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I N 1993, Telecom Australia saw a period of significant 
change in both the technological and organisational 
aspects of the company. This change was strongly 

reflected at Telecom Research Laboratories. 

One of the most significant changes for TRL was the 
retirement of Harry Wragge. It is inestimable the 
contribution Harry has made to TRL and to Telecom as a 
whole. His vision and his ability to translate that vision 
into innovative and world leading applications, has been 
well recognised by Telecom. He has also been recognised 
by Australian society as a whole, as well as by his 
professional peers. His ideas and research have kept 
Australia at the forefront of telecommunications 
technology and I wish to take this opportunity to pay this 
further tribute to him. 

There is not sufficient room to detail Harry's achievements 
here, but more detail on his contribution is provided on 
page 50 of this book. 

For much of 1993, Ray Liggett was Director of Research. 
Ray brought to the Laboratories his wealth of experience 
with Telecom's customer business units, particularly 

those concerned with Telecom's largest customers. This 
strongly influenced TRL's interest in and involvement with 
Telecom's large customers. 

The structure of Telecom was then changed to bring the 
Information Technology Group and Research closer 
together. There is a need for synergy between operational 
support systems and the network, particularly when it 
comes to forward planning and directing the future 
directions of the company. 

With the change, TRL's role has been expanded to 
specifically include involvement in long term planning for 
the Telecom network, and an increased role in standards 
and regulatory strategy. This has lead to an increase in 
TRL's involvement in Telecom's business activities. 

This was manifest in TRL's involvement in three major 
studies conducted by Telecom during 1993. They are the 
Future Mode of Operation Study, the Switch Vendor Study 

and the Transmission Vendor Study, all of which have had 
a major impact on the network and the management of 
the company. 

TRL continued its significant input into Telecom's major 
activities such as network design and development, 
supporting the growth of the mobile telephone market, 
introducing new intelligent network services and 
providing the basis for the introduction of advanced 
applications such as video services and pay television. 

A major aim of TRL is to enhance the competitive position 
of Telecom in the market place to provide an opportunity 
for customers to differentiate Telecom from other service 
and network providers. 

This has lead to an increased emphasis on quality of 
service, developing software derived services, developing 
and improving the mobile telephone service, developing 
applications which use advanced computer capability 
and improving the operation support system architecture. 

During the year, TRL also maintained a very strong 
participation and influence on the world wide standards 
scene and conducted an ongoing fruitful involvement with 

• nnznns 
academia, supporting major contracts with a number of 
institutions around Australia. TRL's involvement with 
higher education institutions also provides a commercial 
and technical focus for those institutions to pass on to 
their students. 

There were many visits to the Laboratories during the 
year, reflecting the increased interest of business in the 
future of telecommunications in this country. 

I wish to thank and acknowledge the staff at TRL for their 
efforts during the year and for their achievements, despite 
the uncertainty and substantial change which occurred. 
This publication is a tribute to their work. 

DIRECTOR OF RESEARCH 
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Overview 1993 This year saw the groundwork for Telecom Research Laboratories 

to focus its energies into fewer but larger projects with specific product outcomes. TRL is now 

strongly driven by business priorities and the long term planning needs of Telecom. 

elecom Research Laboratories (TRL) is a sub­ 
unit of Research and Information Technology (RIT) 
within the Network and Technology Group. TRL 
provides a research and development focus for 
Telecom by undertaking commissioned research for 
Business Units and by conducting medium to long 
term research aimed at identifying future business 

opportunities for the Company. 

TRL's mission is to: 

Build Telecom's competitive advantage in the market 
place and provide an engine for Company growth 
through: 

Vision of the future 
• provide a longer term (beyond 3 years) planning 
role in all areas of technology, networks, systems, 
processes, products and services; 

Technological leadership 
understand leading edge developments, recognise 
implications, pick the right technology at the right 
time, enable Telecom to be a smart acquirer and an 
innovative deplover of technology, 

• provide a focus for cost and performance 
improvement through research and application of 
new systems and processes, 

• solve operational problems; 

Selective development of new and differentiated 
products and services; 

Leadership and management of national and 
international standards activities. 

li®Mii+W 
TRL's overall strategy is to sustain the Company's 
future competitive advantage in the market place by: 
• developing, with its major clients, an up-front view 

of Telecom' s longer term plans and 
• identifying and developing new products and 

services. 

This requires TRL to move quickly from its past role 
as a "knowledge factory" and "technology transfer" 
agent to a role which uses its skills and vision to 
directly influence the Company's future plans, 
products and services. 

In developing its Business Plan, TRL must focus on 

Telecom's primary business needs. This dictates a top­ 
down driven program rather than one which reacts to 
lower-level, task-oriented work. TRL is involving the 

top management levels in the Company in the 
formulation of its R&D Program. 

In safeguarding Telecom' s longer term business future, 
it is essential that some research and development 
work be undertaken well in advance of a Business 

Unit's ability to support the work. In such cases, it is 
appropriate for the work to be corporately sponsored. 
Examples of this type of work include business and 
financial studies of market trends resulting from new 
technologies and services. Corporate sponsorship will 
also be used for special field trials in support of the 

evaluation of such business futures. 

TRL is aggressively moving towards the adoption of a 
more limited number of focussed research areas which 
are priority driven by the needs of Telecom's 
Customer Business Units. The move from the 

currently large number of diverse projects to the new 
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0 p1·iority areas oF work will be achieved by 1995/96, to 
a l l o w wo rk which is presently commissioned by 
Business Units to be completed. TRL's major clients 
will be involved in the definition and phasing of the 
new balance. Internal discretionary work has already 

been reviewed and changes have been made to reflect 
new priorities. 

TRL is undertaking a greater developmental role, 
particularly in software, to ensure that customer and 
network solutions can be rapidly developed so 
Telecom is ahead of competitors in taking advantage of 

new business opportunities. Features oF this strategy 
include: 
• a parallel approach lo the development cycle by 
using simultaneous inputs from all groups involved 

in the process, from concept to operation; 
• the alignment of R&D Strategy with Product, 

Platform and Acquisition Strategies including the 
development of strong links with industry, exploit­ 

in g leverage from sector leaders (rather than 
re-invention), targeting market differentiation by the 

early development of products and by establishing 
differcntialion in niches by selected in-house 

developments, 
• a greater emphasis on processes which link stralcgy 

and business planning to budgets, project manage­ 
ment and resource management. 

TRL will be involved in some major "demonstrator 

type" projects such as interactive wideband to the 
home services and Universal Personal Commun­ 
ications. This stralegy is to ensure that the Company 

has a good understanding of the market effects of 
future telecommunications services and of the ways in 
which business and residential customers will operate 
and interact with one another. 

A continuing strategy for TRL is to support Telecom's 
Business Units and the telecommunications industry to 

ensure that plant and equipment meets appropriate 
quality standards. Resources for this work will vary as 
Telccom's suppliers assume a greater level of account­ 

ability for quality. In the interim, however, reliability 
evaluations and problem solving in production and 
installation operations will be undertaken in those 
areas where Telecom has no other options. 

TRL is the lcadhouse for Tclecom's R&D interactions 

with the higher education sector. The strategy is to 
maintain a program of research and development 

which complements the Company's R&D agenda and 
which fosters an educational sector which can supply 
Telecom 's requirements for future graduates and post 
graduates. This external prograrn of R&D also includes 
local industry in appropriate cases. 
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Business and Customers 

The major groupings of work in the TRL Program are 
as follows: 

(A) COMMISSIONED R&D 

The Commissioned R&D program comprises work 
defined by Telecom Business Units and funded by 
them via transfer pricing, nominally at cost (ie, no 

profit component). Projects are specified in terms of 
deliverables, timetable and costs, and are agreed to 
individually where practicable. Minor and ad hoe work 

is performed under usage-based Support Agreements. 
Approximately 70% of TRL's R&D Program is Funded 
by Business Units as commissioned R&.D. 

(B) D1SCRETIONAR Y R&D 

The Discretionary R&D program comprises two 
components: 
work which is defined by the Director of Research 
and which is: 
• essentially long term in nature; 
• concerned with technologies, systems and services 
which are at such an early stage of development that 
commissioned work cannot be expected, or which 

requires exploratory work to bring understanding to 
the stage at which commissioned work can reason­ 

ably be expected; 
• capable of altracling support within a few years; and 

• likely to contribute to Telecom's business objectives 
and imperatives in the longer term. 

This work includes the operation of the Telecom 
Centres of Expertise which undertake contracted R&D 

in selected Universities. 

work which is funded Corporately and which 
includes: 

larger demonstration projects and studies in such 
areas as Broadband to the Home, Multi-channel 
(Radio) Local Distribution Systems, Wireless Local 

Loop and the newly approved Experimental 
Broadband Network; 

• smaller projects which arc corporately important but 

difficult to Fund. 

The current guideline [or expenditure on Discretionary 

R&D is that it represent no more than approximately 
30% of the lotal R&D program. TRL is gradually 
changing the balance of work within the Discretionary 

Program in favour of a growth in the level of 
demonstration projects. 

(C) PLANNING 

TRL is forming a number of planning project teams to 

support the longer term planning responsibilities of" the 
Network and Technology Group. Teams comprise 
experts from TRL's Branches and operate in matrix 

management mode for the duration of their specific 
studies. 

I 



(D) STANDARDS AND REGULATORY STRATEGY 

This function comprises work on netvvork-related 

standards and regulatory issues to ensure the types of 
network based services which are offered and their 

means of delivery, suit the needs of Telecom's 
customers. This work includes: 

numbering plans for new and special services, plus 
issues such as numbering plan implementation and 

number portability; 

• radio frequency spectrum management to ensure that 
Telecom has continued access to spectrum at a 

reasonable price for present and future services, plus 
strategic and political issues relating to spectrum 
allocation and environmental issues; 

• network service performance standards for optimum 
business needs, including performance statements for 
tariff filings with the Regulator and performance 
aspects of service guarantees; 

• coordination and control of the Company's 
involvement in the national and international stand­ 

ards process and its optimisation for business 
advantage; 

• development of technical regulatory strategies for 
future products, services, ad hoe standards, 
regulatory work and options studies. 

This work has been transferred to TRL from the 
former Network Strategy Group of Network Products. 

E) CORPORATE FACILITIES 

The corporate program covers major activities which 
TRL performs for Telecom as a whole. These include: 

• the operation of the National Information Resource 
Centre; 

• the provision of expert advice and service relating to 

intellectual property matters; 
• the management of the Telecom Australia Fellowship 

scheme for graduates, postgraduates and academics; 
• contributions to, for example, the Australian 
Telecommunications and Electronics Research Board 
(ATERB) and the Australian Mathematics Olympic 

Committee (AMOC); 
• the provision of Telecom 's reference standards for 
measurement of optical and electrical quantities, and 
arrangements for traceability throughout the 
Company of measurements of various physical 

quantities; and 
• the management of Telecom's Product Development 

Fund to encourage the development by industry of 
innovate products for the telecommunications 

market. 
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new term, "information superhiahway'', appeared 
a lot in the media clurina 1993. ft vividly reflects where 
modern telecommunications is headinB. The transmission ef 
information will be fast, there will be a huae volumes ef it 
and it will be manaaed in many innovative ways. 

These ju tu re services a re also ea/ lee/ "broadband services". 
The bandwidth available in the network will easily allow 
the transmission r:f hiah definition television, internctive 
video services cmd a myriad ef other 111teroctive services 

such as home shoppina and home bankina. 

Broadband services are developinq from the convergence ef 
computing, broadcasunc and telecommunications. iriformation 
will be available in video, data or voice forms. It will be 
available from anywhere in the world and it will be 1ust as 
readily available in a one to many interaction as it will be 
111 a one to one interaction. The possibilities for broadband 
services are exciting and will only be limited by the 
imagination. 

The work 111 this area at Telecom Research Laboratories 
(TRL) will help to ensure Australia will be well placed 
to take advantage ef these services as they are developed. 

Information on Demand 

Information on demand services will have a major 
affect on our society. The services will impact on the 
way in which information, goods and services will be 
marketed and how they are distributed. They will 
impact on our business and personal lives, on how we 
structure our time, what will be our entertainment 

and even how we use our homes, offices and leisure 

places. 

Work is being conducted at TRL to ensure Australia is 
well placed to introduce these services, as and when 

technology permits. 

There are many elements to an Information On 
Demand system. The customer is connected to the net­ 

work by a set-top unit (which provides the necessary 
computing power) through which access can be gained 
to databases. These hold details of the information 
available. After searching the databases, the customer 
selects what information is required and a signal is 
passed from the database to the relevant information 

provider to initiate information retrieval. The trans­ 

ition from searching the databases to retrieving the 
information involves several network interactions, but 
these are kept hidden from the customer who sees a 
smooth "seamless" transition. 

Providing intelligence in the network will be critical to 
the smooth operation of the services and ultimate] y to 
user acceptability of the system. It will also allow the 

wide range of service possibilities to be "customised" 
in a package specific to an individual. 

During 1993, TRL established a demonstration of an 
Information On Demand service. This extends the 

concept of the more widely known "Video On Demand", 
to encompass a diverse range of information types. 
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0 Broadband Services to the Living Room 
N Information on demand services will provide incredible 

access to information, whether it be in a video, print 
or audio form. But while these services are touted as 
being the exciting new future of telecommunications, 
there arc some practical questions to answer before 
the services can be provided to the home. And how 

these questions are answered will affect the cost and 
rate of acceptance of the services. 

What makes this work even more complicated is that 

at this stage, people are unable to foresee what 
possible services they may want. If people are not able 
to try a new service, they do not know how they will 
use it and they do not know how much they would be 
willing to pay for such a service. 

Apart from the uncertainty at the customer end of the 
system, there is a lot of hardware and software which 
needs to be developed for the home, the network and 
the service providers. 

There is a requirement to get started with a practical 
information on demand system and make it scalable, 
so new features can be easily added as they are 

developed. 
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There is also a problem in having sufficient bandwidth 

and transmission capacity to get the information into 
the home, particularly the large amount of information 
in videos. 

During 1993, research at TRL brought the pieces of 

this jigsaw puzzle closer together. The problem has a 
number of possible solutions. Having a combined 

fibre/ co-axial cable, or by using the existing copper 
system with Asymmetric Digital Subscriber Line 
(ADSL) technology are two examples. 

Electronic information services do exist, but they are 
really only accessible to sophisticated computer users. 
Consequently, a lot of research is needed to have this 

type of service available to people who are not familiar 
with, or have access to computers. 

Although the basic transport technologies are 
converging, answers are needed to such questions as 
what is the best way to browse a catalogue, to select a 
program, and what billing procedures will be required? 
To this end, TRL is developing a trial platform which 
can be used to evaluate potential information on 
demand services. 

Research in this area is quite deceptive, in that the end 
result of this work must be a very simple, easy to use 
system which effortlessly integrates the use of data, 
video and audio information. But to achieve this level 
of simplicity and ease requires a very sophisticated and 
complex infrastructure. 

Digital video services to the home 

Researchers at TRL are developing technology to allow 
home entertainment and information access through 
the distribution of video signals and video on demand 
services. This can sometimes involve researchers 
watching a lot of video clips. 

There are many aspects which have to be considered 

before a video on demand service can be provided. 
There is the technology shift from analogue to digital 
transmission, there is the large volume of data which 

is needed to reproduce video and then there are the 
physical characteristics of the network, whether the 
transmission will be through optical fibre/ coaxial cable 

system or copper wire. 

Studio quality digital video requires a rate of 

216 Mbit/ s, but transmitting this amount of data over 
a telecommunications network would be expensive and 
inefficient. To reduce the cost of transmission, the 
digital video data needs to be compressed to a rate of 
around 2-10 Mbit/ s and retain good quality. 

Compression is achieved by only transmitting that 
information which changes from frame to frame in the 

video. For example, the background scenery in a 
picture might not change at all over many frames. The 
coding and compression procedure takes this into 
account. It does not redefine all the information which 
is constant between frames, rather it only codes the 

differences between one frame and the next. It also 
takes advantage of similarities between different parts 

of the same frame. 

Once the information is compressed, then more digital 
channels can be transmitted in the same bandwidth, to 

the point where in optical fibre, 500 television 
channels could be transmitted at once. 

If the existing copper wire network is used for video 

to the home, then one or two channels could be 

provided using advanced transmission techniques that 
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can extend the transmission capacity up to around 
2-6 Mbit/s. The desired channel or movie can be 
chosen from a virtually unlimited selection, using 
switching equipment at the local exchange. 

TRL has been able to achieve very high picture quality 
for a wide range of picture material when it is 
compressed as low as 4-6 Mbit/s. Some material, such 
as movies, can be compressed to even lower rates and 
researchers have successfully compressed entertainment 
video to 2 Mbit/s. 

This research at TRL has allowed Telecom Australia to 
contribute to the international standards which will 

play a major role in video applications, including 
VCRs, computer based multi-media information, 
desktop videoconferencing and digital distribution of 
television and high definition television (HDTV). The 
standards in this area are very general to take into 
account the wide range of services and qualities 
possible with video services. 

confirm that 
achieved. 
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Distributing Video on the LAN 
In September, 1992, Telecom Australia launched FASTPAC, a network which switches packeted infor­ 
mation between Local Area Networks (LANs). During 1993, TRL continued its work to develop more 
applications for FASTPAC. 

Progress has been made with the development of an interface for video to be carried on the most 
popular LAN called Ethernet. Given that Ethernet already "co-operates" with FASTPAC, this means 
that video can be transmitted from one Ethernet LAN to another via FASTPAC. The whole FASTPAC 
network is transparent to the user, so it appears to provide a geographical extension of the LAN. 

Apart from live video communication, the development has opened up the possibility for any LAN to 
retrieve multimedia information, including video, through FASTPAC. 

There are a number of advantages in sending video over a LAN. There is no need to utilise a separate 
network, as most personal computers already use a LAN for communication. The LAN is a versatile trans­ 
port medium which can support several different media channels, and it also allows easy multipoint 
and broadcast connections ( compared to ISDN, which is switched point to point). 

However, despite the progress, there is still a lot to learn in developing the standards and protocols 
required for such a system. The researchers are exploring the characteristics and limits of the new 
system. 

One important study relates to congestion, particularly when the network has many stations. How will 
the LAN manage multiple video stations and send data at the same time? Through Ethernet, all stations 
have equal access to the network and if it is congested, then packets of information could be lost. So 

one of the investigations in 1993 has been to determine how many video stations can simultaneously 
operate on Ethernet before there is a significant reduction in quality. 

Given that some of the latest Personal Computers now have inbuilt multimedia capability, desktop 
videoconferencing is no longer just a reality in the laboratory, but it is ready for use in the commerc­ 
ial world. The work at TRL will help bring about wide spread desktop video communication quickly 

and efficiently. 



Video on the Copper Network 

While Australia is leading the world in per capita 

installation of optical fibre, there is still a huge 

investment in the copper wire network. The copper 
network has served telephone communication well, 

but it was always thought that its transmission capacity 
would be inadequate for future broadband services, 

such as viewer controlled Pay TV and other interactive 
services. 

However, this situation has now changed with the 

development of a new technology called Asymmetric 
Digital Subscriber Line (ADSL) systems. ADSL will 

enable digitally compressed video signals to be 
delivered to the home over the customer's existing 
copper pair telephone line. The 
system is currently being assessed 

by TRL. 

ADSL systems convey the compres­ 
sed video information downstream to 
the customer at a rate of 1. 5 Mbit/ s 
or more. This is decompressed 

(decoded) by a set-top unit and 
then passed on to the normal home 
TV set. Selection of the program 
and other viewer control functions 
such as pause, rewind and fast 
forward, are performed by means 
of control signals sent upstream to 

the exchange via a low-rate control 
channel. ADSL uses frequency 
separation to enable the down­ 

stream and upstream signals to 
operate on the same cable pair as 
the normal telephone service. 

The TRL investigations of ADSL 
include system simulations, assess­ 

ment of prototype equipment, test 
specification and development, and 
a wideband impulsive noise survey. 
This survey commenced towards 
the end of 1993 in the homes of volunteer Telecom 
Australia staff members based in Melbourne. 

The noise survey is particularly important, because 
impulsive noise, while generally of little consequence 
in normal telephone services, can affect ADSL perform­ 
ance. Consequently, the noise characteristics must be 
determined to enable adequate countermeasures to be 
employed. The survey is a joint Telecom exercise 
involving TRL, the Pay TV Technology Project Team, 
the Special Network Services Group and Melbourne 
North and Melbourne South Network Operations 
Groups. 

In addition to the ADSL investigations, TRL is also 
assessing Very High Rate ADSL (VHADSL) systems, 
which will enable rates of 10 Mbit/ s or more, to be 
delivered over copper pairs. Unlike ADSL, VHADSL 

will not be able to cover typical exchange-to-customer 

distances (up to 5 km). However, it will find appli­ 
cation over copper pairs covering the last kilometre of 

future optical fibre/copper hybrid systems. As such, it 
will facilitate the delivery of new services such as High 
Definition Television (HDTV). 

Both ADSL and VHADSL are potentially important to 
Telecom, because by using existing telephone lines, it 
will enable the new video services to be provided at 

reasonable cost and with short provisioning times. 
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0 A New Public Key Cryptographic System 
N One of the problems associated with replacing paper 

based systems with computer based counterparts has 
been in finding a suitable electronic equivalent of the 

handwritten signature. Another problem has also been 
to find an efficient method of obtaining a (logical) key 
which anyone can use to electronically lock away the 
contents of a message so that only an intended 
recipient can unlock and read its contents. These two 
problems were solved in 1978 with the invention of 

what is now known as public key cryptography. 

Cryptography is the process of concealing (locking 
away) and revealing (unlocking) the meaning of a 
message through the use of an algorithm (a set of rules 
or mathematical procedures) and one or more (logical) 

keys. Conventional cryptographic systems use a single 
key to both lock and unlock information, whereas 

public key cryptographic systems use two separate 
keys, one to lock away information and the other to 
unlock it. 

Public key cryptographic systems are seen, inter­ 
nationally, as being a vital element in securing virtually 
all current and future information technology systems. 

This technology will be included in such applications 
as home banking, electronic mail, pay TV, video on 

demand, charging and billing systems, mobility services, 
intelligent network services, multimedia management 
systems, electronic transaction service and electronic 
data interchange (EDI). In addition, the use of public 

key technology is playing an important role in many 
current and emerging international standards. Consc­ 
q u e n tl y information technology suppliers can be 
confident of an escalating growth in demand, From a 

large and diverse marketplace, For products and 
services incorporating public key technology. 

With public key cryptography each user in a network 
is issued with a unique pair of keys. For a given user, 

one key of their key pair (denoted the public key) is 
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message by using the given user's public key (which, 
of course, is available to anyone). The important point 
in locking a message in this ,ny is that the person 
who created the locked message can be uniquely 
identified (as being the holder of the private key 
corresponding to the public key that was used to 
unlock the message). 

Creating a locked message by using a person's private 
key is known as creating a digital (or electronic) 
signature. Recovering a recognisable message from a 
digital signature by using the signature sender's public 
key is known as signature verification. Again, it should 
be emphasised that private keys arc kept secret and are 
not revealed to anyone in the process of creating or 
verifying digital signatures. 

Until recently there has only been one public key 
cryptographic system that uses the same algorithm to 
both encrypt/ decrypt information and to crcatey'vcrifv 
digital signatures by simply switching the order in 
which the keys from a given key pair arc used. It was 
invented in 1978 by Rivest, Shamir and Adleman and 
is commonly known as the RSA algorithm. This 
algorithm has been patented in the USA and Canada. 

It is expected that RSA technology will play a 
dominant role in many of the information technology 
systems described above. However, a new public key 
cryptographic system has recently been invented at 
TRL that is likely to become a strong competitor to 
RSA. The new system is based on the use of elliptic 
curves and is the only known cryptographic system 
that has similar properties to and the same function­ 
ality as the RSA system. The elliptic curve based 
system is more resistant to digital signature forgery, 
can be used with relatively short private keys, can be 
used over a wider range of inputs for similar system 
parameters and may be more secure than the RSA 
system. Telstra is currently in the process of patenting 
this new public key system in Australia, USA, Japan, 
Canada and Europe. 

Nick Demytko using a public key based security system for remote access to a mainframe computer. --- 

made publicly available and can be used by anyone, 
other than the given user, to lock away information 

(this process is known as encryption). The other key 

of the given user's key pair (denoted the private key), 
is kept secret by that user so that only he or she can 
unlock the previously concealed information (this is 
known as decryption). 

Some public key cryptosysterns also allow users to use 
their key pairs in the opposite order. Thus, a given 
user may lock the contents of an arbitrary message 
using his or her private key first, thereby allowing 
other users to unlock this previously concealed 
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The capacity of optical fibre is t rie basis on which 

emer9in9 br o a db ati d services are possible. TR.L is i'!!-'V?'S'ti9lfitin9 

new and novel ways to increase tbe ut il is a t i o n of the 

properties and capacity of optical fibre. 
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ptical fibre was only developed in the 1970s, but 
already it is a mature tecbnoloqv, with widespread commercial 
application. It is widely used in modern telecommunications 
by Telecom Australia, which is a world leader in the use of 
optical fibre in the trunk network. It is now being increasinqly 
utilised in the customer access network. In other words, 
optical fibre is 9etting closer and closer to the customer, 
whether they be at their place of business or at home. 

One of the amazin9 thin9s about optical fibre is that only a 
small percenta9e of its incredible capacity is used, somethitiq 
less than 0.1 %. This means that once fibre is installed in 
the network, it is likely to be there for a long time. 

However, more of the fibre's capacity can be utilised by 
improving the technologies at either end of it. And it is the 
capacity of fibre and its optical interconnections which will 
help to make possible the multiplicity of broadband services 
which will become commercially available in the future. 

The work at Telecom Research Laboratories (TRL) will 
ensure that Telecom Australia 9ains maximum benefit from 
the investment in optical fibre. 

Trial Broadband Services to the Home 

Telecom Australia is actively preparing for the delivery 
of broadband services to the home. This involves the 

integration of many technologies, ranging from 
transmission and switching to service provision and 
customer premises equipment design. Consequently, 
the work spans most areas of TRL. 

A key element of the delivery strategy is the develop­ 
ment of technology and service trials. TRL has been 
actively involved in two technology trials at 
Wollongong and Centennial Park in NSW. 

At Wollongong, the trial is investigating provision of 
services over optical fibre directly to the customer's 
premises. Fibre to the curb is also being trialed. These 

trials incorporate equipment which has been developed 

by NEC. 

The trial system is based on a Passive Optical Network 

architecture. In 1988, TRL pioneered the development 
of a laboratory fibre access system referred to as 
MACNET, employing couplers to split the optical 
signal power from the exchange unit and hence reduce 
the per customer cost of the equipment and cable. 

This has been shown to be a cost-effective access 

technique. 
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Long Distance Optical Fibre Links 

Australian telecommunications em braced optical fibre 
technology very quickly. Telecom Australia has 
installed approximately 1.5 million kilometres of fibre 
in its network. Initially, fibre was used in urban areas 
to link metropolitan exchanges, but very quickly, 
Telecom moved to installing a major network of 
single-mode fibre trunk links between the capital 
cities. Optical fibre is being installed in the regional 
network and is increasingly being used in the customer 
access network. 

A question constantly being asked at TRL is "How can 

we get better utilisation of the capacity of optical 
fibre?" Only a small percentage of the capacity of the 
fibre is currently being utilised. It is estimated that 
0.1 percent of the theoretical capacity of the fibre is 
utilised, so there is great potential for increasing the 
amount of traffic carried on the existing fibre. 

Researchers have set a target of quadrupling the 
capacity of the fibre network every four years, while at 
the same time making the network more reliable and 

survivable. 

The survivable component of the network relies on 
having available a reserve capacity which can allow the 

network to sidestep any major breakdown. In the case 
of a major communication cable being broken, the 
greater the reserve capacity on other cable routes, the 
greater the number of calls that will continue to get 
through. Researchers refer to this as having built-in 
redundancy to increase the survivability of the network. 

There are many possible approaches to increasing the 
capacity of the fibre network and a number of these 

are being researched at TRL. 

The first of these approaches is simply increasing the 
transmission rate at which information passes through 
the fibre. Another way to increase the capacity of the 
fibre is to utilise more of the low loss region of the 
fibre. Currently, only a small portion of the low loss 
regions is being utilised. 

Transmission rates have been increased from a bit rate 

of 34 Mbit/s to 140 Mbit/s to 565 Mbit/s and now to 
2500 Mbit/s (or 2.5 Gbit/s). Each step has given a four­ 
fold increase in the volume of traffic carried by a fibre. 

Theoretically, this should be able to increase still 
further and in some overseas countries, 10 Gbit/ s rates 
are being tested. However, it may not be appropriate 
to use the 10 Gbit/ s rate in the long-distance network 
in Australia because of its geography and the type of 

fibre installed. Line equipment at 
this high rate needs more receiver 

optical power and this means less 
distance between expensive gener­ 
ators, or the use of optical power 
amplifiers in conjunction with each 
laser transmitter. In addition, the 
signal suffers greatly from dispers­ 
ion as it travels through the fibre. 

Because of pulse dispersion, it is 
estimated that at 10 Gbit/ s, the 
network would need regenerators 

at every 70 kilometres and optical 
amplifiers would not overcome 
that limit. In contrast, at the 
2. 5 Gbit/ s rate, the signal can be 
transmitted hundreds of kilometres 
using optical amplifiers, before 
reaching a dispersion limit where 

regeneration is necessary. 

However, 10 Gbit/ s capacity can 
be achieved by transmitting four 
streams of information at 2.5 Gbit/s 
on the same fibre, but with each 
stream having its own distinct 
wavelength. This does not create 
the power or dispersion problems 



of a single 10 Gbit/ s signal. In addition, this wave­ 
length multiplexing approach is not limited to four 
channels, as more can be added as necessary, still 
sharing the same fibre and amplifiers. 

At this stage, optical amplifiers are still quite 
expensive and although much simpler than a high­ 

speed regenerator, their costs are of similar magni­ 

tude. However, the optical amplifier price will reduce 

as the components become bulk commodity items. 
There is less scope for regenerator price reductions. In 
addition, an optical amplifier uses far less electrical 
power than the regenerator, which is an important 
consideration in remote areas. 

During 199 3, TRL established a demonstration optical 
fibre system which transmitted at a rate of 622 Mbit/ s 

over a span of 268 kilometres. The system uses optical 

Small Capacity Optical Fibre Systems 

Telecom Australia is leading the world in the use of 
optical fibre in telecommunications. Australia has laid 

more optical fibre per head of population than any 
other country. The fibre is mainly used on the main 
trunk routes and in the busier major cities, but in 
1993, TRL was able to design and offer an optical 
fibre solution to an outback situation where only 30 

services had been requested. 

Using optical fibre to provide the last 30 kilometre of 
a telecommunications link to an isolated community 
150 kilometres from Darwin had been considered 
impractical until researchers at TRL assessed the range 
of possible solutions. 

The requirements for this link were stringent. It is in 
a tropical cyclone area near the coast, so maintenance 
during the wet season is virtually impossible. It is also 
a high lightning area, so metal cannot be used. And it 
needs to have a large reserve capacity, as the exper­ 
ience with putting in radio links in this area shows that 
the number of services quickly increase and the link 

becomes crowded. 

When the options were considered, that is, standard 
cable, extend the digital radio concentrator system, or 
optical fibre, the fibre came out as the most econo­ 
mical, as well as proving to be the most suitable for 
the harsh environment. 

However, some novel optical equipment has had to be 
designed and developed to connect the optical fibre 
link into the digital radio concentrator system. While 
the equipment may be novel, it is certainly not 
complicated or expensive. A wavelength division 
multiplexed device has been developed with simple 
design features. It is robust and has a large operational 

safety margin, can work in the area's harsh environ­ 
mental conditions, and uses simple, low cost 

power amplification at the transmitter and pre­ 
amplification at the receiver. This system demonstrates 
the feasibility of using the technology to create very 
long span links in the optical fibre network. 

The year also saw work on new international standards 
for transmission quality. A computer model was 
developed to translate the standards into link perform­ 

ance requirements for specific situations. To meet the 
new international standards, the error rate has to be 
less than one in 1012 bits of information. 

This research is important to allow Telecom to make 
informed decisions about the best technologies and 

techniques to either improve the current network, or 
to plan for the network of the future. 

components. It also has a low power requirement, 
which makes it suitable for use at solar powered sites. 

This is an important step for the community concern­ 
ed and it also has wider implications. The cost of 
optical fibre has decreased to the extent that it is 
cheap enough to only use a small fraction of the 
capacity of the fibre. The capacity of the fibre can be 
increasingly utilised by upgrading just the electronic 
component of the system when required. 
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0 Wavelength Conversion Technology in Glass 
N The load on switching equipment increases substan­ 

tially as bit rates increase in the access network. One 
attractive means of overcoming the switching bottle­ 
neck is to use the capabilities of the transmission 
network to take some of the load from the digital 
switching function. This can be achieved by using 
wavelength as one of the dimensions for addressing 
information, and using relatively passive and extremely 
high bit rate Wavelength Division Multiplexing 
(WDM) technologies to achieve routing. Since the 
WDM technologies are likely to be used in the core 

network for increased capacity requirements, it is 
possible that a simple extension of the WDM 
functionality will lead to a significantly reduced 

switching load. 

For the WDM approach to decentralise switching, and to 
be fully effective, some form of wavelength conversion 
technology is required to allow for redirection, circuit 
bypass, fault tolerance and generally make the 
approach more flexible. To achieve full transparency 
for the WDM network and make the fullest use of the 
transmission bandwidth, a technology is required for 
conversion between fibre transmission windows. 

Within each fibre transmission window (1300 nm and 
1550 nm), the technology for conversion between 
wavelengths is being developed at various laboratories 
throughout the world. In Australia, this work is being 
undertaken by the Photonics Section at TRL, along with 
the Photonics Research Laboratories at the University 
of Melbourne. 

The most promising technology involves the use of the 
highly nonlinear optical behaviour of semiconductor 
optical amplifiers. The conversion from 1300 nm to 
1550 nm is simply achieved because photons at 
1550 nm have less energy than photons at 1300 nm. 

However, the reverse process ( conversion from 1550 nm 
to 1300 nm) is much harder to achieve as it requires 

an increase in photon energy. The approach taken by 
the Photonics Section has been to combine two 
different wavelengths of light in a non-linear material 

to generate a shorter wavelength, high energy light. 
This shorter wavelength light can be easily converted 
to 1300 nm light. 
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As part of this project, work has been 

undertaken to locally write highly non­ 
linear areas in glass waveguides. This 
has been achieved using a combination 
of poling (in which the waveguides are 
heated, a large electric field applied and then cooled) 
and using ultraviolet laser light to localise the nonlin- 

A New Optical Fibre Attenuator 

TRL has invented a novel cheap optical signal atten­ 
uator which has the potential to save millions of 
dollars for Tclcos around the world. 

During 1993, Telecom Australia technical staff 
installing optical fibre equipment found that a large 
number of optical fibre attenuators were marked with 
a deposit that could not be removed using normal 
cleaning methods. The Photonics Section at TRL was 
asked to identify the material and suggest a suitable 

cleaning solution. 

It was quickly found that the markings were scratches 

from crushed glass, and therefore could not be 
removed by any acceptable field method. As a conse­ 
quence, a large batch of imported attenuators was 
withdrawn from use, causing a major supply shortage 
of these devices. 

To overcome this shortage, the Photonics Section 
developed a novel device to introduce moderate 
optical attenuation (in the range of 5-20 dB) into single 

mode fibre transmission systems which incorporates 
standard 3 mm optical patchcords or pigtails. 

This cord loop attenuator works by introducing an 
accurately controlled degree of macrobend in an 
accessible link of optical cord. It can be introduced, 
adjusted in small steps or removed without the need 
to interrupt the optical transmission. 

This was initially proposed as a short term local 
solution. However, there appears to be a wide demand 
for this type of device and it has been developed 
further and patented. Work towards its manufacture 
by Australian industry is at an advanced stage. When 
used throughout the Telecom network, this cord loop 
attenuator will save in excess of $500,000 per year. 

There is potential for world wide sales of the device. 

TRL is continuing to examine the theoretical and 

practical aspects of reliability and further application of 
this type of device. 

Geoff Stone using lasers to research the WDM technology for network switching. 

earity in the glass waveguides. 
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