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EXECUTIVE SUMMARY 
 

The MUSE consortium develops solutions for a low-cost full-service access and edge 
network, which enables the ubiquitous delivery of broadband services to every European 
citizen. The access network sees many architectural changes and evolves from basic high-
speed Internet service, single-edge, single-provider and limited QoS to multi-service offer, 
multi-edges, multi-providers and enhanced QoS mechanisms. The sub-project B solution 
answers this evolution by proposing a smooth transition from the existing access networks. 
As part of the access platform covered in the workpackage WPB1, the TVoIP head-end and 
its associated TVoIP gateway is new edge element of the access platform. It was first studied 
and specified in DB1.1 and then it has been implemented and integrated by Nextream witch 
is the Business Unit of Thomson.  

The scope of the present Deliverable “DB1.7p Functional blocks for TvoIP gateway ready 
and integrated” is to describe the IP gateway implementation with a focus on the 
implementation of the interface for MPEGoIP in an Ethernet aggregation network (protocol 
encapsulation + QoS features) and the test results. 

 
The TVoIP gateway is the element developed while the other TVoIP head-end elements are 
reused. 
 
The TVoIP gateway allows MPEG over IP streams accessing to the Ethernet aggregation 
network 

 
· Provides a MPEG_TS SPTS ASI and Ethernet interface 

· Can transmit MPEG-2 or MPEG-4 video format 

· Uses MPEG-2 Transport Stream Signalization 

· Processes MPEG/RTP/UDP/IP/Ethernet encapsulation and  MPEG/UDP/IP/Ethernet 
encapsulation 

· Monitors the IP and MPEG traffics. 

· Forward Error Correction is implemented to improve the QoS and make the video 
transmission significantly less prone to packet loss. The FEC mechanism was 
standardized in MPEG Forum with contributions from MUSE 

 
The gateway specification in systems distributing added value service over broadband 
access network ( ADSL… etc) to Set Top Boxes and PCs. TV content will be delivered by 
means of IP encapsulated MPEG streams from the Head-end, using multicast mechanisms 
for channel zapping.  
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The connection toward the IP Network implements a Wire Speed processing process. For 
the first time, this functionality is implemented in hardware to allow for processing of 
videostream packets at wireline speed. State-of-the-art implementations are based on 
software that runs on a processor inducing a high jitter and are typically limited to 40 Mbit/s. 
For the proof-of-concept, the prototype was realized in FPGA for a Fast Ethernet interface 
(96Mbit/s on the Ethernet layer), but the design allows for the development of future products 
at higher speed up to 1 Gbit/s. There are important challenges in such realization that could 
be solved, such as an ideal level of accuracy regarding time-related aspects (PCR 
correction, RTP timestamp processing, clock recovery), a constant level of performance from 
0 to full line rate and a Hardware filtering on the receiving end discarding any traffic that does 
not deserve processing (robustness to system-level configuration errors as well as some 
DDoS (Distributed Denial of Service) attacks). 

 

The IP gateway implements FEC process  complying with the Pro-MPEG Forum Code of 
Practice #3 release 2. With this mechanism all possible packets are recovered. ����� ean 
time between errors is 27.40 seconds  without FEC and 42105 days  with FEC. The IP 
network is safe for grade video transport. 

 

This document consists in three main chapters and one annex. The first chapter is a general 
presentation of the IP gateway, the second chapter describes the implementation of the 
gateway functional block, the last part covers test results performed on the integrated 
elements and the annex describes the FEC pro-MPEG forum. 

 

The present document mainly describes the implementation. For more detailed information, 
the reader is referred to the specification in deliverable DB1.1 part IV. Since its release, 
MUSE via partner Nextream made significant progress on Pro MPEG and therefore a 
dedicated l annex that explains the new concepts was added. The stand-alone unit showed 
proper operation during the evaluation and is ready for integration in the integrated lab trial. 
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1 INTRODUCTION 
 

1.1 Objectives 
 

One of the inhibitors of broadband deployment in recent years has been the lack of 
applications that need high bandwidth. This in turn resulted in low return on investment in 
broadband infrastructure. The viability of the broadband business model is becoming much 
more attractive with the introduction of TV over IP services which is a major revenue engine 
for network operators and service providers. With the TV over IP gateway, operators can 
offer a greater level of service to their customers with a best QoS thanks to the FEC Pro 
MPEG process. This gateway with its innovative technologies stays within the scope of the 
MUSE project objective which is the research and development of the low-cost, full-service 
access and edge network. 

 

1.2 Innovation 
 

The TVoIP gateway implements innovates Technologies, process, like a Wire Speed 
processing process. For the first time, this functionality is implemented in hardware to allow 
for processing of videostream packets at wireline speed. State-of-the-art implementations are 
based on software that runs on a processor inducing a high jitter and are typically limited to 
40 Mbit/s. For the proof-of-concept, the prototype was realized in FPGA for a Fast Ethernet 
interface (96Mbit/s on the Ethernet layer, but the design allows for the development of future 
products at higher speed up to 1 Gbit/s. There are important challenges in such realization 
that could be solved, such as an ideal level of accuracy regarding time-related aspects (PCR 
correction, RTP timestamp processing, clock recovery), a constant level of performance from 
0 to full line rate and a Hardware filtering on the receiving end discarding any traffic that does 
not deserve processing (robustness to system-level configuration errors as well as some 
DDoS (Distributed Denial of Service) attacks). 

 

 

The IP gateways compliant as well MPEG-2 as MPEG-4 implements an innovative FEC 
process  complying with the Pro-MPEG Forum Code of Practice #3 release 2 to improved 
the Qos. Nextream, a Thomson business unit is one of the first to implement it.  

This IP gateways implements too a high-speed Multipoint data bus (M-LVDS technology) , 
found on the backplane board of a chassis allows exchanging data and control/command 
information between boards (from 1 to multiple boards). Relying on these high speed 
hardware capabilities, a protocol has developed to allow high speed non blocking, data 
exchanges between the boards. This protocol is based on time division multiplex access. In 
such a protocol, packet header analysis performance is the key to ensure an efficient usage 
of the backplane bandwidth. Systematic use of new generation high speed FPGA allows that. 
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The present document mainly describes the implementation. For more detailed information, 
the reader is referred to the specification in deliverable DB1.1 part IV. Since its release, 
MUSE via partner Nextream made significant progress on Pro MPEG and therefore a 
dedicated l annex that explains the new concepts was added. The stand-alone unit showed 
proper operation during the evaluation and is ready for integration in the integrated lab trial. 
 

1.3 MUSE phase II 
Systems are now more and more built using a decentralized approach, no more unique 
central point of presence (national head-end).  At the same time, the number of services 
carried out per physical interface is rising tremendously while the number of physical 
interfaces is going down on devices present in Digital Head End and the complexity of 
processing inside the boxes has been increased in due to functions like scrambling, 
descrambled services, ISO/DVB/ATSC signalling, trans-rating processing  
To evolve with this new trend and to maintain the ability to have system cost compatible to 
large scale deployment, Nextream has re-thought the digital Head-end architectures based 
on new packet processing devices architectures. A new prototype will be implemented with a 
high-performance to stay compliant with the evolution of the Network. 
 

1.4 Document structure 
 

The document structure is the following: 

 - Gateway overview and general presentation 

 - Implementation of the different functional blocks 

- Test results performed after integration 

 - FEC Annex  
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2 OVERVIEW  
 

 

Figure 1 : 100BT Front-End associated with ASI Front -Ends 

 

 
The head end platform contains an external MPEG-4 source for interoperability tests, an 
external MPEG-2 source for the compatibility test and the gateway prototype to bring a real 
time broadcast television services over the IP network.  The MPEG-2 and MPEG-4 stream 
will be record on the Nextream server (External sources) using the Nextream encoder. 
 

The VoIP Gateway  prototype is available in 5RU chassis (15 slots). This chassis is designed 
to accommodate independent functions such as: 

• 100BT Front-End for connections to the IP networks in a format compatible with 
100BT Ethernet links. 

• ASI Front-End for connections to devices with ASI input/output like an external 
encoder. 

Each of these functions requires a Main board called “manager”. A Manager board must be 
installed in the chassis to manage all chassis functions. 

The boards communicate via 2 types of bus: 
· Internal bus: this high-speed bus, found on the backplane board of the chassis, 

connects up the Main boards (the Manager board is considered as a Main board). 
It is used to exchange Transport Stream (TS) between the functions. 

  
· Service bus: this bus, found on the backplane board of the chassis, connects all 

boards to the Manager board.  
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3 IMPLEMENTATION AND FUNCTIONAL BLOCKS 
 

3.1 Chassis  
 
The Gateway 5RU modular chassis comprises: 

· two redundant power supply units (PSU), AC or DC version.  
· integrated fan unit; 
· backplane designed to accommodate up to 15 electronic boards. The used 

protocol is a protocol resulting of the Thomson research. 

The PSUs, fan unit and boards can be removed via the front of the chassis.  

Figure 2: Front view of gateway 5RU chassis 

 
3.1.1 Power supply units 

 
The PSUs are available in either AC or DC versions. In normal mode, the two PSUs share 
the overall chassis consumption. If one PSU fails, the other will supply the whole chassis.  
 
3.1.2 Backplane  
 
This backplane uses a modular concept based on basic functions realized on single board.  
In addition to interconnecting elements and supply boards, the backplane has the following 
functions: 

· detecting the presence and start up of each PSU; 
· detecting PSU failure. Failure can be due to either the absence of one of the three 

secondary voltages, or power supply overheating; 
· detecting fan failure; 
· regulating fan speed 

 

Two redundant PSUs Up to 15 Boards 
FAN Unit 
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Figure 3: Backplane 

 
This back-plane board realizes the links with all the boards Manager  board and all Smart 
board in the chassis. A backplane design with two main bus for exchanges between board 
(Service bus and  Internal bus) 
The back plane is designed in such a way that one slot is dedicated to the controller 
(Manager board) allowing slaves smart boards to be placed in all of the other slots 
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Figure 4: Bus and interface 

 
A Manager board  is the master of the gateway; it allows all the functions of remote controls 
and diagnostics of the prototype. Inside the chassis, this card configures and supervises all 
the others cards using the internal bus. This board has an IP address for the remote control, 
configurable by the management software. 

 
A Smart board  is a board in charge of 1 or more function (IP  …). A smart board is under the 
control of a manager. it is equipped with a CPU which allow high level communications with 
manager. Most of the time, once configured, a smart board doesn’t need the manager board 
to be operational. 
 
The connections between manager and slave boards (smart board) are realized through two 
main communication buses: 
 

· Service bus:  this bus, found on the backplane board of a chassis, connects all 
boards to the Manager board. There is only one Service bus. It’s based on the I2C 
protocol. 
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 Figure 5: Service Bus 

 
 
SB master  is the master of the service bus link 
SB slave is a slave on the service bus link 
 
Service Bus Coupler is the component in charge of managing the service bus and its  
protocol I2C.  
 
Manager  board  is the controller board 
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Smart board  is a board in charge of a function. This kind of board is self-sufficient. In 
this document, manager board will be considered as a smart board for a 
service bus point of view. 

Shelf Back plane  is the back plane. 
Local CPU  is the local CPU of a SB slave/master board. 
Remote CPU  is the local CPU of the SB master board. 

 
The RID (Remote Inventory Data ) is an electronic label. It is set in factory and contains all 
information linked to the board: board type, manufacturing date, … The RID doesn’t include 
any information which can be set by the user. After manufacturing it will not be changed 
This RID is saved in the chassis and all information can be read since a distance point.  

 
· Internal bus:  this high-speed bus , found on the backplane board of a chassis, 

connects up the Smart boards (the Manager board is considered as a Smart board). This 
high data rate communication  bus allows exchanging data and control/command 
information between boards (from 1 to multiple boards). Thus each/board have an 
automaton managing the access to this bus. 

Relying on these high-speed hardware capabilities, a proprietary protocol has been 
developed to allow high speed non-blocking, data exchanges between the boards. This 
protocol is based on time division multiplex access. In such a protocol, packet header 
analysis performance is the key to ensure an efficient usage of the backplane bandwidth. 
Systematic use of new generation high speed FPGA allows that. 

Characteristic is  

- 32 bits wide clocked at 108MHz 

- Speed: 3Gbits/s 

- M-LVDS technology for the High-Speed Multipoint Data Buses  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Internal Bus 
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This high-speed bus (3Gbits) allows the exchange of data and control/command 
information between boards from 1 to multiple boards. Thus each board has an automaton 
managing the access to this bus. The architecture of this internal bus communication system 
is based on two buses and clocks: Data Bus and C&C Bus. 
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3.2 Boards 
 

The 100BT boards are the element developed while the other board ASI and Manager are 
reused. 

 

3.2.1 Manager board 
 
The manager Board is able to control and command a whole rack, including power supply 
units. The connection between this board and others units are realized through the back-
plane buses (internal communication bus). 
 
 

 
 

Figure 7: MANAGER board front panel and top-level vie w 

 

The -Ethernet 10/100BaseT interface is dedicated to the control and command of the IP 
gateway prototype. RJ45 connector with in-built adapter transformer for the Ethernet link 
according to IEEE 802.3: 
 
A Serial link is used to check for various device start-up operations (troubleshooting) and 
initial setup. 
 
Status and alarm lights on manager board are used for easy diagnosis. One LED on Board 
panel gives a visual summary of the overall functioning. 
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The manager board embeds several blocks providing dedicated functions. The different 
blocks are described below: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Manager board, hardware block diagram 

 
The internal bus adaptation : performs adaptation of data provided by the CPU core to the Internal 
Bus (C&C messages and data to the other boards) 
The Service bus adaptation : performs adaptation of remote inventory data by CPU core and the 
other boards (IDs, serial numbers, run level …) 
Hotswap  : performs power management for Boards 
Ext : provides external interfaces access to Gateway’s functions (control & command, monitoring, 
download, setup, …) 
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3.3 100BT FE board 
The 100BT FE (Fast Ethernet) is an MPEG interface for connections to IP networks. It is 
designed to encapsulate MPEG-2 Transport Streams into IP packets according to standard 
Pro MPEG Forum COP# 3 release 2 which are sent through an Ethernet 100BT interface. 
Multiple 100BT Front-Ends can be located in the same chassis (up to 14 in 5RU chassis). 
This board has been inserted into the last slot on the right side (see figure 2).  
 
The 100BT FE board, shown on Figure 9 provides the Ethernet interfaces. The status can be 
easily checked thanks to several LEDs indicators. 
 

 
 

Figure 9: 100BT board front-panel and top-level view 

 

 

This interface provides the access to the Ethernet network link 10/100BT (RJ45 Connector). 
It transmits and receives frame carrying MPEG traffic, FEC traffic, network applications 
(ARP, ICMP, TCP/IP, UDP, etc). 
 
A Led has several states indicating the Ethernet link information. It has several states 
indicating ON AIR, OFF AIR, Faulty, … 
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The 100BT FE board embeds several blocks realizing many types of hardware function. The 
different blocks are described below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: 100BT FE board, hardware block diagram 

 

 

In the MUSE project, the IP gateway is used on the transmission side and not on the 
reception side. The 100BT FE board supplies MPEG TS streams to an IP access switch or 
router fitted with a 100BT Ethernet link. The MPEG stream going to the IP access switch or 
router is an SPTS stream coming from any gateway supplier function (ASI). 
Therefore, in this following, only the upstream1 path will be described. 

                                                 
1 Upstream is from  Gateway to the  Network   ( Stream transmission from the gateway ) 
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3.3.1 Mpeg Processing block  
 

The MPEG processing bloc processes the Transport stream packet. It realizes 3 main 
operations: internal bus adaptation, SI Table injection, Ts packet accumulation. 

- Internal bus adaptation  :  

- Filtering of Payload transport stream sent on the internal bus and addressed to 
this board 

- Filtering of C&C messages sent on the internal bus and addressed to this board 

- SI table injection  : 
The Local CPU provides SI table (ISO or DVB) using information provided by C&C 
messages 

- TS packet accumulation : 
Depending of encapsulation format, The TS packet are stored(1 �  7) before IP 
encapsulation 

 

3.3.2 Packet adaptation block 
 

The Packet Adaptation bloc includes different modules that can be activated or bypassed 
depending on board configuration: 

- Encapsulation can be processed with or without RTP layer 

- FEC can be enabled and disabled. 

 

The following process shall be applied in the transmission direction. 

- Transmit data without RTP encapsulation  

PCR correction 

The PCR correction is used to take into account all the latencies introduced by the 
different processes made on the TS packets between their arrival in the Gateway and 
this point (TS packet blocking time before encapsulation is one of the example of 
such a delay). This correction ensures an optimized time transparency at the 
reception side. 

 

UDP/IP/MAC encapsulation process 

This function performs the encapsulation of a data flow into the protocol stack  

UDP/IP/MAC as described in Pro MPEG Forum COP# 3 release standard. 
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- Transmit data with RTP encapsulation  

RTP encapsulation 

This process implements the RTP encapsulation. 
This function ensures encapsulation of up to seven MPEG-TS packets into RTP 
frames according to IETF’s RFC1889 and RFC2250. 
This encapsulation is used to reorder disordered packets and which can help to 
improve the timing, i.e. the jitter is smoothed. The RTP header conveys a 90 kHz 
timestamp value. The 27 MHz timestamps are used for the A/V synchronization, in 
the same way as in broadcast networks.  
RTP encapsulation static parameters are provided by the management software. 

 

PCR correction and UDP/IP/MAC encapsulation processes has the same role as 
above. 

 

- Transmit data with FEC process.  

 

 FEC Compute + RTP Encapsulation 

With the growing traffic of IP Networks to provide data, voice, and video services, 
the quality video can be compromised. For this raison, Nextream propose a FEC 
process to handle the IP network jitter, packet loss, duplicate packets, and out of-
order packets so that video quality. This process generates Forward Error 
Correction from an RTP packet flow according to the recommendation IETF-
RFC2733.  It is used to produce a quality transmission services. For this, a 
dialogue between the sender and the receiver should be put in place to trim 
MPEG coding rate and FEC configuration according to the behavior of the 
network.  RTP/UDP/IP/Ethernet protocol should be implemented to fulfil this 
adaptability. This Forward Error Correction (FEC) is available for RTP mode only 
and its implementation on the emission side complies with RFC 2733 modified 
with Pro-MPEG Forum enhancements (Pro-MPEG Code of Practice (COP) # 3 + 
last amendments "Transmission of Professional Transport Streams over IP 
Networks".  This process has to be implemented on the reception side, in the 
home gateway or STB to be effective. 
The static information for RTP encapsulation of FEC packets is provided by the 
management software.  

To more information, refer to Annexe A, “ FEC to Secure a video stream over IP 
networks” 

UDP/IP/MAC encapsulation 

This process implements the RTP/UDP/IP/Ethernet encapsulation to fulfill the FEC 
adaptability. 
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A Time Stamp management module implements an accurate system to control the RTP 
time stamp field and the PCR field in order to optimize the reception system. The RTP 
timestamp represents the time when the RTP payload first byte enters the network 

 

3.3.3 Network Access block 
 

This module is built around a layer 2 switch device. It is in charge of multiplexing the various 
processed streams. It processes the input Ethernet packets towards many directions. The 
main processing are the following: 

· Ensure data transmission at full line rate (refer to wire speed process) 

· Transfer packets to or from the CPU 

· Transmit payload packets to the Ethernet interfaces 

· Ensure weighted round robin priority scheme among CPU port and RTP and 
FEC ports. 

L2 switch complies with wire-speed requirements describe below. 

Congestion may happen if the sum of the data rates on all outbound ports of the switch 
exceeds 100Mbits/s. Packets are transmitted according to the weighted priority scheme.   

 

3.3.4 Ethernet Physical layer block 
 

The external interface is made up of one RJ45 interface connector with the following 
characteristics: 

• IEEE 802.3-2002 standard compliant; 

• 110 Ohm line impedance; 

• Two twisted pairs, category STP5 or FTP5, gauge AWG 24. 

 

The Ethernet Interface, 

· supports automatic cable type adaptation (MDI/MDI-X auto crossover mechanism) 

· supports Auto-negotiation mode regarding the connected peer: 

o selects the bitrate to between 10 and 100Mbps (10BaseTX / 100BaseTX 
autosensing) 

o chooses between half duplex and full duplex for the operating mode. 
Nextream recommends operating the IP Front-End in full duplex mode 
with 100Mbps of bitrate. If Auto-negotiation results in another mode, 
alarms will be raised. 

Transmission is available in full duplex mode on the Ethernet port. 
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3.3.5 Wire Speed processing approach 
 

The Gateway IP front-end performs network adaptation from the MPEG-TS layer to the 
Ethernet (IEEE802.3ab / 100BaseT) layer. Traditional approaches to perform this kind of 
processing involve an embedded Central Processing Unit running an operating system 
incorporating a full-blown TCP/IP stack implementation. A software application running on 
this embedded environment performs the data pumping process that mainly consists in 
(on the transmission side) : gathering the TS-packets to transmit, grouping them 
according to the selected blocking factor chosen for transmission (usually 1 to 7 MPEG-
TS packets per transmitted IP datagram), building the RTP (if this layer is used) header, 
building the UDP header & sending the resulting UDP datagram through an OS-level UDP 
socket interface that has been bound to the communication. On the receiving side, the 
reverse process is performed. There are major drawbacks to this approach: PCR 
correction, if performed at all, can only be a coarse one due to imprecision if done at 
application software level. Affixing the RTP timestamp is also problematic: although it 
seems easy to perform thanks to its low resolution (90 KHz), it is been affixed with a low 
accuracy. These two combined problems result in a major induced jitter impact. The net 
result is very poor clock recovery performance, and limited (if at all acceptable) capacity to 
provide the expected professional grade video transport performance. 

The approach chosen on the Gateway IP front-end is totally different: The whole 
encapsulation & decapsulation pipeline is built in hardware (FPGA technology) & works 
under close-coupled CPU control. All the aforementioned steps are performed by 
hardware stages of a processing pipeline. The RTP/UDP/IP headers are filled up on-the-
fly by this pipeline. The CPU updates them when necessary. 

The net benefits of this so-called Wirespeed approach are: 

- Ideal level of accuracy regarding time-related aspects (PCR correction, RTP 
timestamp processing, clock recovery) 

- Constant level of performance from 0 to full line rate (~96Mbit/s on the 
Ethernet layer) 

- Hardware filtering on the receiving end, discarding any traffic that does not 
deserve processing (robustness to system-level configuration errors as well as 
some DDoS (Distributed Denial of Service) attacks) 
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The following architecture represents the main functions of the FE 100bt board software.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: 100BT FE board software structure 

 

This software architecture is an open architecture. It is designed to reuse most of the 
common blocks for a good software optimization. 

All types of smart board embed an own software for a specific function called “Specific 
Components” and the common software called “Generic Components “. 

Two kind of generic Components exist: 

• Common software for all smart board called “ Generic Smart Board”  

This common software includes Basic Software (boot, LINUX OS, basic drivers, generic 
tools), Framework software (basic management of the IP gateway such as Internal bus ID 
and Service bus, corporate functions of the IP gateway such as alarm and event 
management, common tools such as internal protocol and download), and the configuration 
management (Bitrate management, TS management, PID management..) 
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• Common software by type of smart board. 

Smart boards are grouped by type: the front ends, the encoder or the decoder. Even 
if the focus on the Gateway has been made on the Front-End, this architecture is 
designed to make the implementation of other kind of smart board easier. 

For example, the Front-End board is a type including the 100BT FE, ASI FE, PDH FE. 

Smart board Front-End implements the common software called “Generic Front 
end” 

 This common software for all front ends includes the Front Ends MPEG processing 
and monitoring, Front Ends Alarms and status management….) 

 
The 100bt IP Front End is a smart board. Within the Smart Board range, it is classified as a 
Front End board thus sharing some generic SW. 

The 100BT_FE software is split in 2 types: 

• Generic Smart board    

• 100BT Front end application software  split in 2 parts:  

o Front Ends common (Generic FE board) application software 

o 100BT_FE specific application software ( Specific part) 

 

3.3.6 Generic smart board (Basic and Framework soft ware parts)  
 

• NCCP Agents  
These functions offer interfaces to NCCP (Nextream Control & Command 
Protocol). 

 

• Boot manager   
This function manages the boot of the board. 
 

• Identification  agent  
This function collects static information on the board and gives them to the 
MANAGER board. 

 

• Loader Agent  
This function receives firmware from MANAGER and stores it in the flash. This 
function allows version management  

 

• Status Agent  
This function receives status (alarms, events, info …) from the 100BT_FE 
application software and forwards them to the manager on MANAGER.  
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• Configuration Agent  
This function receives configuration from MANAGER board and sends it to 
100BT_FE application software.  

 

• GATEWARE  framework management  
This function handles management of common gateware ( FPGA content) 
contained in any smart board.  

  

3.3.7 100BT_FE application software. 
 

3.3.7.1 Front Ends common application software  

Configuration Management, TS management, Bitrate Mgt, PID Mgt, Incoming/Output 
Signalling Mgt, are SW modules providing MPEG signal management of Transport Stream 
provides by the internal bus. These SW modules are building a coherent DVB Signaling and 
inject these tables with the payload. 

Alarm Management SW module capture, synthesize and forward alarms collected on the HW 
to higher level management modules. 

Generic FE Controller, Generic FE Hardware Management, HIMEF Driver, Generic FE data 
base provides SW modules and adaptation to HW for part in relation with internal bus ( 
HIMEF Driver). These SW modules provide mechanism needed to ensure proper 
configuration of the HW located between the Internal bus and the FE100 specific part. 

 

3.3.7.2 100BT_FE specific application software  

 

• 100BT_FE Database Interface  
This function is responsible for receiving configuration parameters, checking these 
parameters according to the board capacity and sending configuration for each 
software function. This function may receive configuration reports from each block 
and sends them to the Generic FE Controller block. This block provides a 
init/read/write access to the “Specific 100BT_FE Database”. It checks all 
configuration parameter, updates database, and performs action associated to 
database modification. 

 

· Encapsulator driver 
This function is responsible for the management of the hardware 
MPEG/RTP/UDP/IP/ETHERNET encapsulation function.  
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· Demultiplexing driver 
This function is responsible for the management of the hardware demultiplexer 
block, which receives all incoming frames from network and splits them between 
RTP MPEG frames (sent to MPEG processing block), RTP FEC frames (v2.0, sent 
to FEC processing block)) and other frames (sent to CPU) 

 

· Decapsulator & RTP TS recovery driver 
This function is responsible for the management of the hardware 
ETHERNET/IP/UDP/RTP/MPEG decapsulation function and for RTP time stamp 
block configuration.  

 

· FEC Controller 
This function is responsible for the configuration of the FEC Hardware function.  

 

· Network Access driver 
This function is responsible for the management of the network components  

 

· Network management  
This function is responsible for handling the ARP table changes, the routing table 
changes, the IGMPv2 frames received and sent (if IGMP snooping is enabled).  

Moreover, this function is responsible for configuring all the parameters related to 
the network (board IP parameters, RIPv2 and OSPF daemons and configuration 
files management, ARP requests to get MAC destination address according to IP 
destination address) and for IGMPv2 join and leave messages transmission (if Rx 
multicast is used)  

 

· Monitoring  
This function is responsible for the management of parameters generated or 
collected from hardware used for monitoring. 
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3.4 ASI Front-End board 
 

The ASI FE Front-End is an MPEG interface for connections to device with ASI input/output. 
Multiple ASI FE Front-End can be located in the same chassis (up to 14 in 5RU chassis). 
This board has been inserted on the right side (see figure 2).  
 
The ASI FE Front-End board front panel features the connectors and LED shown and 
explained hereafter:  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: ASI board front panel and top-level view 

 

 
This input is used to receive MPEG TSs from an external device. 
 
This output is used to sends MPEG TSs to an external device 
 
A Led has several states indicating ON AIR, OFF AIR, Faulty ... 
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The ASI FE board embeds several blocks realizing many type of hardware function. The 
different blocks are described below. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: ASI FE board, hardware block diagram 

 

The ASI Front-End board supplies and receives MPEG TS stream to/from an external device 
with ASI inputs and outputs respectively. 

• The MPEG stream coming from the external ASI device is transparently transmitted to 
any number of Gateway consumer Front-Ends through the internal communication bus. 

• The MPEG stream going to the external ASI device is an SPTS coming from any 
Gateway supplier function (Front-End). 

 
In this project, this board is only used as an interface to connect the MPEG stream coming 
from the external ASI device to the Gateway IP Front-Ends function.  Therefore in this 
following chapter, only the downstream 2will be described. 

                                                 
2 Downstream is from Network to the Gateway ( Stream Reception on the gateway ) 
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3.4.1 ASI Interface block 
  
This bloc provides standard ASI interface : 
 

ASI input and output characteristics are as follows: 
• 75 Ohms BNC female connectors, 
• EN 50083-9 compliant interface; 
Packet mode and burst mode are accepted on ASI input; 
Burst mode is supported on ASI output; 
Input and output can be switched off by configuration 

 
 
3.4.2 Packet Adaptation block 
 
PCR stamping 
 

Packets are marked with local time to provide a correction on the PCR before the 
packet is delivered on any network interface (See PCR correction 

 on FE100 Transmitter side.)  

 
Null Packet discard 
MPEG Null packets contained in the incoming TS are removed at this stage. This is to 
ensure that internal bus carries only useful data. 
 
 
3.4.3 MPEG Processing block 
 
It processes extraction from DVB format for reception and conversion to DVB format for 
transmission. 
Transmission and Reception are simultaneously available but in this project only the 
reception is used. 
 
 
MPEG reception 
MPEG input maximum bit rate is 130Mbps (rate limiting is configurable from 
the Nextream management system); 
MPEG packet size can be selected from: 188 bytes per packet or 188+16 dummy bytes per 
packet; 
MPEG packets are sent to the internal bus as they are received on the ASI IN 
external input. TS content is not altered 
 
Signaling 
On the transmission path: the signaling coming from the internal gateway source 
through the internal bus is transmitted as it is received  
On the reception path: the signaling is transmitted to the internal bus as it is 
received. 
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4 GATEWAY TESTS PRESENTATION AND RESULT 
 

The objectives of these tests are to check the 100BT FE board behavior on the reel and 
simulated IP network with and without perturbation.  

4.1 Simulated  IP network: 
These tests have been done on the simulated network using an impairment tool. Stream has 
been sent from IP 1 to IP 2. An analyzer tool records the measures (reset, loss packet….) for 
14hours. 

The kinds of errors simulated were: 

o IPDV   
o Packet drop  
o Duplicate packets 
o Re-order packets  
o Bit Error  

 

4.1.1 Evironnment  
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4.1.2 Configuration  
 

100BT board : Tx 

o   Mpeg Packets Number       : 7 
o   UdpPort           : 2000 
o   Destination Udp Port            : 5004 
o   TxDestIpAddress         : ac100e66 (172.16.14.102) 
o   Tos                 :   10 
o   TxOutputRate         : 70000  ( => 75 Mbits/s  Ethernet) 

 

100BT board :  Rx 

o Mpeg Packets Number            : 7 
o Source Ip Address         : 8d0b9933 (141.11.153.51) 
o Rx Destination Udp Port           : 5004 
o ToleratedJitter                 : 40 
o ReorderTolerance                 : 10 
o Rx Input Rate         : 70000 

 

· Configuration du Network Impairment STORM 
o Uniform Distributed Latency (Min 30, Max 50 msec) 
o Random Pacquet loss: 0.01 % 
o Duplicate packets   : 1% 
o Re-order packets: 1% 
o Bit error ( Average frequency once every 1 000 000 000 bits 

 
4.1.3 Result  
 

A Stream analyzer tool is connected on the ASI Output  to check the Drift PCR. 

· Performance PCR at the Starting state 
 
· Timing PCR  

 

 

Result OK. 

This test has been done on several day without and with perturbation. 

Video and audio are always present after 14 hours in despite of the network perturbation. 

The IP board has running correctly for 14 hours, no Drift PCR, Jitter OK. 
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4.2 Real IP network: 
These tests have been done on the Nextream IP network. Stream has been sent from IP 1 to 
IP 2. An analyzer tool records the measures (reset, loss packet….) for 14hours. 

 

4.2.1 Evironnment  
 

 

 

 

 

 

 

 

 

 

In the IP network, the routing is dynamic (OFPF and RIP v2) 

 

4.2.2 Configuration : 
Stream : 

Output bit rate : 93.403 Mhz 
DVB mode 
Vidéo Bit rate : 45 Mbits/s   (46.029 Mbits/s)  
Audio bit rate : 2* .128 Mbits/s (2* 0. 137 Mbits/s ) 

 

100BT board : Tx 

o   Mpeg Packets Number       : 7 
o   UdpPort           : 2000 
o   Destination Udp Port            : 5004 
o   TxDestIpAddress         : ac100e66 (172.16.14.102) 
o   Tos                 :   10 
o   TxOutputRate         : 93403  ( => 99 Mbits/s en Ethernet) 

 

100BT board :  Rx 

o Mpeg Packets Number            : 7 
o Source Ip Address         : 8d0b9933 (141.11.153.51) 
o Rx Destination Udp Port           : 5004 
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o ToleratedJitter                 : 40 
o ReorderTolerance                 : 10 
o Rx Input Rate         : 93403 

 

4.2.3 Result  
 

Starting state: 

 

 

 

Nb received packet = Nb transmit packet 

The measured value on the graph is the same as the thorium value  

o dégiguage FIFO = 8871 paquets IP par secondes 
o FIFO level = 0.04 ms * 8871 = 354 paquets IP  

No packet loss 

Rate =  full 100Mbits/s 
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After 14 hours 

 

 

 

Result OK 

As the IP Network was loaded, some packet loss has occurs.  

The FIFO behavior is correct. Video and audio are always present after 14 hours in despite 
of the network perturbation. 

The IP board has running correctly for 14 hours. 

This test has been done on several day . 
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4.3 FEC result 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

4.3.1 Foreword 
The Pro-MPEG forum COP#3r2 Forward Error Correction (FEC) scheme has been designed 
to secure video over IP transmission.  

The Pro MPEG forum FEC features two modes: 

· One dimension column or line FEC 
· Two dimension line/column FEC 

 

Both modes are intended to recover random drops of payload packets. The two dimension 
line/column FEC provides far better immunity than the simple line or column FEC. 

Deterministic drop tests are passed to check the compliance of the FEC implementation 
according to the Pro MPEG forum COP#3r2. 

Typical Pro-MPEG Forum FEC performance

L D I PLR overhead latency (ms) MTBE without FEC (sec)MTBE with FEC (day)

10 10 10 1,E-03 20% 525 2,74 32,87
10 10 10 1,E-04 20% 525 27,40 42105,50
10 10 10 1,E-05 20% 525 274,00 42336213,68

5 5 5 1,E-03 40% 127 2,74 35,13
5 5 5 1,E-04 40% 127 27,40 35431,83
5 5 5 1,E-05 40% 127 274,00 33688413,06

L D I PLR overhead latency (ms) MTBE before FEC (sec) MTBE after FEC (day)

10 10 10 1,E-05 10% 525 274,00 70,47
10 10 10 1,E-06 10% 525 2740,00 7047,13

5 5 5 1,E-05 20% 127 274,00 158,56
5 5 5 1,E-06 20% 127 2740,00 15856,19

L D I PLR overhead latency (ms) MTBE before FEC (sec) MTBE after FEC (day)

10 1,E-05 10% 30 274,00 70,47
10 1,E-06 10% 30 2740,00 7047,13

5 1,E-05 20% 16 274,00 158,56
5 1,E-06 20% 16 2740,00 15856,19

2D FEC

Row  only 
1D FEC

Column 
only 

1D FEC
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4.3.2 Test topology 
A network emulator is inserted between the ViBE 100BT FE boards. 

 

 

The above figure shows unidirectional streams. The ViBE 100BT FE front end operates both 
ways simultaneously. 

 

4.3.3 Drop test policies 
 

Two basic drop policies: 

· Random: it is close to real randomness but hard to predict. It is out of the scope of 
this document. 

· Deterministic: it is all but realistic. It aims at checking the compliance of an 
implementation. The result is binary: the test passes or fails. 

 

4.3.3.1 Deterministic drop 

 

4.3.3.1.1 Patterns 

Network emulators may delete a set of packets periodically. They commonly drop: 

· One packet every n input packet 
· P packets in a row every n input packets (i.e. drop burst) 

 

Those two basic rules may apply to the whole input stream or a subset. In that later case, 
filter, or drop rules, may be specified in the network emulator. 

 

Filters may apply to the RTP payload, the column FEC or the line FEC.  

ViBE

100BT FE

(Tx)

 

ViBE 

100BT FE (Rx) 

 

Network 

emulator 

Drop rules  
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Warning:  

· Filtered drop rules are not synchronized among themselves. This feature is not 
provided by “off the shelf” network emulators. 

· Network emulators do not usually provide custom deterministic drop patterns 
 

4.3.3.1.2 Pro 

Deterministic drop patterns stress the Pro-MPEG forum FEC implementation. 

One basic rule will be used to challenge the FEC to its limits:  

· P packets dropped in a row every n input packet. 
 

When n is equal to the size of the FEC matrix, p will be adjusted up to the theoretical limits of 
the FEC. The drop test should then pass until the limit is reached. 

 

· 5x20 column FEC supports a drop burst of 5 packets every FEC matrix. 
· 10x10 line/column 2D FEC supports a burst of 11 packets every FEC matrix. 

 

4.3.3.1.3 Cons 

A network emulator performs periodic burst drops. This equipment has absolutely no 
connection with the ViBE 100BT FEC devices.  

The periodic drop sequences will not be synchronized to the FEC matrix sent by the ViBE 
100 BT FE. 

 

4.3.3.1.4 Paradox 

Depending on the FEC scheme and the location of the first dropped packets, a deterministic 
drop test may pass or fail!  
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4.3.3.2 Recommendations 

 

A deterministic drop pattern is intended to stress a FEC scheme but “off the shelf” network 
emulators cannot synchronize to the FEC matrix. In that case, both line and column FEC 
may be altered and the result would depend on the test startup condition. Any test would be 
unpredictable. 

 

· Deterministic drop should only be limited to payload burst drop. A filter should be 
specified into the network emulator: p payload packets will be deleted every n input 
packets. The filter will process packets based on the base UDP port of the RTP 
stream (see Pro-MPEG forum COP#3r2 on port numbering recommendation). 

· FEC packets should be preserved to rebuild missing packets. No drop filter should be 
specified on FEC packets 

 

 

The two following rules make drop tests deterministic. 

 

You will find enclosed two deterministic dropped patterns. They have been used, among 
many others, to stress the ViBE 100BT FE FEC implementation. 
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5 CONCLUSION 
 

The TVoIP gateway presented in this document is an element positioned at the edge of the 
MUSE network that offers multi-edge capability, better quality of Service thanks to the Pro-
MPEG FEC, cheap access to video head-ends and access services such as broadcast 
television compatible with MPEG-2 and MPEG-4 stream. 

While DB1.1 studied and specified this network element, this document provides information 
on the TVoIP gateway implementation.  

This prototype has a modular architecture for which the hardware designed ensures an 
efficient and qualitative resource usage. The so-called Wirespeed approach takes advantage 
of an ideal level of accuracy regarding time-related aspects (PCR correction, RTP timestamp 
processing, clock recovery). It offers a level of performance independent of the line rate 
(~96Mbit/s on the Ethernet layer)  and a hardware filtering on the receiving end that discards 
any unwanted traffic from system-level configuration errors as well as some DDoS 
(Distributed Denial of Service) attacks.  
The recently standardized Pro-MPEG FEC process is also implemented in order to improve 
the offered QoS. The software necessary to operate this network element has been 
developed and allows testing the IP.  

The integration of the TVoIP gateway with the other network elements is planned for the next 
months. (This task is planned in the MUSE II WPB4 activities.) 
The TVoIP service made possible with gateway will then be further studied and developed in 
the second phase of MUSE. For example we expect an evolution towards a distributed 
architecture between several (interconnected) head-ends to answer at best has the rapid 
evolution of the IP.  
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6 ANNEX A : FEC TO  SECURE A VIDEO STREAM OVER 
IP NETWORKS 

 

 

 

 

Foreword 
 

The rapid growth of the Internet technology and high-speed IP networks offer new 
alternatives to bring any content to any place. 

The video streaming on IP-based infrastructure has become a reality. Compressed programs 
like audio & video content in MPEG-2 streams can be embedded into IP frames. The Real-
Time Protocol (RFC 1889 and 2250) proposes a well-defined architecture that can be used 
as a framework for audiovisual transport. 

Real life networks are however far from perfect. Time and information transparency are two 
major aspects that severely impact the overall performance of such systems.  

The Pro-MPEG Forum organization (http://www.pro-mpeg.org/) focused on Forward Error 
Correction to secure television applications on Wide Area Networks (WANs). 

Building on top of the Pro-MPEG Forum recommendations,  Nextream propose an unique 
and robust technologies to carry contents over IP networks. The IP gateway front ends 
enable transport of protected streams from the head end down to the end user.  

Focusing on the information transparency aspects of the transport over IP-based networks, 
this appendix first outlines the basic impairments endured by data streams in the network. 
Introduced to the basics of error correction, the reader is then proposed a better 
understanding of the innovative techniques proposed by Nextream. 
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6.1 Network impairments 

 

Transmitting data over networks involves the three lower layers of the ISO 
communication model (fig. 12) 
 

Layer 3 Network 

Layer 2 Link 

Layer 1 Physical 

Figure 14: ISO communication layer 

 

IP networks are heterogeneous by nature. An IP datagram may hop across a number of 
different layer-2 technologies during its trip across the network. Data transmission over LAN 
or WAN segments cascaded along the network may get altered by a wide variety of events. 

The IP network layer (level 3 in the model) has the very specific characteristic of being laid 
on layer 2 technologies that always provide the error detection capacity. Twisted bits at any 
stage in the network ever result in a layer-2 frame cancellation in the next layer-2 termination 
point. 

 

The IEEE802.3 Ethernet technology, for example, appends a CRC (Cyclic Redundancy 
Check) to every frame to detect any bit error. When an Ethernet frame is received by a level-
2 party, its CRC is computed on the received data and compared to the original seen in the 
frame. The CRC solely providing detection capacity, the frame is discarded in case of 
mismatch.  (see figure13) 

 

 

 

 

 

 

 

 

 

 

 

Figure 15:  Error detection 
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Ethernet switches or IP routers may also drop packets if congestions occur on their 
output ports. One or more packet may be discarded.  

 

Congestion will usually occur when simultaneous bursts of data are fed to the same 
output port (fig. 14) 

 

 
 

 

 

 

 

 

 

 

Figure 16:  Congestion 

 

The path between network nodes may also be dynamically reconfigured. Routers may 
get down or better routes may be discovered. Some packets may be dropped in routers 
during the route change notification. 

 

6.2 The Pro-MPEG Forum answer 
 

The Pro-MPEG Forum organization promotes open interoperability.  

The WAN group THOMSON takes part in focuses on video transport over IP networks. 

With the growing traffic of IP Networks, video streaming does not bear jitter nor packet drops 
to achieve the best grade. IP networks cannot by nature fulfill any of these conditions : jitter 
can reach 40ms or more and bursts of packets may be dropped. The Pro-MPEG Forum 
addressed the packet drop issue. Compressed video does not tolerate missing MPEG 
Transport Stream (TS) packets. Reality is in fact even worse due to the fact that RTP (Real 
Time Protocol) containers are used to embed MPEG TS packets. 188 bytes MPEG TS 
packets are usually grouped (2 to 7) in a single RTP payload for the sake of efficiency, 
maximizing the use of  the underlying network bandwidth. In fact, when an RTP packet 
vanishes, up to 7 MPEG TS packets dealing with up to 7 different programs are lost at once. 

Port 1 (in) 

Port 2 (in) 

Port 3 (out) 

Bridge or router 

FIFO 

Low speed interface 

Payload burst 

Payload burst 

Port 1 (in) 

Port 2 (in) 

Bridge or router 

FIFO 

The FIFO is full 

New incoming data are 
dropped 
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Forward Error Correction basic concept 

 

The Pro-MPEG Forum WAN group endorsed the RFC 2733 “An RTP Payload Format for 
Generic Forward Error Correction”  basic concepts.  From that basis, new methods to add 
robustness to this original proposal were developed. The Code of Practice #3 (COP#3) 
released by the Pro-MPEG Forum defines versatile FEC schemes to secure video transport 
over IP. 

 

The FEC, as defined by the COP#3, is a method to protect a set of RTP packets carrying 
MPEG-TS program packets. 

It relies on the properties of the XOR Boolean operator, noted Å 

 

· A and B being RTP packets, F = A Å B is called the FEC packet associated 
to the {A, B} protection set. F is computed by applying the XOR operator 
byte after byte on both RTP packets. 

· A remarkable property of the Å operator is that if  F = A Å B, then A = B Å 
F and B = A Å F 

· If A or B is discarded, A or B can then be recovered with the F FEC packet 
 

One of the most important goals of the Pro-MPEG Forum was to define open and simple, yet 
efficient protection sets every manufacturer could implement. The Pro-MPEG Forum has 
defined two strategies to map the RTP frames carrying the MPEG transport streams into 
protection sets and to compute the associated protection FEC packet. One is called row 
FEC whereas the other is named column FEC .  When both are combined to provide the 
maximum recovery efficiency, this method may also be called two dimensional (2D) FEC. 

 

Since MPEG RTP packets, row FEC packets and column FEC packets are sent on three 
different UDP ports, if the receiver does not implement the FEC, the video content will not be 
protected and the FEC stream(s) will be discarded. 
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Simple FEC policies - Row FEC 

 

The row FEC policy linearly maps RTP packets into protection sets. This is the most intuitive 
FEC scheme (see figure 15). Consecutive RTP frames are mapped into a line protection set 
identified by the RTP sequence number of the first packet in the set also named sequence 
number base. Line protection sets are then periodically mapped one after the other. 

 

Each FEC packet may recover one of the associated RTP packets if one is missing. Smaller 
protection sets yield higher protection. 

The row FEC overhead is the data rate percentage required by the FEC. Bigger row FEC 
overhead yields higher protection. 

 

The Pro-MPEG Forum recommends that equipments should support from 4 to 20 RTP 
packets involved in a row FEC. However, the IP gateway front ends support 2 to 100 RTP 
packets per row FEC protection frame. 

 

Figure 17:  Row FEC 

 

The row FEC is the most simple FEC strategy to operate. Row FEC packets are sent as 
soon as the last RTP packet of the protection set is transmitted. On the receiver side, the 
latency is equal to the line protection set to maintain the continuity of the RTP sequence 
numbers. 

 

The row FEC cannot recover many drops in the same line protection set. Such events may 
happen when congestion will happen on bridges or routers. The column FEC will actually do 
this job and secure the RTP stream in case of a burst of drops. 

 

Main Stream
FEC lines

1:5 FEC,  20% overhead, 
Corrects 1 loss per 5 pkts

Graphic stream representation

Main Stream
FEC lines
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Graphic stream representation
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Simple FEC policies – Column FEC 

 

The column FEC maps the RTP streams across columns. This scheme supplies robustness 
against bursts of drops. A burst of drops naturally occurs in a row of packets. The idea 
behind the column FEC is to compute the protection sets in columns so that each protection 
set gives a chance to repair a lost packet in the missing row. Figure 16 below depicts the 
mapping of the RTP frames into the column protection sets and their associated column FEC 
packets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 :Colonn  FEC 

 

If a maximum drop burst of 10 RTP packets may be considered, 10 columns with the 
associated protection sets would be sufficient to recover all the missing frames. 

Additionally, the column FEC provides the same basic properties as the row FEC. It may also 
recover unique packet drops in each column. The column FEC overhead is the data rate 
percentage required by this FEC. 

  

This figure involves the Depth  of the column. A small depth leads to a high overhead. On the 
other hand, the number of columns involved in preventing from bursts of drops is called the 
Length . 
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The original RTP stream is mapped snaking down onto this matrix, which columns all 
produce FEC packet. 

The Pro-MPEG Forum suggests that : 

· the number of RTP packets involved in a column (Depth) may vary from 4 
to 20  

· the number of columns (Length) may vary from 1 to 20 
· the total packets in this ‘so-called’ column FEC matrix should be less than 

100 (LxD <=100) 
 

The latency of the column FEC process will be equal to the transmission time of two 
FEC matrix :  

· the previous matrix holds the RTP payload whereas the current one 
supplies the FEC matrix 

· the last FEC packet comes along with the last line of the FEC matrix 
· any missing RTP payload in that last column cannot be recovered until that 

late FEC packet is processed 
 

Enhanced FEC policy : 2D-FEC 

Line and column FEC are in fact independent. They may run on their own but also together ! 

A receiver may support both FEC schemes, one (row or column) or none. 

A FEC packet is computed on each row  and on each column. This is called a simple 2D 
FEC setting. The length of the row protection set is equal to the number of columns.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: 2D FEC 
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The Pro-MPEG Forum does not yet specify any recommendation on the row FEC setting and 
the number of columns L. If those parameters are not equal, we would call this setting a 
complex 2D FEC. 

 

The combination of line and column FEC exceeds traditional limi ts of the single 
dimension FEC schemes .  

 

Line or column FEC cannot recover more than one RTP packet. Row FEC may help the 
column FEC to recover a packet it cannot process and vice versa. Two dimensions (2D) FEC 
is much more efficient than a single FEC. It will address all packet drop issues a single FEC 
may not deal with. 

The latency is not increased. It is still equal to the latency of the column FEC i.e. 2 column 
FEC matrix = 2xLxD RTP packets. 

 

Let’s consider an extremely bad network where 1% of the RTP packets are randomly 
dropped. 

· If no FEC is processed by the receiver, a decoder will not display anything. 
· A one dimension FEC may be overwhelmed by the number of errors and 

may fail every 1 to 10 seconds. 
· A 2D FEC may not fail for many days. TBMS/Nextream has tested this 

extreme case and the 2D FEC (10x10 matrix) happily faces this extreme 
situation at the expense a reasonable FEC overhead. 

 

Transmitting MPEG contents on conventional media (Ethernet, ATM, FDDI…), 
and managed networks with reasonable traffic engineering never faces 
situations like this : the error rate will be far below 1%. 

· If no FEC is processed by the receiver, the decoders will display artifacts 
for every packet drop. 

· The one dimension FEC may work fine for weeks but break once. 
· The two dimension FEC will very likely not fail for that period. 
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6.3 Conclusion 
 

Nextream have been very actively involved in the Pro-MPEG Forum WAN group. 

The IP gateway prototype supports all row, column and 2D FEC configurations according to 
the Code Of Practice #3 r2. 

State of the art advanced FEC processing & technology, on both transmitters and receivers, 
sustains the same level of performance 

· whatever the RTP / video rate from 0 to full medium capacity 
(100Mbit/s) 

· whatever the practical network error rate 
Moreover, this outstanding performance is obtained: 

· with latency kept at its theoretical level 
· at the expense of very low and affordable overhead 

 

The advanced Nextream implementation of the COP#3 FEC polici es reaches 
theoretical efficiency. All possible packets are recovere d,  no less. IP networks 
have never been safer for grade video transport. In the MUSE  project, this 
advanced research will be  demonstated in the WPB4 to show   performances. 
 

 


