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4.2 Architecture of non-NGN Based IPTV 
 

The general Triple Play architecture (Figure below) usually consists of the 
following parts [4]:  

• Service platform domain including IPTV middleware (non-NGN) 

• Transport network 

• Access network  

• Home network and CPEs 
 

 

General IPTV architecture 

 

The Triple Play service platform usually contains several less independent parts of 
complex service architecture: 

• Content acquisition subsystem which allows to receive, process, and encode 
content from external sources to defined media coding and encapsulation 
(receiver and decoders infrastructure, IPTV headend, VoD import and pre-
processing). 

• Content distribution subsystem responsible for retrieving, protecting, 
distributing, storing and delivering of the content by preferred way to the end 
user’s system (user equipment). 
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• IPTV middleware contains the application servers which control and manage 
the whole IPTV infrastructure (servers, databases, frontend, backend systems, 
interfaces to external systems e.g. OSS/BSS), users and services. Part of the 
application platform could also be additional IPTV applications or gateways 
allowing limited interaction with other systems (e.g. VoIP, NGN). 

• Service selection and discovery subsystem which allow the user to browse and 
find via user TV portal an appropriate content or service information 
(metadata) which he would like to watch (could be part of IPTV middleware). 

• VoD, nPVR or other subsystems – specialized subsystem infrastructure 
required for dedicated services (Video on Demand or network based personal 
video recording service). 

 

For the Triple Play contains tree type of services – video, voice, data – the 
connection to internet services and voice service platform is required (e.g. over 
VoIP gateway). 

There is no single approach to the IPTV service provisioning. Due to huge costs 
involved in the network equipment, operators usually follow incremental 
approaches to network upgrading, always relying on existing premises and 
procedures. Therefore the way a new NGN service is provisioned, it clearly 
depends on the history of the operator. Therefore there are a lot of differences 
from solution to solution and also to operator specific transport, access and home 
network design. 
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4.3 Architecture of NGN Based IPTV 

The major players in any IPTV delivery chain consist of content providers, service 
providers, network providers, end-users. Content provider is a source of content as 
for example TV stations, studios, content aggregators, etc. The IPTV platform 
usually own by service provider has to provide all functions necessary for control 
and delivery of IPTV services over network infrastructure (network provider) to 
end user.  
 

Main blocks NGN based IPTV platforms are following (Figure below): 

• Application functions 

• Service control functions and User profiles 

• Media control and delivery functions 

• Supporting, management and security functions 

• End user function 
 

 

High-level architecture of NGN based IPTV functional 

 

Application functions can include several service logics of the IPTV services, 
mechanisms for service discovery and selection to find right services and content, 
also help to interact with other application and external systems.  

Service Control Functions provides functionality for authentication, 
authorization of service requests. This function is also responsible for the setup 
and control of all the IPTV services. It can also reserve resources towards 
transport control functions. 

User Profiles contain user data and user profiles related to user’s services.  
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Media Control and Delivery functions has received content and media streams 
from content provider and then control and provide media processing, media 
delivery, content storing, transcoding and relaying of content. 

End-User Functions represent home network and user equipment as for example 
end devices (e.g. TV with set-top-box, mobile, etc.) but also home networking 
part including Home Access Gateways. 
 

 

The greatest advantage of NGN based IPTV architecture is possibility integrate 
IPTV services with other NGN services, reused existing NGN capabilities, better 
utilized resources, personalization of services and mobility. 
 

 

NGN/IMS function which can be re-used for providing IPTV: 

• User registration and authentication, 

• User subscription management, 

• Session management, routing, service triggering, numbering, 

• Interaction with existing NGN service enablers (presence, messaging, group 
mng.,etc.), 

• QoS and bearer control, 

• Mobility, FMC capability, 

• Charging and billing, 

• Security and management mechanisms. 
 

 

There are IPTV specific functions which have to be additionally described: 

• Service discovery & selection, presentation, e.g. EPG, 

• Service & Content protection, e.g. DRM and CAS, 

• Service & Content management, managing the services and contents in the 
Content Provider   domains and/or the Service Provider domains, 

• Content distribution, delivery and locating control, 

• Multicast support and control, 

• VCR control, e.g. play/pause/fast-forward/rewind. 

The producing of specification is usually defined by standardization bodies in 3 
stages: 

• Collect Service and system requirements, service use cases, 
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• Define functional entities and architecture, reference points, service 
procedures, 

• Specify the implementation, signaling flows, protocols details. 
 

 

The producing of specification is usually defined by standardization bodies in 3 
stages: 

• Collect Service and system requirements, service use cases, 

• Define functional entities and architecture, reference points, service 
procedures, 

• Specify the implementation, signaling flows, protocols details. 
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4.4 NGN Integrated IPTV (non-IMS) 
Architecture  

The Concept of NGN integrated IPTV subsystem architecture (formerly in 
Release 2 called NGN dedicated IPTV subsystem) describes how to integrate 
IPTV functions into the NGN architecture. TISPAN NGN Integrated IPTV 
subsystem is what ITU-T or ATIS call non-IMS NGN based IPTV. The proposed 
architecture focuses on closer integration between IPTV services and features 
with NGN network and its subsystems (NASS, RACS, UPSF) but also migration 
scenarios from existing solutions (i.e. DVB-IPI, ATIS-IIF) into TISPAN NGN 
and common components (Figure below). Several parts of system are complied 
and based on existing standard like those from DVB-IPTV and in fact DVB 
recognizes this solution as potential architecture for easier implementation and 
interworking as with IMS based IPTV [36]. 
 

Core IPTV function: 

• Service Discovery & Selection (SD&S) 

• IPTV Control (IPTV-C) 

• Client Facing IPTV Application (CFIA) 

• IPTV User Data Function (IUDF) 

• Media Control Function (MCF) 

• Media Delivery Function (MDF) 

• User Equipment (UE) 
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Simplified TISPAN NGN dedicated IPTV subsystem functional architecture 

The user can have (using his user equipment – UE, like a set-top-box STB) access 
to the service description (e.g. Electronic Program Guide) via SD&S service 
selection and discovery procedures follow DVB IPTV specification and use http 
protocol over the Tr reference point. The same Tr interface can be used by UE for 
accessing the user interface and service selection over Customer Facing IPTV 
application (CFIA). CFIA provides over Tr http based interface IPTV service 
provisioning, selection and authorization. IPTV control (IPTV-C) is enabled over 
Ct2 interface (http or RTSP control). Media (e.g. content on demand – CoD) can 
be streamed by unicast or multicast over Xd from Media Delivery Function 
(MDF). For media control, as for example the trick play command, RTSP 
protocol is used via Xc by Media Control Function (MCF).  

UE

Transport Processing

Functions

NASS RACS

UPSF IUDF

IPTV Control Function

IPTV-C
IPTV Media

Delivery Functions

MDF

Service Selection
& Discovery

Function

Customer Facing
IPTV Applications

SD&S

CFIA

Media Delivery
Distribution &

Storage

Application &
IPTV Service
Control Functions

Tr

Tr

Ct2

Xc

Xd

Ss’

Sh

Sh

Sh

Ud
Ss

Ud

Sa

e2 Gq’

e4

Xp

IPTV Media
Control Functions

MCF



 84

4.5 IMS Based NGN IPTV Architecture 
 

Second concept for providing IPTV services over NGN architecture is described 
in TISPAN IMS based IPTV [36], [1]. Main difference as name said that IP 
Multimedia Subsystem is used to service and session control of IPTV services. 
Main advantage is reusing existing capabilities (IMS registration, authentification, 
session management, routing, service trigger, identity management, 
personalization, mobility, charging) of IMS and possibility to integrate service 
control layer to unified service control platform by utilization for IMS.  
 

 

Disadvantage of IMS based IPTV is higher complexity and less backward 
compatibility with existing standards (beside that several part of concept reused 
existing standard and protocols). 
 

 

Simplified TISPAN IMS based IPTV functional architecture 

 

IMS based IPTV functional entities (see Figure above): 

• Service Discovery Function (SDF) 

• Service Selection Function (SSF) 

• Service Control Function (SCF) 
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• Core IMS elements (P-CSCF, S-CSCF, I-CSCF) 

• Media Control Function (MCF) 

• Media Delivery Function (MDF) 

• User Equipment (UE) 
 

 

The IMS based IPTV has number of advantages because IMS can act as unified 
service control subsystem for all NGN services instead of establishing an 
additional specialized subsystem (case of NGN dedicated IPTV subsystem). 
Additionally IMS can more naturally support mobility, interaction with NGN 
service enablers (like messaging or presence), service personalization or 
quadruple play services (voice, data, video, mobile). 
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4.6 NGN Based IPTV Services 

Main goal of NGN based IPTV is to provide to end user a comprehensive list of 
converged IPTV services [2]. New generation IPTV services have to provide 
service personalization, interactivity, blending of services, user targeting, 
enhanced accessibility and mobility. 
 

IPTV services can be split to three groups:  

• Basic IPTV services 

• Advance IPTV services 

• Converged IPTV services 
 

 

Basic IPTV services consist of minimal set of IPTV services which are expected 
from NGN based IPTV service provider: 

• Broadcast TV (with or with trick modes) – delivery of linearly broadcasted 
TV channels. 

• Trick Modes – enable control playback and pause, forward, rewind content.  

• Pay Per View (PPV) – user pays for example only for particular show or time 
period not whole TV channel or TV package. 

• Content on Demand (CoD) – user requests content consumption on demand 
(e.g. Video on Demand or Music on Demand). 

• Personal Video Recording (PVR) – user can record content in network 
(network or n-PVR) or locally in STB (client or c-PVR). 

• Electronic Program Guide (EPG) – provides service selection information 
required by the viewer to find and select the programmes to be watched. 

• Parental Control – protection mechanism to limit access to television content 
for children’s in age below rating of programme. 

 

 

Advance IPTV services: 

• Profiling and personalization – feature which enable personalized IPTV 
services based on user preferences and user profile. Provider can also use the 
information about user’s behavior and content consumptions. 

• User Generated Content (UGC) – content produced by the end user with the 
intention to share it with other users. 

• Content Recommendation (CR) – service advisory for favorite shows based on 
user’s preferences and behaviors. 
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• Time Shift TV (TsTV) – user can browse and play from past broadcasted 
content pre-recorded by provider. 

• Personalized channel (PCh) – user specific list of programs that are scheduled 
as playlist for personalized preview. 

• Targeted advertising (TAI) – advertising mechanism which is targeted to 
specified group of user based on his user profiles. 

• Interactive TV (iTV) – service providing interactivity between 
provider/broadcaster and end user or between several users. 

 

 

Converged IPTV services: 

• Convergence of the IPTV and other NGN Service and their interaction (e.g. 
presence based game, incoming call notification, sharing the remote control). 

• Interaction with 3rd Party application (e.g. Parlay) enable interworking with 
3rd party developed applications 

• Interaction with Internet Services (e.g. convergence of IPTV with web 2.0 
services and social media) 

• Service Continuation between IPTV UEs allows park service on one device 
and pick up and continue with service consumption on other one. 

• Service Continuation between Fixed-Mobile and support for 
mobility/roaming, service accessibility cross different access networks and 
terminals 

• Remote control of IPTV services for example control of recordings or content 
recommendations. 

• Hybrid IPTV services (combination of Satellite/Terrestrial delivery with 
IPTV) 
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4.7 Protocols Used for IPTV 

In IPTV networks are used standard protocols SIP, SDP, RTP, RTCP, HTTP 
and DIAMETER for NGN and their combinations [14], [37], [38]. Their 
performance charts are listed in first section (NGN). Specific protocols IGMP, 
MLD and FLUTE are used too. 
 

The Internet Group Management Protocol allows hosts or UE  to participate in 
multicasting (by joining the stream) and describes the basic of multicasting IP 
traffic, including the format of multicast IP addresses, multicast Ethernet 
encapsulation, and the concept of a host group. 

MLD and MLDv2 protocols are designed for use only in IPv6 network. This 
protocol is follower of IGMP in IPv4 networks used for joining some network 
node to multicast group. Multicast groups are separated by different IP addresses. 

The File deLivery over Unidirectional Transport (FLUTE) protocol (RFC3926) 
is a protocol for the unidirectional multicast delivery of files over the Internet.  
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  5  HbbTV (Hybrid Broadcast Broadband 
TV) 

5.1 Introduction 
 

HbbTV (Hybrid Broadcast Broadband TV) is a new industry standard providing 
an open and business neutral technology platform that seamlessly combines TV 
services delivered via broadcast with services delivered via broadband and also 
enables access to Internet only services for consumers using connected TVs and 
set-top boxes [40].  
 

 

You can find a full range of connected TVs nowadays. Every major brand has its 
own IPTV platform, such as Panasonic has VieraConnect or Samsung has Smart 
TV, they are offering a mixture of catch-up services and additional content, such 
as movie trailers, YouTube access, and other applications. 
 

HbbTV is similar to MHEG (Multimedia and Hypermedia Expert Group) it 
means, that an application can be delivered to the TV using a data carousel, too. 
That application can later work with or load additional content from the internet. 
HbbTV is also an ETSI standard (TS 102 796). 

 

HbbTV doesn't depend on a particular broadcast link or on a particular IP link – it'll work with 
either [40] 
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HbbTV applications, however, can be downloaded from an application portal in 
the TV and delivered solely over the internet. So it can support content services 
from providers who don't own broadcast channels. 

Other advantage is that, it is based on technologies that are well known to web 
developers, mainly CE-HTML, a specification that includes XHTML, Ajax, CSS, 
and Javascript (jQuery). Because of that, content providers can build and release 
their apps more quickly. 
 

HbbTV's Javascript API was extended to provide TV functionality, such as 
handling channel changes. This standard expects that host TVs have a minimum 
display resolution of 1280x720. 

 

The HbbTV specification corrals standards and technologies, including CE-HTML, DVB and 
JavaScript, from many existing organizations, such as the Open IPTV Forum and the W3C [40] 

 

The HbbTV specification also contains a contribution from the Open IPTV 
Forum, which has defined a set of audio and video formats that should be 
supported. HbbTV relies on the AVC (H.264) codec for both standard and high-
definition video, with either E-AC3 or HE-AAC for audio. Audio streaming 
services use either MP3 or HE-AAC. 
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5.2 Services 

Services delivered through HbbTV include  

• enhanced teletext,  

• catch-up services and video-on-demand (VOD),  

o Catch up TV is a term used to describe VOD in which TV shows are 
available for a period of days after the original broadcast. 

• Electronic program guides (EPG),  

o provide users of television, radio, and other media applications with 
continuously updated menus displaying broadcast programming or 
scheduling information for current and upcoming programming 

• interactive advertising,  

• personalisation 

• personal video recording (PVR),  

o similar to a VCR but records television data in digital format  

• voting and games,  

• social networking, other multimedia applications 

 

Example of HbbTV service 
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5.3 HBB–NEXT 
 

HBB-NEXT seeks to facilitate the marriage of the broadcast and Internet world by 
researching user-centered technologies for enriching the TV-viewing experience: 
Multi-user tailored content recommendations, access via multiple devices, social 
media features, or user generated content [41]. 
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5.4 Multiple-User Environment 

In the area of catering for multiple users, the HBB-NEXT Service Personalization 
Engine will be developed. It will provide multi-user content recommendations, 
multimodal interaction and content awareness. The concept foresees a front-end 
functionality with a multi-modal user interface for a multi-user environment and 
a back-end providing context-aware multi-user content recommendations. 
 

Multimodal interfaces promise to allow users to enter requests and information 
using any of input modes such as a mouse, keyboard, handwriting, speech, and 
gestures. Speech and gestures are great candidates to fulfil many operation tasks 
which have been previously possible only by using controller. Multi-speaker 
identification aims to identify more speakers based on a recorded signal that may 
contain utterances of more individual. 
 

 

Using multilevel authentication the user can be authenticated by face (2D, 3D, 
Iris), speech, gestures and not only by using personal code (pin code, password, 
etc.). 3D face detection has more possibilities than 2D detection. In 3D detection 
face curves are very important as the technology is virtually "touching your face". 
It is far more difficult to cheat the 3D technology.  
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5.5 Multiple Devices 

The synchronization and presentation of different audio and video sources on 
single and multiple devices are required. HBB-NEXT will provide solutions to 
this.  
 

Furthermore, resource/computing limitations of mobile devices need to be 
overcome. This will be done by employing an offloading mechanism and cloud 
computing solutions so that low performance video devices may serve all HBB-
NEXT features also on heterogeneous devices. 
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5.6 Identity And Trust 

HBB-NEXT will enhance multimodal and multilevel user identification 
technologies. The project will also focus on developing a trust management 
framework for HBB applications. This framework will be defined by 
a comprehensive trust and reputation management solution. All these objectives 
aim to maintain a high level of security and protection for end-user, service 
developers and the platform itself. 
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5.7 Standardization 

The founding members of the HbbTV consortium together with a large group of 
supporters jointly developed the HBBTV specification to create a global standard 
for hybrid entertainment services. Version 1.1.1 of this specification has been 
approved by ETSI as ETSI TS 102 796 in June 2010. 

The HbbTV specification is based on existing standards and web technologies 
including OIPF (Open IPTV Forum), CEA, DVB and W3C. The standard 
provides the features and functionality required to deliver feature rich broadcast 
and internet services. Utilizing standard Internet technology it enables rapid 
application development. It defines minimum requirements simplifying the 
implementation in devices and leaving room for differentiation, this limits the 
investment required by CE manufacturers to build compliant devices. HBB-
NEXT is the next step that will enhance existing standard by multiple – user 
environment, use of multiple devices (even mobile devices), new ways of 
interactions and security.  
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  6  CDN (Content Delivery Network) 

6.1 Introduction 
 

Content Delivery Network (CDN) is a network, which consists of huge number of 
distribution points (called nodes). This network is running over the Internet 
network and can defectively deliver huge amount of content to huge amount of 
recipients.  
 

 

The most popular usage of these networks is distribution of software updates. 
 

CDN is owned by a CDN provider, which is responsible for content distribution, 
which is ingested by a CDN customer.  
 

The advantage of CDN is in resource sharing, because if every software developer 
wants to distribute updates over his customers in Internet, he must build system of 
servers, maintain and operate its. Then there will be numbers of parallel systems 
to the same point. This overlap and low utilization of nodes will increase the 
price/usability ratio. Distribution from one central point will use huge amount of 
capacity for transferring the same thing many times. 
 

CDN network is organized in two layers: 

• control layer – mostly central node, which is used for content ingestion and 
distribution over the distribution layer. It is also responsible for Authentication 
and Authorization functionality if implemented.  

• distribution layer – forest of nodes, distributed over many locations. 

CDN distribution is split in two methods:  

1. on-line – is the same as multicast, all recipients get the same data at same time.  
 

Good example is sport match, when every customer wants to see the match with 
minimal delay (acceptable value is tens of seconds). 
 

2. off-line – information which generation has started and ended in the past. Off-
line distribution can be split in two types of delivery methods: download, 
streaming.  
 

Example can be well known video stream (YouTube) or distribution of updates. 
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6.2 Nowadays CDNs in World  

CDNs are now currently implemented as a separate commercial product. To 
provide unique functionality and effective operation, CDN operators have 
implemented their own algorithms and transfer protocols. There also exists 
commercial software for CDN creation at own premises of Telecommunication 
operators and other companies interested in own CDN implementation, e.g. 
EdgeCast [42]. 
 

Open-source projects are based on activities of single projects, which have 
developed their own CDN networks based on open source software. Every 
volunteer can join this network with his own server or cluster. This new server 
will became a new node of open CDN and will be controlled by this open CDN 
network management. 
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6.3 Content Flow 

Nowadays, the Internet content based service are being split in main parts: 
Content, Service, Network (Transport), Consumer. All these entities have clear 
relations among them, which defines clear content flow from a content originator 
(author) to a content consumer. These parts are provided and represented by 
adequate entities. Content is originated from the author. Then the author passes 
content with right to a content provider. The content provider will then provide 
content to service operators. Service operators are offering service consisting of 
content to the end customer via network. Network is provided by a network 
operator. Not all the entities are necessarily separated from each other. Mostly, the 
service provider and network operator are the same entity or the content provider 
also operates the service. 



 102

6.4 Control Layer 
 

This layer is responsible for a management of content distribution, content 
ingestion, reporting, logging, request routing function.  
 

Every CDN have some capabilities for content delivery methods, content 
adaptation and content security. All these information are very important for 
content transfer from a source to the consumer.  

• Delivery methods – by delivery methods, we understood different methods for 
content transfer from distribution node to end consumer.  

• Content adaptation – is set of methods, which can be used to change original 
information to form, which is more useful for transfer over real-time channel. 

• Content security – is set of rules and mechanisms for protection of content 
including access authorization, digital rights management, copy protection, 
watermarking, … 

 

It is very important to map, which area can be served from which distribution 
node or network. In IP network this is done by a routing table, where every item – 
subnet is described by a network address and network mask. In CDN networks the 
address and size is defined in one parameter called a footprint. The footprint can 
be potentially any information about coverage like geographical area [43], Internet 
provider [44], etc. There exists a footprint table which contains list of all 
footprints with their distribution nodes.  
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6.5 Distribution Layer 
 

This layer is responsible for content delivery to the consumer. It consists of huge 
number of delivery nodes, which can be organized also in clusters. We can call 
these nodes or clusters as distribution points. 
 

Every distribution point contains big storage capacity on local or external disk 
arrays. This capacity is used for the content storage.  

File based content 
 

File based content is sequence of bytes which have started and ended in the past.  
 

 

File based content can be downloaded without QoS, but almost always requires 
zero tolerance to change or modification at any level of content.  
 

This type of content is majority of all content delivered over the Internet and also 
over the CDNs. For this purpose the ideal transfer protocol is HTTP, which is 
widely used in current Internet. 

Stream based content 
 

A stream is sequence of bytes which started and ended in the past. 
 

 

The stream based content contains useful information per parts, so it can be 
transferred continuously and during the transfer it can be also consumed. 
Streaming content is mostly sensitive to QoS of transfer channel, especially to 
delay and jitter.  
 

Typical content of this type is a media stream. In contrast to data transfers in 
Internet the video and audio content is becoming more and more popular. CDN 
like part of Internet is helping to fulfill these requirements by spreading the 
content and the load over more location and distribution points. 

Media consumers are sensitive to audio information, because every country is 
using different language. To save resources in the network it is effective to 
transfer only that audio stream which contains required language. To do this 
a distribution point can contain content with video stream and multiple audio 
streams. Only one audio stream (elementary stream) is transferred to consumer in 
a session according consumer set up. Every elementary stream can be transferred 
over different paths from source to destination. 
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The same concept can be also used for multiple angle content, where single 
content is recorded from more video cameras from different angles (views). Again 
only video is transferred from distribution point to consumer. 

Live stream based content 
 

This stream is a sequence of bytes which have started in the past and is not 
finished until now and continues.  
 

 

Because this stream is live, it cannot be cached for further streaming and all the 
efficiency in content distribution is in single transfer over the same parts of 
network. 
 

 

Live stream distribution without CDN and with CDN distribution 
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More clear explanation would be on simple example: imagine that two consumers 
in Europe want to see live video show from China Olympic Games. In a normal 
unicast network, which Internet is, the stream will be duplicated at China at 
a streaming platform and transferred to consumers in two separate streams 
(Figures above). 

By redirection of consumers to CDN, CDN can join the video stream from China 
Streaming server, transfer it to its location in Europe (Figures above). The 
consumers then connect to CDN and stream is duplicated in CDN distribution 
point and transferred to the consumers in two separate streams, but only inside the 
European network. This concept can save Internet connectivity from Europe to 
China. In this case bandwidth is 1/2 of previous concept. If there are three 
consumers of same content saving is 1/3 of previous concept, etc. 
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6.6 Federated CDNs 
 

It is very hard to deploy global international network, which is split over the 
whole globe. CDN benefits from huge number of delivered content (bytes). More 
bytes delivered by certain platform are increasing utilization of network; therefore 
the price of one transferred byte is lower. Lower price per byte brings more 
customers, which brings more number of content which is delivered to the 
customers. More content will consume more bytes for delivery. As we can see the 
pricing process is rounded in one loop without small external impact. This loop is 
“responsible” for creation of big CDN players, which are controlling the market. 
 

Telecommunication operators are losing market share day by day and 
international global service providers (Akamai, Globix, Limelight ...) are 
overtaking the service market. Telecommunication operators are pushed to role of 
a network provider “cable owner”. This situation is unwanted for 
Telecommunication operator and therefore they are investing afford to value add 
services like CDNs. 
 

Under CDN federation, there is huge number of initiatives driven by CDN owners 
and mostly by telecommunication operators [45], [46]. Federation is way of CDN 
interconnection, where content can be copied from one CDN to another. Then, the 
end user can be served by both CDNs by content originated network or by 
federated network. 
 

 

Few federated networks act and look like one robust CDN from user perspective 
and from content provider perspective. 
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  7  Optical Technologies 

7.1 Optical Networks 
 

A development of single-mode optical fibers with nearly unlimited bandwidth 
opens a massive development of long-haul and metropolitan optical networks of 
the point-to-point type. Using optical cables allows tremendous decreasing of 
costs to network facilities and maintenance and dramatically increases a quality of 
services. Many business companies have now an access to services providing 
through optical fibers. In spite of their advantages, optical cables were not very 
used in access networks – in a network segment that starts in the central point and 
finishes at subscribers. Because this segment was usually based on utilizing of 
metallic homogeneous lines, high-speed services available for residential 
subscribers and small businesses are limited by possibilities of xDSL and HFC 
technologies. 
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7.2 Optical Access Networks 
 

A main barrier of service provisioning by means of optical fibers directly to 
residential and business customers are costs of connecting subscribers to the 
central office. A large number of point-to-point connections could require many 
active components and a large number of optical fibers. This leads to enormous 
increasing of installation and maintenance costs. An attractive solution of these 
problems is the FTTx (Fiber To The x) architecture. The Passive Optical Network 
(PON) together with the FTTx allows some customers to share the same 
connection without any active components. 
 

 

Optical access network architectures should be simply and the network should be 
simply from a viewpoint of the activity and services. It means that passive 
architectures without any switching and controlling are preferred to active 
architectures. Moreover, the optical network unit (ONU) should be very simply 
for decreasing of costs and for improving of the reliability. Components used in 
the ONU should be able to operate without any temperature controlling. These 
rules exclude a using of more sophisticated lasers and other optical components in 
the ONU. An equipment of the optical line termination (OLT) can be a little bit 
more sophisticated, because it is places in the controlling environment and costs 
are amortized between many subscribers.  
 

 

Optical networks suggested for this application are together called passive optical 
networks PON. They use a particular form of passive components as the remote 
node. Their main advantages are reliability, simplicity of maintenance and an 
absence of power supplies. The passive optical networks PON divide a signal 
from one central transmitter between various outgoing fibers, each forwarding to 
the separated receiver in the particular customer location. Separated receivers 
from customer locations send signals to the central distribution point, so user 
share a total transmission capacity of the system. A key advantage of this 
approach is using only passive components in the outdoor distribution network. 
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7.3 Optical Access Networks – PON Concept 
 

The PON is essentially a two-way point-to-multipoint system [1], [47]. The 
downstream data signal originates at a central point with a single transmitter. 
Passive optical couplers divide this signal among output fibers that distribute the 
same signal to all customers. The receiver at the customer end selects only the 
data directed to that terminal, discarding data directed to other users. Thus the data 
stream from the transmitter is divided among users. Each customer terminal has 
its own transmitter, all of which can return upstream signals to the central 
distribution point. The upstream transmission may go through the same fibers as 
the downstream transmission, or through.  
 

Because all the signals go back to a single receiver, separate time slots are 
assigned to the transmitters at each subscriber terminal so they don’t interfere with 
each other. The feeder cable transmits optical signals between a central office and 
a splitter that allows a number of ONTs to be connected to the same feeder cable. 
The ONT is required for each subscriber and provides connections for various 
services. Because the one FTTx infrastructure usually provides a service for up to 
32 subscribers, many of such networks are required for the community service 
provisioning. There exist different architectures for connecting of subscribers to 
the PON. The simplest one uses only one splitter, but in others also more splitters 
can be used.  

Optical terminals 
 

The central distribution terminal serves as the central controller for the passive 
optical network and provides an interface with the outside world. Many of these 
terminals can be assembled in one location, each serving its own group of 
subscriber terminals. The FSAN standard calls this controller and transmitter 
jointly as an optical line terminal OLT. Terminal at the subscriber end are called 
optical network terminals ONTs and they provide interfaces between the network 
and the subscriber’s equipment. Losses inherent in the signal splitting limit one 
OLT to serving no more than maximum 32 ONTs.  
 

The downstream transmission 
 

The standard PON works at two or three wavelengths. The OLT includes 
a distributed-feedback laser transmitting downstream at 1550 nm, which couples 
more than a miliwatt into the output fiber. Each cell or packet in the downstream 
signal carriers the address of its destination terminal. Passive splitters divide the 
light among all terminals, but each terminal only reads those packets addressed to 
it. The downstream data transmission also provides timing signals needed to 
control the upstream transmission. The OLTs can use relatively expensive 
1550nm transmitters, because each PON requires only one of them. However, the 
PON requires many more ONTs, so they must be relatively inexpensive, and 
operate in the less-controllable environment of the customer site. This led to the 
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choice of lower-cost1310 nm transmitters for the upstream channels. The FSAN 
standard also provides for a third wavelength channel at 1490 nm. 
 

In a central office (a head end) for the PSTN and data networks, interfaces to the 
optical distribution network ODN through the optical line terminal OLT are 
located. The downstream 1490 nm and upstream 1310 nm wavelengths are used 
for the data and audio transmission. An optical transmitter of video signals 
converts signals of video services to the optical format at the 1550 nm 
wavelength. The WDM (Wavelength-Division Multiplexing) coupler and together 
transmitting by the downstream combine the 1550 nm and 1490 nm wavelengths. 
Summary, three wavelengths transmit different information signal simultaneously 
and in various directions over the same optical fiber. The transmission rates 
depend on the chosen applications, software allocates a transmission capacity to 
each terminal dynamically, and so it can be changed as necessary. 

The upstream transmission 
 

In the upstream transmission, the PON is the multipoint-to-point type. For 
avoiding of data collisions from different ONT signals incoming to a splitter in 
the same time, the TDMA approach is used. The TDMA can transmit data bursts 
from each ONT back to the OLT in a concrete, specified time. Each ONT 
transmission time slot is legitimate by the OLT so that packets from different 
ONT don't overlap with others. The upstream transmission goes through 
a network of fibers that are combined with passive couplers, so all transmitters 
send their signals to one receiver in the OLT. To keep these signals from 
interfering with each other, the PON uses a time-division multiple-access protocol 
TDMA that assigns different time slots to each ONT.  
 

Each subscriber terminal turns on and transmits signals upstream during its 
assigned time slot, then switches off so the next can begin transmitting. The 
control software allocates these time slots and the downstream transmission 
provides the clock signals to synchronize the upstream transmission by all 
subscriber terminals.  

The fiber architecture 
 

All PONs utilize single-mode fibers with signals divided by splitters. The 
placement and number of splitters depend on a system design – 1x8, 1x4 and 
1x8... The splitters are purely passive devices that require no power, so they can 
be placed in spliced cases or enclosures anywhere between the distribution center 
and the subscribers. The FSAN standard provides for both single- and dual-fiber 
systems and each have their attractions. 
 

A single-fiber system reduces fiber costs by transmitting upstream and 
downstream signals through the same fibers. The trade-off is that it requires 
wavelength-division multiplexing (WDM) optics on both ends of the system. A 
dual-fiber (two-fiber) system is avoiding the added cost and complexity of 
a WDM optics, utilizes the ability to dedicate the first fiber to a downstream 
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distribution of analog video signals for a cable television and the second fiber to 
a digital transmission of audio, data and digital video signals. 

FTTx Architecture 
 

The PON technology can be involved in all architectures of the FTTx type that 
offer a mechanism for allowing of sufficient network bandwidth to deliver of new 
services and applications. The PON network can be common for all these 
architectures. A question is a placement of active electronic in the outdoor 
environment. Only in the case of the FTTH/B configuration, all active 
components are apart from the outdoor environment. The FTTCab and FTTC 
architectures require active electronics in the outside environment to be placed in 
a cabinet or in a curb [2]. 
 

 

Equipment at the central office are connected to the PSTN network, equipped by 
ATM or Ethernet interfaces, and connected to a cable interface or to a satellite 
receiver. All these signals are then combined for inputting onto the one fiber by 
using of WDM elements and transmitted to end customers through a passive 
optical splitter. A splitter ratio can be in a range up to 32 subscribers without 
using active components in a network. A signal is then delivered to the house over 
the individual optical fiber. In equipment at the users end, an optical signal is 
converted into an electrical form by using of OEC converters and at the same time 
the OEC transforms a signal in service demanding by end users. Ideally, the OEC 
should have standard user interfaces without requiring special set-top boxes. Main 
advantages of next FTTx architectures are above all facts that they are passive 
networks without any active components between a central office and users, they 
are using only one optical fiber per end user, they have local battery backups and 
low power consumption, they are reliable, scalable and secure. 
 

Various implementations of the FTTx 

Multimedia and Internet services drive the need for higher bit rates (some Mbps) 
to the home. To ensure that the loop plant of the future will be and remain 
bandwidth-scalable, fiber-optic cables are replacing metallic cables wherever 
possible.  
 

Depending on where the fiber is terminated, this technology is known by different 
names such as: 

• Fiber-to-the-home (FTTH) – if the fiber reaches the premises of the end user 
where it is also terminated 

• Fiber-to-the-curb (FTTC) – the optical fiber is situated from the central office 
to the optical splitter and then to a small cabinet at the curb that is close 
approximately 200 m to the subscriber and where a signal is converted back to 
its electrical form. 
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• Fiber-to-the-cabinet (FTTCab) – the optical fiber is situated from the central 
office to the optical splitter and then to a cabinet at the neighborhood that is 
close around 1 km to the subscriber and where a signal is converted back to its 
electrical form for a signal transmission over metallic homogeneous lines to 
the subscriber.         

• Fiber-to-the-desk (FTTD) – if the fiber is terminated directly at the desk or 
even at the PC. 
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7.4 Metropolitan Optical Access Networks  
 

Metropolitan network is important part of NGN. Such a network serves for 
concentration of traffic from several local networks and switches it into core 
network. Looking on contemporary networks, metropolitan networks are 
bottleneck. Traditionally, these networks are based on simple topologies, like 
circle or star. They deploy optical fiber in conjunction with WDM technology to 
provide sufficient transport speed. 
 

STARNET is one of the well-known examples of star topology. This network is 
based on broadcast of data from central point. Such data are sent and receiver 
selects only data addressed to it. Ring based networks are even more interesting, 
particularly RPR (Resilient Packet Ring), which has biggest potential of 
application, are certainly most important.          

RPR 

RPR has been proposed to respond to the problems of both SONET and Ethernet 
in MAN environment. Resilient Packet Ring (RPR) is the technology proposed for 
packet oriented MAN network established over ring architecture using optical 
fiber. RPR has been standardized by IEEE as 802.17 standard [48], [49]. 
 

RPR architecture (Figure below) is composed of two rings oriented in different 
directions. Advantage is that each node can communicate with both neighbors 
directly without necessity for whole ring way. Each packet controls traffic passing 
through the node. In the case, when the packet is aimed at it, the node drops it 
from the ring. Otherwise, it passes transparently through this node. In the case, 
when the node wants to add a new packet to the ring, it can do that only in the 
case, if there is enough long gap on the ring. The gap can be created also by 
dropped packet. 
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RPR architecture 

 

RPR can be characterized by following properties: 

• ADM (Add Drop Multiplexer) architecture. Each RPR equipment behaves like 
add/drop member, what means that it can add and also drop packets to the 
ring.  

• Universality of physical layer. RPR defines only 2nd layer of ISO OSI model. 
The physical layer is not defined within the standard, what allows possible 
interoperability with other solutions like Ethernet, SONET, or DWDM.  

• Resiliency – thanks to the deployed technologies, RPR reaches extremely low 
protection times (lower than 50ms). In this case, the packets are routed in the 
opposite direction.  In such case, the packets reach their destination. 

• Equity in bandwidth distribution. RPR contains algorithms regulating 
bandwidth use and medium access.  

• Broadcast and multicast. Ring topologies are ideal for multicast and broadcast 
implementation.  

• Service provisioning without extensive configuration. Comparing to SONET 
no pre-configured circuits are necessary. 
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7.5 Optical Transport Networks 

On present days, optical technologies utilizing optical transmission media 
dominate in the transport level of telecommunication networks. Except an 
evolution of low-loss optical fibers, various optical components needed to realize 
optical-fiber transmission systems have been developed. The penetration of 
optical technologies into the various network levels is schematically illustrated in 
Figure below. 

 

Penetration of photonic technologies into network levels 

 

Optical technologies were first applied to transport networks, because these 
technologies are best suited to this application, which requires long-distance and 
wide-bandwidth transmission. Moreover, costs of the system are shared by many 
users (connections). Thus, the transport transmission cost per bit is much lower 
with optical media than with metallic media. Primary applications of optical 
technologies realize only point-to-point connection [50], [51]. However, to create 
large-bandwidth end-to-end connections cost-effectively, it is essential to reduce 
not only a transmission cost, but also a transport node cost. A key role in reducing 
both costs is playing by optical technologies that can be developed also in local 
area networks, in optical networks of the type Ethernet, FDDI or Fiber Channel. 
From first introduced optical-fiber transmission systems in 1981, a transmission 
capacity has been increased more than one order of magnitude per decade. This 
has resulted in a more than 90% reduction on a cost in this decade. The continued 
enhancement of electronic devices has also driven research into a high-speed 
transmission, so a rapid progress to multi-Gbps transmission systems is allowed. 
Another technology that must be emphasized is a technology of optical amplifiers. 
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Their advantages including a wide bandwidth, a low noise, a high gain/power 
ratio and an easy connection to single-mode fibers greatly increase an application 
range of optical transmissions by overcoming the optical loss of signal 
transmission, devices and optical components. Furthermore, new optical 
technologies – a soliton transmission, a dense wavelength-division multiplexing 
DWDM, an optical frequency-division multiplexing OFDM and a high-speed 
optical signal processing – have the potential to enable further expansion of the 
transmission capacity and the network flexibility. 
 

1G and 2G optical networks 
 

In first-generation networks, the electronics at a node must not only handle all the 
data intended for that node, but also all the data that is being passed through that 
node on to other nodes in the network. If the latter data could be routed through in 
the optical domain, the burden on the underlying electronics at the node would be 
significantly reduced. This is one of key drivers for second-generation optical 
networks. Examples of these networks are the OTDM and WDM networks. WDM 
networks are expected to be deployed in the next few years, not only in 
interexchange networks and undersea networks, but also in local-exchange and 
access networks. OTDM networks constitute a longer-term approach. 
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7.6 All-optical Transport Network Architectures 

Previously we have discussed that current transport systems are coming to their 
limits. New perspectives are focusing mainly on optical packet switching 
networks, which integrate high bandwidth availability and ability of switching in 
transport layer [52]. While proposed technology isn't mature yet, intermediate step 
between current networks and all-optical networks has been proposed. This step 
combines advantages of optical switching and electronic memories and will be 
discussed later. All-optical network should deploy WDM multiplex on physical 
layer (Figure below).  

 

Model of optical multiservice network (ROM) 

 

To reflect described drawbacks of the optical technology, special structure of 
optical switch has been proposed. The outgoing port of the switching matrix 
chooses which packets are sent to the optical fiber. Therefore, it receives packets 
from all delay lines and using filters, it chooses right packets. The number of 
packets is equal or inferior to the number of wavelengths. This choice is made by 
control unit, which see global state of the node. Proposed switching matrix is 
general and can be used in various ways. The next step is to parameterize it, 
mainly the delay lines.  
 

 

The most important is the length of one delay line. This parameter can be different 
in synchronous and in asynchronous networks. A synchronous network requires 
this value to be set equal to the length of optical packet. On the contrary, an 
asynchronous network sets this constant to the inferior values so that it is possible 
to order packets one after another. 
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As it was said previously, two approaches exist in optical packet switching: 
synchronous and asynchronous switching. It is obvious that they are different in 
their approach to the switching in each node. Synchronous switching takes 
advantage from switching of constant length packets, which are synchronized in 
the nodes. An asynchronous network supports packets of different lengths and 
these are switched without synchronization. In the next subsections, both 
approaches are examined in details. 
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7.7 Synchronous Optical Network 
 

As we have stated above, synchronous optical packet switching network is based 
on switching of constant length optical packets. The architecture of such network 
should take into account this fact. Ingress node into proposed network transforms 
incoming flows into optical packets with format depicted. Optical packet is 
composed of header and of load. Header and payload are separated by guard time 
fields. These fields allow us secure delimitation of the header from payload and 
payload from next header. The beginning of both header and load is composed of 
synchronization bits used for synchronization in nodes. 
 

 

Synchronous optical packet switch 

 

Header contains routing information and is 64 ns long. Guard times are 50 ns long 
each, yielding in 100 ns per packet. The rest of the packet is composed of data. 
Switching node is depicted in Figure above. Optical packets enter to the node and 
are firstly synchronized. Header is afterwards delimited from payload. Payload 
enters delay lines, where it waits until the header is processed and switching 
matrix is parameterized. Afterwards, payloads enter the switching matrix and are 
routed to the outgoing port. Before sending packets, new header is generated and 
concatenated to the header to the beginning of the optical packet. Optical packets 
are of the fixed length and therefore they are transported within fixed length time-
slots. In the same time, it is impossible to guarantee that packets enter the node 
synchronized. Delay variation is affected by many variables, and the most 
important is the temperature. Therefore, there is a need for synchronizations. 
Synchronization can be divided into two groups: coarse and fine. Another 
important issue is the performance of optical switching matrix, when there are no 
optical memories. To improve this parameter, recirculating lines are used. 
Recirculating lines are intended for packets, which do not succeed to find free 
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outgoing port. Such packets enter recirculating lines and they appear at the node 
entry several time-slots later. 
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7.8 Burst Switched Network 

Alternative to the synchronous network is burst switched network. This approach 
is similar to contemporary Internet, where packets are of various lengths. 
Therefore, they can enter the node anytime and there is no necessity for 
synchronization. 

 

Burst switch architecture 

Comparing to synchronous switching, burst switching introduces more flexibility 
but also new problem. This problem is temporal concurrence, which should be 
resolved.  
 

In synchronous networks, only spatial (which fiber) and spectral (which lambda) 
problems were to be solved in each time-slot. In burst network, there is no notion 
of time-slot and consequently packets should be ordered one after another. Even 
more, packets are of variable length. In the situation when one packet is blocking 
outgoing port, another one should wait in the delay lines. From this point of view, 
delay lines should be significantly smaller than mean packet length. Several 
enhancements have been proposed to improve performance of burst network. 
Majority of them consists in introducing new protocol for path reservation. 
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7.9 The WDM Technologies 
 

With progresses in lasers and optical-electrical equipment technologies, it is 
possible to transmit one or more wavelengths on the same fiber. This is known as 
the wavelength-division multiplexing WDM. By adding of wavelengths into the 
same fiber, a transmission capacity and a bandwidth of the optical fiber are 
increasing and, therefore, a need for installation of additional optical fibers is 
decreased. In WDM systems, each used wavelength presents an independent 
channel. From a viewpoint of the WDM deployment in various network types and 
from a viewpoint of the channel spacing, three basic WDM network type are 
distinguished – long-haul, metropolitan, access [53]. 
 

 

Early broadband WDM (BWDM) systems operated with an overall broad channel 
spacing, because two wavelengths were separated and were located in two 
different transmission windows – at the 950 and 1300 nm or at the 1300 and 1550 
nm. Latter wide WDM (WWDM) systems utilized more wavelengths in the 
transmission window and optical channels were usually separated a few of nm – 
the 1275.7, 1300.2, 1324.7 and 1349.2 nm. In present days, these systems can be 
employed in the PON networks with three wavelengths – the 1310, 1490 and 1550 
nm. The most preferable recent dense WDM (DWDM) systems have a channel 
spacing usually not more than couple of nm in a range 1530 – 1625 nm of the 
erbium-fiber transmission window and use necessarily cooled lasers to prevent the 
wavelengths from drifting outside this window or from interfering with each other 
[54]. Latest coarse WDM (CWDM) systems utilize optical channels extended in 
a range 1270 – 1610 nm with a large channel spacing of 20 nm and therefore they 
use uncooled (non-thermally controlled) lasers. 
 

Both – CWDM and DWDM – systems are the WDM types: the dense WDM is an 
implementation in long-haul networks distances and the coarse WDM is an 
implementation in metropolitan and access networks. Different demands for these 
two implementations require different architectures and determine performance 
demands for system components. The goal of DWDM systems is to maximize 
a bypassed distance without an electrical regeneration at amplifier costs spread 
over a maximum number of wavelengths. The goal of CWDM systems is 
minimize a components cost in the system, where a distance is shorter and 
amplifiers are not necessary. 

DWDM systems – wavelengths in the 1530 – 1625 nm range; expensive cooled 
lasers to prevent wavelengths from drifting outside this region and from 
interfering with each other. Increasing of the channel number requires a narrowing 
of the channel spacing in filters, an extended spacing and a using of translators for 
reaching narrower channel spacing and an opening of the new spectral area – 
except a common C-band also a new L-band. 

CWDM systems – wavelengths in the entire 1280 – 1625 nm band; less expensive 
uncooled lasers (cost savings are a direct reflection of the packaging differences 
between DWDM and CWDM lasers). Medium distances without amplifiers, an 
elimination of the EDFA amplifier bandwidth limit allows distributing of 
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wavelengths over a broad region and locating of them sufficiently far between, 
a need for cheap multiplexers, demultiplexers, add/drop and switches (not simply 
retrofitted from DWDM systems) with a low loss, a high isolation and proper 
channel spacing. 

The DWDM and CWDM systems have different sources operating at given 
wavelengths and have different filter for combining of wavelengths onto the same 
fiber at the transmitting end and for separating of wavelengths at the receiving 
end. However, technologies of used filter can be the same. Also, the adding and 
the dropping of wavelengths in midpoints of the system can be performed by the 
same technology for both systems. A main difference is in channel spacing – the 
DWDM channel spacing can be nearly 0.2 nm, the CWDM channel spacing is 
usually 20 nm. Therefore, it is possible to consider about a practical utilization of 
the CWDM/DWDM combination.  

The CWDM is an alternative to expensive and complex DWDM-based 
architectures because it provides an occasion to continue in a direction given by 
the DWDM technology to all optical networks. An advantage of the DWDM in 
eliminating of expensive regenerators is not used in metropolitan networks, where 
optical amplifiers are not required or where block modules with cheap uncooled 
laser pumps easy satisfy demands on distances in a majority of metropolitan 
circuits and paths. 

The CWDM varies from the DWDM in broader optical channel spacing between 
light sources that are multiplexed into the same fiber. As well, CWDM 
transmitters/receivers use an optical multiplexing technique for reaching serial 
equivalent data rates, whereas the DWDM multiplexes many serial data streams 
for reaching a bandwidth up to hundreds of Gbps. This is reached by using of 
a thermal control in the DWDM channel spacing. This exact spacing control 
allows combining a large number of separated channels. The typical CWDM 
system has spacing in order of some nm (some THz) and doesn’t require a thermal 
control. So, CWDM transmitters/receivers without a thermal control have directly 
modulated lasers and include lower-speed components for reaching of higher data 
rates. 
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7.10 The WDM Architectures 
 

WDM network architectures [53] can be classified into two broad categories: 
broadband and select architectures and wavelength routing architectures. 
 

 

A broadband and select (B&S) WDM network has different nodes transmitting at 
different wavelengths. Their signals are broadcasting by a passive device in the 
middle of the network to all the nodes. In this case, this device is a passive optical 
star coupler. The coupler combines signals from all nodes and delivers a fraction 
of the power from each signal on to each output port. Each node employs 
a tunable optical filter to select the desired wavelength for reception. 
 

This form of a network is simple and suitable for use in local- or metropolitan-
area networks, such as access networks. The number of nodes in these networks is 
limited because the wavelengths cannot be reused in the network and because the 
transmitted power from a node must be split among all the receivers in the 
network. 
 

A more sophisticated and practical architecture today is that employs 
a wavelength routing. The nodes in the wavelength routing (WR) WDM network 
are capable of routing different wavelengths at an input port to different output 
ports. This enables us to set up many simultaneous light paths using the same 
wavelength in the network; that is, the capacity can be reused spatially. These 
light paths all use the same wavelength on every link in their path. This is 
a constraint that we must deal with if we do not have wavelength conversion 
capabilities within the network. This architecture also avoids broadcasting the 
power to unwanted receivers in the network. Thus these networks are suitable for 
deployment in metropolitan- and wide-area networks, such as local-exchange and 
interexchange networks. 
 

Ideally, all the functions inside the node would be performed in an optical domain, 
but in practice, certain functions, such as a processing the header and a controlling 
the switch, get relegated to an electronic domain. This is because of the very 
limited processing capabilities in an optical domain. The header itself could be 
sent at a lower bit rate than the data so that it can be processed electronically. 
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7.11 Development Trends in Transport WAN 

Contemporary technologies are coming to their limits in bandwidth provisioning. 
Therefore, evolution trends in transport networks use more intensive new 
technologies deployment. These new technologies concern mainly optical 
networks latest research: WDM circuit switching networks and optical packet 
networks.  

 

Various levels of wavelengths conversion 

Few decades ago, metallic cables were used for long distance data transport. They 
were replaced by optical fibers characterized by better quality parameters (error 
ratio, attenuation and higher bandwidth). Results of the research allowed even 
more efficient bandwidth use thanks to WDM multiplex.  
 

WDM means that several wavelengths can be transported in parallel via one 
optical fiber. It is similar to frequency multiplex in classical networks. WDM is 
based on parallel transport of data on different wavelengths using one fiber. 
Therefore, wavelength can be used as supplementary information concerning 
packet routing. Data can be transported using one wavelength between end-points, 
but it is possible to use wavelength conversion in the nodes. Level of wavelength 
conversion in the nodes expresses also level of flexibility of WDM networks. It is 
possible to have WDM network without possibility of wavelength conversion, 
partial conversion and full conversion (Figure above). Event more, conversion can 
be implemented only in some nodes. Such approach leads us to serious problem, 
which is known as RWA (Route Wavelength Assignment). This problem is 
formulated how to optimize wavelength use between points in the network, which 
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topology is known to maximize transported data and minimize PLR. Well-
resolved RWA problem can also help with network topology design by 
minimizing degree of conversion. Let us stress that with increasing level of 
conversion in the network also management complexity and price increases. 
WDM is relatively new technology, but researchers are already preparing next 
step, which is optical packet switching network. In this case, we are talking about 
all-optical network, where data are transported via proposed network without 
being converted into electrical form. 
 

Optical packets are created at the ingress node and original electronic packets are 
formed at egress node of the optical network. As we show later, all-optical packet 
technology is too revolutionary. Therefore, an intermediate step has been 
proposed. This step uses optical switching matrix, but includes electronic 
memories. 

 


