviously wrestled at
length with the material to arrive at
a clear logical sequence. The book
begins with a short discussion on the
various types of signals which
telecommunications systems are
required to convey, and then moves
on to terminal equipment. Sections
follow on transmission media (copper,
fibre and radio, including satellite)
and then switching and signalling. A
comprehensive section on
multiplexing then covers FDM, PDH,
SDH and WDM, followed by another
on packet switched data. Finally,
there are separate sections on test
equipment, relevant organisations
and standards.

The material in the sections is
generally clear and sufficiently
comprehensive to, as a minimum, let
the reader identify the particular
area where more detail might be
required from a more specialised
source. In most sections the cover-
age goes well beyond this. Diagrams
are provided on a reasonably
generous basis, although some more
‘white space’ in the layout would
have been welcome in places. It is
perhaps unfair to look to practition-
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followed by the PIN number. A
computer management system then
automatically checks whether the
prisoner is allowed to call the
number at that particular time, and
has enough units in the account to
pay for it. Prisoners buy units to
credit their account.

The PIN telephone system has a
special victim anti-harassment
feature called ‘GOTU’. This allows
people with touch-tone telephones
who are called by a prisoner either to
accept the call or decide not to take it
and to add their number to alist of
those barred on the prisoner’s
telephone account.

BT PIN telephones have been on
trial in two prisons—Buckley Hall, in

er’s handbooks of this type to add
yet more verbiage to current ‘hot
topic’ debates in the industry—open
network architectures and the
implications of the datawave to
name but two—and Winder has
correctly concentrated his efforts on
providing practical details of real
systems. There is, for example,
sound coverage of such ‘advanced’
topics such as xDSL technologies
and TETRA.

One could have wished for a little
more material relating to matters
higher in the protocol stack—IP
being the most notable example—and
those interested in network matters
such as network management and IN
may feel a little hard-done by. Other
than this, there is something rel-
evant to all practising telecommuni-
cations engineers and the book will
be particularly valuable to those
looking for a basic but sound appre-
ciation of fields outside their particu-
lar speciality. In short, an excellent
handbook —but Winder cannot rest
on his laurels for too long as the next
edition will be required long before
another six years have elapsed.

Published by Newnes / Butterworth-
Heinemann

ISBN 0-7506-3936-9

£15:00. viii + 284pp.

Reviewed by Bill Woodbridge

Rochdale, and Full Sutton, in York.
BT Payphones will begin replacing
the old cardphones with PIN tele-
phones during 1999.

George Howarth, Home Office
Minister, said: ‘Providing prisoners
with access to the telephone system
is essential because it helps to
maintain family relationships
through the difficulties caused by
separation and travelling for visits.

‘The new system will afford us
greater control and better intelligence
on the illicit use of telephones by
prisoners and is an important step
forwards in helping to protect the
public.

‘PIN telephones should also
reduce bullying within prisons by
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removing the need for phonecards
which can circulate as currency.’

BT and Excite Link-Up

BT and US-based Excite Inc. have
announced that they have reached an
agreement for BT to buy a 50 per
cent share in the Excite Inc. subsidi-
ary, Excite UK. This $10 million
investment in the $20 million
subsidiary is the first time such a
close and active relationship between
a United Kingdom company and a
major United States Internet portal
has been forged.

The agreement will further develop
BT’s presence in Internet advertising
and transactions—two major on-line
revenue generators—complementing
its expertise in Internet access. It also
brings the benefits of Excite’s consid-
erable Internet technology and,
specifically, its on-line marketing and
sales expertise.

Excite UK will benefit through
better access to one of Europe’s most
important and fastest growing
Internet markets and BT’s expertise
in further localising its product to the
UK market.

Excite UK, in providing Excite’s
Internet and other services in the
UK, offers new and experienced
Internet users a personalised and
content-rich starting point on the
Web. This includes 12 content areas
covering subjects such as news, music
and sport, plus advanced search
technology, free web-based e-mail,
communities and on-line shopping.
Excite offers advertisers access to a
significant number of Web users, as
well as considerable technical
expertise in areas such as advertise-
ment display and on-line marketing.

In addition, Excite UK is market-
ing Excite Click, powered by BTClick,
a combined pay-as-you-surf UK
Internet access service and Web
guide. This service requires no
registration or monthly subscription
and features immediately on the
Excite web site (www.excite.co.uk).

BT offers a range of consumer
Internet and interactive multimedia
services including BT Internet;
premium content through joint
venture company, LineOne; current
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and forthcoming innovative on-line
services through BT Click+, multime-
dia kiosks and ‘Open’, the interactive
TV service provided by BiB (British
Interactive Broadcasting).

AT&T Concert

BT has announced that AT&T has
become a non-exclusive distributor of
Concert Communications Services in
the United States.

AT&T is selling the Concert
portfolio of international voice, data
and Internet protocol (IP) services
under the AT&T Concert brand.

This arrangement ensures that
AT&T and BT customers continue to
be served effectively and continu-
ously.

Concert is the world’s leading
provider of seamless global
transborder communications services
and has more than 4400 customers in
52 countries accounting for nearly
$2-75 billion in committed contract
revenue. Concert services are
available from 47 distributors
worldwide.

Oftel Plan’s to Publish

CEr L i

Oftel has set out plans to publish
information on complaints it receives
from customers about telecommuni-
cations companies and services.

The proposals aim to make
customers better informed when they
are choosing telephone suppliers.
They will also be a greater encour-
agement for telecommunications
companies to sort out the root cause
of the complaints.

Director General of Telecommuni-
cations, David Edmonds, said: ‘This
information is an important tool for
telephone users.

‘I want to ensure that it is accu-
rate, presented in a form which is
useful to customers, and fair to the
telecommunications companies. That
is why we are carrying out this
consultation exercise.

‘It is important that we get the
views of consumer groups and input
from the telecommunications indus-
try at this initial stage. Everyone
benefits from informed consumers.’
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The Director General has a
statutory duty to consider complaints
and enquiries and around 40 000
complaints are received each year.
From May next year, OFTEL plans to
publish information about these
complaints every six months.

Under the proposals, complaints
will appear in two tables. One table
would be the Top Ten complaints for
the period. The other would be the
top ten companies most complained
about for the period.

More Quality of Service
Information Published

More telecommunications companies
than ever before are publishing
information about the quality of
service they offer to customers.

Seventeen companies have
provided information for the telecom-
munications industry’s new compara-
ble performance indicators.

COLT Telecommunications,
Eurobell, Global One, Esprit and
Norweb are publishing data for the
first time in this publication.
Worldcom International and Torch
have pledged to publish data on their
performance in future publications.

Welcoming the publication of the
report, David Edmonds, Director
General of Telecommunications, said:
‘T am pleased that more companies
have responded to Oftel’s call and are
publishing data for the first time. I
look forward to seeing even more
companies included next time.

‘T also welcome the fact that this
report contains extra information
about operators’ performance on
service provision and fault repair.
These are important aspects of their
service.

‘It is good that, for the first time,
the data is being published on the
Internet. This will give wider and
speedier access to the information,
particularly for business customers’.

lonica Customers Retain
Service

| T S =T == 0 =a s 3

BT stepped in during December 1998
to provide some £3 million in funding
so that Ionica, which went into
administration on 29 October 1998,

317



could continue to operate for a period
of up to three months. This prevented
Tonica’s 60 000 customers losing
telephone service, including 999
cover, during the winter months.

Meanwhile, BT has attempted to
contact every Ionica customer by
telephone and mail to offer a smooth
transition to BT or an alternative
supplier.

By mid-February 1999, with
engineers working flat out, BT had
already connected more than 28 000
former Ionica customers and had a
further 17 000 appointments booked.

Tonica’s customers were offered
BT’s standard range of services, but
they were free to switch to other
service providers should they so wish.

Free Internet Service From
BTClickFree

BT has launched a free Internet
service, BT ClickFree, the only free
UK Internet service which requires
no registration.

Customers can access the Internet
simply and easily when they choose,
paying only the cost of a local call or
less if they belong to one of BT’s call
discount schemes, such as Friends
and Family and PremierLine.

BT has also teamed up with Value
Direct to give BT ClickFree users the
ability to shop on-line for a range of
products at lower prices than
through any other access service or
traditional high street retailer.

John Swingewood, BT’s director of
Internet and multimedia, said: ‘BT
has introduced ClickFree in response
to customer demand for a free service
combining reliability and the quality
of service which they have come to
expect from BT.

“This is a positive and logical move
for BT and its customers. We will
continue to respond to our customers
and to develop ClickFree to make it
the most competitive service on the
market. Our deal with Value Direct
means that we have gone even
further than just free Internet access.
BT ClickFree users will be able to
shop on-line for a range of electrical
goods and obtain greater discounts
which are not available through
other Internet access services.
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‘BT’s existing pay-as-you-go
service, BT Click+, has already been
praised for its simplicity and it has
continually performed well in
benchmarking tests by industry
analysts.’

BT ClickFree will include infor-
mation and entertainment content
from Excite. Also included is BT's
free e-mail address service, talk21
which will be upgraded to POP3 in
March 1999 allowing users to read
and write e-mails off-line.

BT, NEC and Nortel Net-
works in Third-Generation
Mobile Technical Trials

BT has announced it has begun
technical trials of third-generation
mobile communications services, based
on UMTS (universal mobile telecom-
munications system), in collaboration
with NEC and Nortel Networks. These
trials will strengthen BT’s position as a
leading authority on UMTS mobile
multimedia communications.

Among several devices to be
tested is a mobile telephone with
built-in camera and video screen,
capable of transmitting and receiving
data and images at high speeds. The
trials at BT’s research centre at
Martlesham, Suffolk, will help the
companies involved assess the
market for futuristic mobile multime-
dia, Internet protocol (IP), data and
voice services using prototype UMTS
networks and equipment.

Results will be fed into worldwide
standards activities to ensure users’
handsets work wherever they are, as
well as being made available to BT’s
subsidiary companies, including
Cellnet, and global joint ventures.

NEC and Nortel Networks are the
first of several companies with which
BT is working to strengthen its
capabilities in this area. BT expects
to conduct additional trials on other
aspects of this service.

BT will test prototype terminal
equipment which will be representa-
tive of the first generation of com-
mercially available devices in the
next millennium. It is envisaged that
these devices will support a number
of innovative mobile multimedia
services, including:

® the automatic downloading of
sports highlights into a user’s
handheld mobile videophone;

@ the ability for field salespeople to
view catalogue information in
graphic formats via videophone;

@ access to e-mail and the Internet
via a mobile handset; and

@ the ability to view the latest film
trailers and purchase cinema
tickets on-line.

AT&T’s UK Research and
Development Laboratory

A building in England’s Silicon Fen,
set among 12th century architecture
but housing a 21st century labora-
tory, is home to AT&T's first major
research and development centre
outside the United States.

The facility, the former Olivetti &
Oracle Research Lab, was acquired in
February and renamed AT&T
Laboratories—Cambridge. It is co-
located with one of the world’s pre-
eminent research universities. It
houses 50 full-time researchers,
working on networking, multimedia
and mobile communications systems.

‘There was a time when we '
believed that all good ideas originated
within our New Jersey office complex,
said David Nagel, AT&T’s chief
technology officer and president of
AT&T Labs. ‘Today, AT&T Laborato-
ries is branching out, first 2600 miles
to the west to Silicon Valley, with
facilities focused on IP development,
then to a new Internet research lab at
the University of California at
Berkeley, and now 3600 miles north-
east to the English countryside.

‘What better way to bring new
products and solutions to market than
by putting networking to work in our
laboratories, linking together the
people with the ideas and the exper-
tise to make things happen, wherever
they happen to be,’ Nagel said.

Global Forecasts for Local
Loop Growth

Independent analyst group, Ovum
(http://www.ovum.com), has released
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research that charts the growth of
the global local loop market. Ovum
anticipates that the number of local
lines installed each year will grow
from around 72 million in 1998 to
reach 195 million by 2005. Strong
growth in data communications,
stimulated by the Internet, is the
most important driver. Other drivers
include the development of alterna-
tive technologies, regulatory encour-
agement for access competition, and
the increasing importance of mobility.
These findings come from Ovum’s
new report The Future of the Local
Loop: Market Strategies.

‘The key competitive battleground
in telecommunications in the foresee-
able future will be the provision of
broadband lines’ said Adrian May, co-
author of the report. ‘Long gone are
the days when operators could
differentiate themselves on tariffs
alone—nowadays the challenge is to
be first to provide bandwidth at cost-
effective prices. This is driving a
huge demand for broadband tech-
nologies.’

BT and Butterworths Form
Alliance

Butterworths, the largest legal
publisher in the UK, and BT have
formed an alliance to develop a new
multi-media service for the legal
sector. The new package of tools for
law professionals, to be delivered on-
line to subscribing lawyers’ desktops,
will bring together Butterworths’
unrivalled legal content with BT’s
expertise in advanced communication
tools.

Nationwide market research,
followed by discussions with focus
groups, has established that there is
an unmet demand among small-to
medium-sized law firms for a bundle
of services which would take them
into the next generation in legal
know-how and communication
services—and help them keep pace
with an increasingly important part
of the service which cutting-edge City
firms provide to their clients.

Top priority in the wish list is a
secure document exchange service;
next in line is a single point of access
for a variety of legal information
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(such as the commentary, statutory
and case law resources represented,
among others, by Halsburys Laws
and the All England Law Reports),
closely followed by standard forms
and templates. Then come on-line
conferencing tools for interest groups
in the legal community, followed by
electronic document archiving and
storage.

The ‘Legalconnect’ package under
development by Butterworths and
BT is designed to meet these needs,
while providing the confidentiality
and reliability which is of such
importance to the legal sector.

The key elements in the
‘Legalconnect’ package are being
offered to selected law firms for a two
month period starting in February,
with a view to a launch of the full
package nationwide later in the year.
Initially, firms specialising in
personal injury work in the West
Yorkshire area will be participating
in this exercise.

Internet Expected to Bring
Fundamental Change

A major survey by BT and Manage-
ment Today reveals that 63 per cent
of managers believe that the Internet
will fundamentally alter the way
they do business, or will open up new
commercial opportunities for their
businesses, within two years. Only

13 per cent thought the Internet
would have little or no effect on their
business.

Reflecting this view, 81 per cent of
managers expected their company’s
investment in the Internet and other
electronic business technology such
as intranets and e-mail to increase
over the next two years. Only five per
cent respondents thought this would
definitely not be the case.

Despite their apparent enthusi-
asm, however, many admitted to be
learning on the job, with 68 per cent
of managers saying that they were
still finding out about e-busisness.
Technofear still exists among some
managers who are concerned about
the effect of technology on their
business. Of those managers inter-
viewed, 45 per cent were concerned
about the speed at which technology
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becomes outdated and 22 per cent
were worried about the cost of
investment in new technology.
Security is also a concern inhibiting
the growth of e-commerce for some
managers. A quarter had fears of
potential access to confidential
information and 19 per cent had
worries about secure payment over
the Internet.

The survey questioned more than
400 readers of Management Today
from companies throughout the
United Kingdom and found that
electronic business is already an
important apsect of most managers’
working lives. Internet access is
widespread (88 per cent) and 72 per
cent are surfing at least once a week.
42 per cent had access to their
company’s own intranet and almost
all, 98 per cent, were e-mail users.

Intranets emerged as an e-
business technology earmarked for
significant potential growth—26 per
cent of those without access to an
intranet expect their company to buy
one within the next six months and
three quarters of managers who
already had access to an intranet but
were not using it said they would
start to do so within six months.

The survey found that managers
view improved communications and
access to information as the main
benefits of the growth of electronic
business. At the present time, most
managers who surf the Web are
using it to find out information
(88 per cent) rather than for buying
and selling products and services, but
this is expected to change.

500 Million Internet Users
Predicted by 2005
Ovum, an independent analyst group,
has carried out new research chart-
ing the continued development of the
Internet. Ovum forecasts 206 million
dial-up connections and 17-5 million
permanent connections to the
Internet by 2005, representing a
four-fold increase on current figures.
Permanent connections will become
increasingly critical for large
corporates and for organisations that
depend on fast transmission of large
data files. The findings are available
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in a new report, Internet Market
Forecasts: Global Internet Growth
1998-2005.

The key findings include:

® The United States market will
become saturated after 2002 and
most continuing growth will
derive from developed Asia and
Western Europe. Aggregate
traffic will grow over 6 terabit/s
by the year 2005.

® There will be a major capacity
growth but no redistribution of
traffic patterns. The most impor-
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tant routes in 1998 will still be
the most important in 2005.

® The international Internet

backbone is on the point of
collapse. If new fibre build across
the Atlantic does not progress to
planthere will be a chronic
shortage of capacity to the United
States. Ovum warns that this will
result in a poor service that could
threaten the development of the
Internet on a global basis.

® The Japanese market will domi-
nate the Internet in Asia, although

China will experience a significant
growth of its Internet community
but will continue to have very low
Internet penetration rates.

® Value-added service provision is
key to long term survival on-line.
Internet access revenues from
dial-up connections will decline
in per-capita and real terms
despite significant growth in
subscriber numbers. Revenues
from permanent connections wil
rise initally, but will also encoun-
ter a decline in per-capita
revenues around 2004.

forthcoming conferences

April 1999

AON99: All-Optical Networks
ComForum, 30 March-1 April 1999,
Renaissance Orlando Resort, Orlando,
Florida, Presented by the International
Engineering Consortium. Registration/
further information: Tel: +1 312 559
4600, Fax: +1 312 559 4111, E-mail:
events@iec.org, Web site: http:/
www.iec.org, Mail: 1999 All-Optical
Networks ComForum, 549 West
Randolph Street, Suite 600, Chicago, IL
60661-2208 USA.

Internet and Digital Broadcasting
Converged Services, 12-13 April
1999, The Millennium Commodore,
Paris. Post Conference Workshop:,
Regulating the Era of Digital Conver-
gence, led by Andreas Bartosch,
European Counsel, Gleiss Lutz Hootz
Hirsch, 14 April, The Millennium
Commodore, Paris, Further information
from:, Vision in Business Ltd, Tel. 0171
839 8391, Fax: 0171 839 3777, E-mail:

postmaster@visibis1.demon.co.uk

The NMT Congress, Revitalising
Analogue Networks to Maximise
Growth and Potential, 13-14 April
1999, Hotel Intercontinental, Helsinki,
Finland. Further information from,
Scott Forbes, IBC Global Conferences,
Tel: 0171 453 5495, Fax: 0171 636 1976,
E-mail: cust.serv@ibcuk.co.uk, Web site:

http://ww.ibctelecoms.com/nmt99

Mobile Internet ‘99, Developing the
Potential of Mobile Internet/Intranet
and Information Services, 13-16 April
1999, London Marriott Hotel, London,
Further information from, Scott Forbes,
IBC Global Conferences, Tel: 0171 453
5495, Fax: 0171 636 1976, E-mail:
cust.serv@ibeuk.co.uk, Web site: http:/
www.ibctelecoms.com/mobint
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SIM ’99, Improving Operator
Profitability by Increasing Differ-
entiation,

14-16 April 1999, Le Meridien Hotel,
London, Further information from,
Scott Forbes, IBC Global Conferences,
Tel: 0171 453 5495, Fax: 0171 636 1976,
E-mail: cust.serv@ibcuk.co.uk,

Web site: http:/www.ibctelecoms.com/
sim

LRIC and Cost Allocation for
Interconnect Pricing, 19-20 April
1999, Brussels, Further information
from:, Vision in Business Ltd., Tel: 0171
839 8391, Fax: 0171 839 3777,

E-mail: postmaster@visibisl.demon.

co.uk,
Web site: http://www.visibis.com

European Telecommunications
Law, Regulatory/Business Platform
for the Next Millennium,

19-21 April 1999, Conrad International
Hotel, Brussels. One-Day Post-
Conference Regulatory Workshop on
‘Interconnection’. 21 April 1999, Conrad
International Hotel, Brussels., Further
information from, Scott Forbes, IBC
Global Conferences, Tel: 0171 453 5495,
Fax: 0171 636 1976,

E-mail: cust.serv@ibcuk.co.uk, Web site:
http://www.ibctelecoms.com/eulaw

Developing Tariff Schemes for
ATM Multiservice Networks,
26-27 April 1999, Regents Park Hotel,
London. Post Conference workshop
led by Eutelis on “The Marketing and
Deployment of ATM Multiple Serv-
ices, 28 April 1999. Further informa-
tion from:, Vision in Business Ltd.,
Tel: 0171 839 8391, Fax: 0171 839
3777, E-mail: postmaster@visibisl.
demon.co.uk,

Web site: http:/www.visibis.com

The Internet Architecture and
Internet Protocols, 26-27 April 1999,
The Fitztrovia Hotel, London, Further
information from, Scott Forbes, IBC
Global Conferences, Tel: 0171 453 5495,
Fax: 0171 636 1976,

E-mail: cust.serv@ibcuk.co.uk,

Web site: http://www.ibctelecoms.com

Transfer Pricing for Telecoms
Operators, 26-27 April 1999, Amster-
dam. Separately bookable one-day
conference: ‘E-Commerce Taxation in
Telecoms’, 28 April 1999, Amsterdam.,
Further information from:, Vision in
Business Ltd., Tel: +44 171 839 8391,
Fax: +44 171 839 3777,

E-mail: postmaster@visibisl.demon.
co.uk, Web site: http://www.visibis.com

Billing Systems 1999, 26-29 April
1999, Olympia Conference Centre,
London, Further information from:, IIR
Telecoms and Technology, Tel: +44
(0)171 915 5055, Fax: +44 (0)171 915
5056, E-mail: billing@telecoms.iir.co.uk,
Web site: http:/telecoms.iir.co.ul/billing/

Interconnection Latin America,
26-29 April 1999, Loews Miami Beach
Hotel, Miami, USA, Further informa-
tion from, Scott Forbes, IBC Global
Conferences, Tel: +44 171 453 5495,
Fax: +44 171 636 1976,

E-mail: cust.serv@ibcuk.co.uk,

Web site: http:/www.ibctelecoms.com

Mobile Security and Fraud Preven-
tion, How to Minimise the Risk and
Maximise your Profit, 27-29 April
1999, The Mount Royal Hotel, London,
Further information from, Scott Forbes,
IBC Global Conferences, Tel: 0171 453
5495, Fax: 0171 636 1976, E-mail:
cust.serv@ibeuk.co.uk, Web site: http:/

www.ibctelecoms.com/security
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