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EXECUTIVE SUMMARY 
The emergence of e-Government which involves the 
use of data networks to exchange information, provide 
services, and enable interaction with citizens, 
businesses, and other government agencies is having 
a powerful impact. Driven by the need for government 
agencies to increase the quality of training and 
information sharing, reduce budgets and travel, and 
improve public safety, collaboration is a key attribute 
for e-Government because it enables people at 
different locations to communicate in a rich life-like 
manner. Video conferencing enables civil servants to 
see and hear the citizens they are serving face to face 
perhaps via a video kiosk or a desktop PC. It also 
allows government staff to have efficient meetings and 
receive timely training while avoiding travel costs. 
 
Bandwidth is driving new applications that were 
impossible even few years ago. The most profound 
changes are in the area of bandwidth-hungry visual 
communication applications.  
 
Distributed visual communication will enable new 
levels of interaction among agencies, contractors, 
businesses and citizens. It will be easy to use and 
accessible anywhere and anytime. Telepresence—a 
new kind of visual communication that provides a “just 
like being there” experience—will bring distributed 
teams closer together, extending their reach and ability 
to operate more efficiently given budget constraints. 
 
Content sharing—an essential component of team 
collaboration—will go beyond sharing slides and 
spreadsheets, and allow for sharing video clips, 
animation, and three-dimensional images.  
Recording, content management, and streaming 
applications will emerge as a natural complement to 
real-time communication. These applications will make 
visual communication much more scalable and 
accessible from any computer and mobile device.    
 
This paper explores how collaborative technologies 
can be applied within the government market. It 
introduces new technologies that led to the emergence 
of telepresence and discusses how these technologies 
improve the user experience.  
 
In addition, the paper discusses the impact of these 
new applications on the IP network and the 
mechanisms IT must implement in order to support 
them. It focuses on end-to-end quality of service, and 
introduces new technologies in the area packet loss 
recovery. Finally, the paper discusses the required 
interaction between application and IT infrastructure. 
  
 

1.  VISUAL COMMUNICATIONS 
Visual communication is the most natural form of 
human interaction. Long before writing was invented, 
people were painting pictures on cave walls and telling 
stories through these pictures. Throughout human 
history, paintings—and later photographs—captured 
the key events of humanity, arguably in much more 
powerful ways than any writing can do. Television and 
moving images captured the imagination of people in 
the twentieth century. Figure 1 depicts these social 
developments.    
  

 
 
Figure 1: Visual Communication Progression 
 
With every new generation of technology, visual 
communication has become more powerful and true to 
reality. Today, high definition (HD) video is the current 
pinnacle of communications technology and the result 
of centuries of progress.    
 
2.  COMMUNICATIONS PROGRESSION 
Organisational communication up until the nineteenth 
century was limited to face-to-face meetings, couriers, 
and letter carriers. In fact, limitations in communication 
led to mostly local organisational interactions. The 
invention of the telegraph gave people the means to 
communicate across countries and even continents. 
Human interaction by telegraph was still limited, 
however, since telegrams cannot directly depict 
immediate emotional responses or other emotional 
information. Therefore, telegram communication 
partners were not able to easily develop trust.  
 
The invention of the telephone improved this situation. 
Voice communications provided more context since 
people could hear each other’s voices, react more 
spontaneously and in detail, and better guess at 
emotional reactions to their comments. Although voice 
communication became ubiquitous in the twentieth 
century and became wireless towards the end of the 
century, it never fully solved the problem of 
transmitting subtler emotions across distances. Figure 
2 summarizes the development of organisational 
communication over the centuries. 
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Figure 2: Communication Progression 
 
Today, visual communication promises to deliver the 
ultimate communication and collaboration experience. 
New technologies, such as telepresence, make visual 
communication life-like and equivalent to a face-to-
face meeting while simple personal video technology 
makes video easily accessible in everyday 
government life.   
 
3.  THE FUTURE OF VISUAL COMMUNICATIONS 
In the years ahead, the market for video will be 
dramatically different. Social, economic, and 
technological trends are aligning to create a unique 
opportunity for new and innovative forms of visual 
communication. These factors are bringing video into 
the mainstream and will make visual communication 
essential in both our personal and professional lives. 
Users in this emerging marketplace demand new and 
richer experiences, and they will apply visual 
communications in unforeseen ways. This means that 
traditional applications like video conferencing and 
video training are being transformed into broader and 
more effective forms of visual communication. 
Polycom calls this transformation VC2. 
 
VC2 is about both the convergence of user 
experiences and network convergence. Figure 3 
illustrates the convergence that is already beginning to 
happen in government and enterprise organisations. 
  

�
 
Figure 3: Communications Convergence 

 
Polycom created several video clips to illustrate the 
new wave of visual applications: pervasive video 
communications in the office and on the road, the use 
of next-generation VC2 technologies to reach the right 
balance between personal life and work, new ways for 
visual design and collaboration using video, and a 
dinner that extends the boundaries of time and space 
through telepresence. These video clips are available 
for viewing at:   
http://www.polycom.com/usa/en/products/video/visual_
communication/vc2_video.html.  
 
4.  GOVERNMENT BUSINESS EFFIENCIES 
Visual communication and collaboration enables new 
levels of interaction and efficiency among agencies, 
contractors, businesses and citizens. These 
efficiencies result in time, cost and carbon savings.   
 
Agencies are usually geographically distributed in 
offices at different locations. Telepresence combined 
with high-definition content sharing is a key technology 
to connect managers and staff on high-performance 
teams. The quality of the shared content is paramount 
for successful collaboration.  
 
Central and local governments collaborate to address 
common causes. Content sharing is a key enabler for 
collaboration while immersive telepresence can be 
used very efficiently for large meetings of decision 
makers. Since teams can contain anywhere from 10 to 
25 people or more, it is important that telepresence 
solutions offer immersive experience for large groups.  
  
Government leaders and legislators are another 
opportunity to take advantage of visual 
communications: peer-to-peer and leadership-to-staff 
virtual meetings can be much more effective through 
the use of HD video and HD audio. In addition, visual 
communications have a solid place in project 
management—for legislative, IT and departmental 
projects.  
 
Government employees require continuous training 
and much of it can be accomplished through distance 
learning. Recording, playback, and streaming are 
primary visual communications technologies that 
enable effective distance learning. For example, in the 
United Kingdom, the Thames Valley Police uses video 
conferencing technology share timely information, void 
travel for meetings and to hold meetings with other 
organisations or police areas involved in incidents, 
such as command centres within different BCUs, The 
Home Office, and MOD. 
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Moreover, many courtrooms are tied with police 
stations, mental health hospitals and corrections 
facilities to increase public safety by minimizing the 
transportation of inmates.  
 
Visual communications opens new opportunities to 
government health-related organisations such as 
hospitals and prison healthcare. Doctors can remotely 
diagnose patients in remote locations using crisp HD 
quality. In addition, microscopes, CAT scans, or X-rays 
machines can be connected to the video equipment 
and their input can be transmitted to the remote site 
through the same content channel.  
 
5.  INTEGRATED VISUAL COMMUNICATION 
As video goes mainstream it becomes a pervasive tool 
across organisations. It is seamlessly integrated in 
everyday communication tools and merges with voice 
communication, instant messaging, and presence 
applications, that is, it becomes part of integrated 
visual communication. In the future, integrated visual 
communication will be able to address any audience, 
and will be ubiquitous. It will, for example, occur at any 
time and place and through the use of any device. The 
key elements of integrated visual communication are 
described in Figure 4.  
  

 
 
Figure 4: Integrated Visual Communication 
 
Any audience. The first element addresses scalability. 
Visual communication systems of the future will 
support individuals (through personal telepresence), 
teams (through room telepresence systems and 
multipoint conferencing), and will scale to thousands of 
users. New applications, such as personal 
telepresence and desktop video, will necessarily have 
an impact on IT due to the increased bandwidth 
consumption in the IP network. High scalability also 
translates to thousands of video-enabled devices in 
the IP network, and the need for robust and scalable 
device provisioning and management.  
 

Anytime. The second element addresses the fact that 
users require choices in how they will access video. In 
addition to real-time calls, the visual communication 
system of the future will support new applications such 
as streaming, recording, and video content 
management, as well as scalable distribution through 
content delivery networks and IP multicast.     
 
Any place. The third element denotes that users need 
choice in where they communicate. While today’s 
enterprise video communication is primarily in 
conference rooms, future visual communication will 
allow users to access video on the road and from 
home.  
 
Any device. The fourth element references the 
increased choices users will have in which device to 
use for video communications. Room-based and 
personal telepresence systems will be complemented 
by PCs and mobile devices, all seamlessly 
communicating.  
 
 
 
6.  VC2 CHARACTERISTICS  
How do VC2 visual communications differ from 
traditional video conferencing? Figure 5 provides an 
at-a-glance comparison.  
 

  
 
Figure 5: VC2 Characteristics 
 
Numerous user surveys tell us that video is perceived 
as difficult to use. The user interface is fairly complex 
and there are many moving parts (codecs, cameras, 
displays, microphones) that can—if not set up 
correctly—impair the user experience. VC2 by 
comparison is easy and intuitive for users. One way 
this ease is achieved is through the integration of 
video into collaboration tools that are used daily.    
 
While traditional video only provides reasonable 
quality (from CIF to Standard Definition), VC2 makes 
HD video ubiquitous. High definition enables a new 
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set of applications that include such uses as remote 
training, telejustice, inmate visitation,  telehealth, and 
command and control (e.g. EOC), all of which require 
crisp images. In addition, HD audio is essential to 
achieving immersive telepresence experience and to 
transmitting music performances over IP networks. 
The main impact on IT is that HD video requires 
increased bandwidth (for example, a minimum 
1.2Mbps per call at 720p quality).  
 
As noted earlier, today’s video communication is 
achieved mostly in conference rooms. VC2 includes 
group conferencing but also makes video available on 
desktops and mobile devices. This transition will 
increase the importance of standards and open 
platforms because users will be connected through 
terrestrial, mobile, and other networks in multiparty 
video calls. IT will need to provide network connectivity 
and create policies that allow users to access the 
network and use VC2 services.    
 
For a long time, video has been an overlay application 
with its own management tools. In the VC2 future, 
video will be integrated in the IT infrastructure and 
will use standard IT management and provisioning 
tools1. This will enable greater scalability and reliability 
that are essential for rolling out large video 
deployments2. New applications will emerge for 
monitoring and managing video quality of service 
(QoS) in IP networks. There are already efforts in the 
industry to define methodology for objectively 
measuring video quality and to create management 
tools that can process video QoS reports. 
 
Finally, VC2 envisions an open, standards-based 
visual communications network in which existing 
proprietary interfaces will be replaced with standards.    
 
7. TELEPRESENCE  
From personal to immersive, telepresence is a new 
kind of visual communication that provides a “just like 
being there” experience and brings regionally 
distributed teams closer together. This technology is 
being deployed by leading organisations to increase 
the efficiency of their agency. 
 
Polycom recently introduced its telepresence solutions 
into the government space, and this has created a 
great deal of excitement around the globe. Very well-
suited for telepresence are government agencies 
which need to clearly communicate between multiple 
sites, share information that may include maps, 
diagrams and 3D renderings, and have crisp audio to 
hear and place voices easily.  
  

Telejustice is an excellent example of how courts, 
corrections and police departments get multi-fold 
benefits including enhanced public safety, streamlined 
dockets, and reduced costs. For example, if someone 
needs to testify in a court case, the government may 
have to pay to fly them into the jurisdiction and pay for 
hotel and living expenses. Having the person testify 
remotely using telepresence can save significant costs 
per incident.  
   
Key characteristics of telepresence are the high 
definition image quality, the use of life-sized images, 
and the superb high definition audio. Samples of 
telepresence solutions from Polycom are depicted in 
Figure 6.  
  

 
 
Figure 6: Telepresence Solutions from Polycom, Inc. 
 
In addition, immersive telepresence offers the ability to 
maintain eye contact throughout the meeting and 
delivers HD audio quality through microphones and 
speakers built into the walls of the telepresence room. 
The best example for this type of immersive 
experience is the Polycom® RealPresence™ 
Experience High Definition (RPX™ HD) which consists 
of a complete room, including walls, monitors, tables, 
and even chairs, all of which have been optimized for 
a superior audio-visual experience.  
 
For example, eye contact is achieved by installing 
invisible small cameras between the large displays. 
This configuration allows users to look directly into the 
eyes of their communication partners, instead of 
looking to the left, right, or bottom, as is the case with 
cameras mounted at the periphery of the screen wall.      
HD audio quality includes the use of super wide-band 
audio codecs such as the Siren™22 audio codec that 
transmits up to 22 kHz audio (CD quality) and has a 
very short delay of 40ms for excellent interactivity. HD 
audio also requires stereo capabilities, so that 
movement of the immersive telepresence users within 
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the room can be detected acoustically at the remote 
site. Special acoustic design requires that 
microphones and speakers be placed in particular 
parts of the wall and ceiling.  
 
8.  CONTENT SHARING  
Content sharing is essential to team collaboration and 
is especially important in the government environment. 
Dual video streams allow a “presentation” (sometimes 
also called “content”) audio-video stream to be created 
in parallel to the primary “live” audio-video stream. 
This second stream is used to share any type of 
content, such as DVD videos, slides, spreadsheets, 
maps, video clips, and other information related to the 
collaboration. Polycom’s pre-standard version of this 
technology is called Polycom People+Content™. And 
the multimedia standard recommendation, H.239, is 
heavily based on intellectual property from Polycom 
People+Content and has become the ITU-T standard 
that allows interoperability between different vendors.  
Figure 7 depicts the concept. 
  

�
 
Figure 7: Content Sharing 
 
While the function works well on single-monitor 
systems, it is especially powerful in multi-screen 
setups (video endpoints, for example, can support up 
to four monitors). In the example shown in Figure 7, a 
Polycom HDX 4000™ personal video system is on a 
live call with a Polycom HDX 9000™ Executive 
Collection that uses two flat screen monitors. The live 
stream is shown on the right monitor.  
 
The viewer of the Polycom HDX 4000 uses a laptop 
directly connected to Polycom HDX 4000 or running 
Polycom content sharing software to activate content 
sharing on the Polycom HDX 9000 Executive 
Collection. A “presentation” stream is created in 
parallel to the “live” stream, and the content is 
displayed on the left screen of the receiver system.     
The benefit of this functionality is that users can share 
not just slides or spreadsheet but also moving images 
such as flash video, movie clips, and DVDs. The 

“presentation” channel has flexible resolution, frame 
rates, and bit rates. For dynamic images, it can 
support full HD video, and for static content, such as 
slides, it can work, for example, at three frames per 
second, and save bandwidth in the IP network.  
 
Another major benefit of using a video channel for 
content sharing is that the media is encrypted (by AES 
in H.323 and by SRTP in SIP3). In addition, once the 
firewall and NAT traversal4 works for the “live” stream, 
it works for the “presentation” channel as well and 
there is no need for a separate traversal solution.  
If still images are transmitted, the content channel can 
use fewer kbps; for high quality video, it may require 
more than 1 Mbps. Future content sharing solutions 
will include the capability to share HD 1080p display 
resolution and 3D content that will require even higher 
bit rates. 
 
9.  POLYCOM PEOPLE ON CONTENT 
Polycom People On Content™ allows the ability to 
display a speaker with different background (content) 
that is fed into the video system from a DVD player or 
a computer. A standard application for People On 
Content is a trainer presenting slides as background. 
However, People On Content technology allows for 
dynamic backgrounds, and this allows for another 
application, the trainer presenting with the near-site 
participants shown in the background. This 
configuration helps participants at remote sites feel 
connected and more involved in the lecture.  
 
People On Content can also be used for promoting the 
government agency with the picture of the agency 
building or a “Welcome to …” background applied 
throughout the presentation.  
 
The ability for the presenter to become part of the 
presentation is a unique feature in Polycom HDX video 
endpoints.  
  

�
 
Figure 8: People On Content 
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The People On Content technology does not require 
any special capabilities in the video equipment at the 
remote (receiving) site because the image of the 
speaker and the background are digitally merged in 
the video equipment at the near (sending) side and are 
sent to the remote site as a single video stream.   
 
10.  LIVE AND WEBCAST COMMUNICATIONS 
Government agencies are beginning to consider 
recording open meetings and make them available on 
the web. The objective is to promote public access to 
government decision making by recording all open 
meetings and making them available on the 
government web site.  
 
Many government meeting rooms already have video 
conferencing systems in them so it is a cost effective 
way to use the existing systems for webcasting 
meetings either live or “non-real-time” recordings. 
 
Recording, content management, and streaming 
applications emerged as a natural complement to real-
time communication. While less problematic from a 
QoS perspective, these applications increase the 
bandwidth consumption and lead to a requirement in 
the area of IP Multicast. Figure 9 includes the most 
common use scenarios.   
  

 
 
Figure 9: Video Recording, Playback, and Streaming 
 
“Non-real-time” refers to the fact that the audio and 
video information is not immediately sent to the remote 
site but rather recorded and made available for later 
use perhaps through a web site download. The delay 
may be just a couple of seconds (we refer to this as 
near-real-time communications) or may be viewed 
days or months later. 
  
The first step is to record the content. In the example 
in Figure 9, this is accomplished by the use of 

Polycom RSS™ 2000 server, which can record and 
simultaneously stream video over an IP network in 
formats that use Microsoft’s Windows Media Player or 
Real Networks’ RealPlayer. Note that the Polycom 
RSS 2000 recorder can record video from a single 
endpoint or—as shown in Figure 9—a multipoint call 
through a conference server such as the Polycom 
RMX 2000 server. As a rule, the stream reaches the 
streaming clients on PCs within 10 to 15 seconds. The 
quality is usually set to standard definition or lower—
this can be controlled by the selected streaming bit 
rate - but new streaming formats allow streaming in 
HD quality. 
 
A video endpoint such as Endpoint C in Figure 9 can 
connect to the Polycom RSS 2000 server and 
playback the recording over a real-time connection. 
This delivers the highest quality since both endpoints 
and the Polycom RSS 2000 server support HD quality 
video and audio.  
 
Once the video is recorded it can be automatically 
moved to a video content management server (here 
the Polycom Video Media Centre™ (VMC) 1000 that 
allows organizing video recordings in programs and 
channels, searching for content, and scalable 
streaming through unicast (point-to-point) or multicast 
(point-to-multipoint) connections.   
 
How can this technology be used in government? 
Recording open meetings for later viewing is one use 
that first comes to mind—tools also allow uploading 
presentation slides and supporting documents to the 
server. The recordings can then be streamed to offices 
and homes and this is excellent method for 
government agencies to provide public access to 
citizens and government staff.  
 
This technology saves time because viewers can be 
directed to a particular chapter of the video recording 
and asks them to only download documents related to 
a section of interest. In fact, “chaptering” is a very 
important feature in video content management 
solutions such as the Polycom VMC 1000. 
 
Government leaders periodically want to share 
information with government employees about new 
initiatives, budget planning and annual priorities. Not 
everyone is available at the same time to participate 
but most are interested in seeing and hearing the 
plans. Video recording, archiving and streaming make 
the session available to all employees either in real 
time or delayed. 
 
Finally, government employees can use this 
technology for continuous training—existing tools allow 
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human resources to track who watched which video 
content. 
 
11.  MANAGING DISTRIBUTED PC CLIENTS  
Telework is increasingly being used by government 
staff to provide flexible schedules and secure the right 
people for positions regardless of location. It also 
supports government green initiatives by reducing 
road congestion and carbon emissions while fostering 
seamless multi-site collaboration by enabling staff to 
see, hear and share content.  
 
Video and content sharing from the PC is a cost 
effective and easy way to stay connected and maintain 
face-time with government teams however the 
traditional challenge was how to make it easy to use 
and manage. Polycom’s recent launch of the CMA 
4000/5000 provides not only a flexible management 
solution for the entire video network but also enables 
up to 5000 desktop clients to connect with any 
standards base video solution. Figure 10 shows the 
different network components managed centrally by 
the CMA 4000/5000. 
 

 
 
Figure 10: Managing Scalable PC Client Solution 
 
The CMA client on PC desktops allows users to 
manage friend lists which can include other CMA client 
users, conference room video systems and bridge-
based virtual meeting rooms. Setting up a video 
meeting becomes as simple as clicking in the client. 
The client also provides availability status of users and 
instant messaging. PCs can receive HD live video and 
content to enhance the quality of experience using the 
CMA client.   
 
Best of all from an IT perspective is the clients are 
centrally managed to make the solution simple, secure 
and scalable. Software updates can be automated and 

the signalling and video sessions are encrypted for 
confidentially. 
 
12.  CONTINGENCY AND RESILIENCE  
Government agencies often have thousands of video 
endpoints and multiple bridges or MCUs which enable 
connecting of several video and audio endpoints. 
There are several management and usability 
challenges associated with these larger networks. 
Users will typically select a specific bridge to call for 
multi-party video conference. If a bridge doesn’t have 
ports or is out of service due to a disaster or other 
failure the user is unable to have their meeting. 
Another key challenge is maintaining users databases 
associated with each bridge. Maintaining a single 
database that all systems use for routing simplifies the 
management process and increases ease of dialling.  
 
The Polycom DMA 7000 call distribution solution 
makes managing a network of multiple bridges as 
simple as managing a single bridge. All bridge users 
will treat the DMA 7000 as their bridge and the DMA 
7000 will handle interfacing with the user database 
and available RMX bridges in the network to setup all 
multiparty conference calls. The benefits are manifold: 

·  Efficient Utilisation – intelligent routing of video 
conference calls to bridges with available 
resources provide improved resource 
utilisation and reduces impacts for fault 
scenarios. 

·  Simplified user management – instead of 
managing independent user databases for 
each bridge in the network for user directories, 
the DMA 7000 will work with the organisations 
LDAP directory to eliminate replicated 
databases and duplicate user entries, and 
provide a single place for user administration. 

·  Ease of Maintenance – planned outages and 
maintenance can be centrally managed with 
redirects away from bridges that are 
unavailable resulting in no end user 
disruptions, no work arounds required for 
upgrades, and flexibility in terms of timing for 
maintenance windows.  

 
Figure 11 illustrates how audio and video end users 
request to join conference meeting room “40 5240” 
and the DMA 7000 identifies an available RMX 2000 
bridge to host the conference.  
 
The Polycom DMA 7000 supports a scalable, 
distributed video architecture supporting the evolving 
requirements of the video-enabled government 
agencies seeking to offer video services to their 
customers. 2 



 
 

©2008 Polycom, Inc.  All rights reserved. Polycom and the Polycom logo design are registered trademarks of Polycom, Inc.   
All other trademarks are the property of their respective owners.  Information is subject to change without notice. 

9 

 

 
 
Figure 11: Fault Tolerant Video Network 
 
13.  THE ROLE OF HIGH-SPEED NETWORKS  
With regard to network requirements, latency, packet 
loss, and jitter are as important as for any form of real-
time communication over IP, for example, voice over 
IP. Specific to visual communications are the high 
bandwidth requirements.  
 
High-speed IP networks are creating opportunities for 
new kinds of real-time applications in government 
organisations around the world. Bandwidth is no 
longer limiting, but rather is driving new applications 
that were impossible even a few years ago. The most 
profound changes are in the area of bandwidth-hungry 
visual communication applications. Figure 12 
summarizes the bandwidth requirements for video. 
The vertical axis of the diagram in figure shows the 
video quality while the horizontal axis shows the 
necessary bandwidth to transmit video at this quality 
across the network. 
  

 
 
Figure 12: Bandwidth Requirements for IP Video 
 
The Common Intermediate Format (CIF) has 
resolution of 352x288 pixels. Current video technology 

allows CIF-quality video to be transmitted at 30 frames 
per second (fps) over 384 kbps. Standard Definition 
(SD) is the quality of a regular TV and has a resolution 
of 704x480 pixels. Current video technology allows 
transmitting SD quality video at 30 fps over 512 kbps 
to 1 Mbps. 
 
The latest generation of telepresence products 
supports high definition, starting with 720p HD or 
1280x720 pixels with progressive scan. Current video 
codec technology allows transmitting HD quality video 
at 30 fps over 1 to 2 Mbps. Immersive telepresence 
requires multiple codecs and uses more bandwidth in 
the IP network. In June 2008, Polycom demonstrated 
HD 1080p at the InfoComm trade show in Las Vegas. 
A 1080p connection at 30 fps requires about 3 Mbps 
bandwidth in the IP network.   
 
Audio—even at the highest quality of 22 kHz stereo—
does not require more than 128 kbps and is therefore 
a comparatively light load on the IP network.   
 
14. LOST PACKET RECOVERY 
Packet loss is a common problem in IP networks 
because IP routers and switches drop packets when 
links become congested and when their buffers 
overflow. Real-time streams, such as voice and video, 
are sent over the User Datagram Protocol (UDP) 
which does not retransmit packets. Even if an UDP/IP 
packet gets lost, retransmission does not make much 
sense, since the retransmitted packet would arrive too 
late; playing it will destroy the real-time experience.  
Lost Packet Recovery (LPR) is a new method of video 
error concealment for packet-based networks, and is 
based on forward error correction (FEC). Additional 
packets that contain recovery information are sent 
along with the original packets in order to reconstruct 
packets that were lost during transmission.  
For example, suppose you have 2% packet loss at 4 
Mbps (losing approximately 8 packets for every 406 
packets in a second). After engaging LPR, the packet 
loss can be reduced to less than 1 packet /5 minutes 
or .00082%.5 
 
Figure 13 depicts the functions in LPR—both sender 
side (top) and receiver side (bottom). 
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Figure 13: Lost Packet Recovery 
 
LPR includes a network model that estimates the 
amount of bandwidth the network can currently carry. 
This network model is driven from the received packet 
and lost packet statistics. From the model, the system 
determines the optimal bandwidth and the strength of 
the FEC protection required to protect the media flow 
from irrecoverable packet loss. This information is fed 
back to the transmitter through the signalling channel, 
which then adjusts its bit rate and FEC protection level 
to match the measured capacity and quality of the 
communication channel. The algorithm is designed to 
adapt extremely quickly to changing network 
conditions—such as cross congestion from competing 
network traffic over a wide area network (WAN).  
 
The LPR encoder takes RTP packets from the RTP Tx 
channel, encapsulates them into LPR data packets 
and inserts the appropriate number of LPR recovery 
packets. The encoder is configured by the signalling 
connection, usually when the remote LPR decoder 
signals that it needs a different level of protection.  
The LPR decoder takes incoming LPR packets from 
the RTP Rx channel. It reconstructs any missing LPR 
data packets from the received data packets and 
recovery packets. It then removes the LPR 
encapsulation (thereby converting them into the 
original RTP packets) and gives them back so they 
can be processed and forwarded onto the video 
decoder. The decoder has been optimized for compute 
and latency.  
 
LPR has advanced dynamic bandwidth allocation 
capabilities. Figure 14 illustrates the behaviour 
  

�
�
Figure 14: LPR DBA Example 
 
When packet loss is detected, the bit rate is initially 
dropped by approximately the same percentage as the 
packet loss rate. At the same time, we turn on FEC 
and begin inserting recovery packets. This two-
pronged approach provides the fastest restoration of 
the media streams that loss creates, ensuring that 
there is little or no loss perceived by the user. The 
behaviour can be modified by the system administrator 
through configuration.   
 
When the system determines that the network is no 
longer congested, the system reduces the amount of 
protection, and ultimately goes back to no protection. If 
the system determines that the network congestion 
has lessened, it will also increase the bandwidth back 
towards the original call rate (up-speed). This allows 
the system to deliver media at the fastest rate that the 
network can safely carry.  Of course, the system will 
not increase the bandwidth above the limits allowed by 
the system administrator. The up-speed is gradual, 
and the media is protected by recovery packets when 
the up-speed occurs. This ensures that it has no 
impact on the user experience. In the example in 
Figure 14, up-speeds are in increments of 10% of the 
previous bit rate.  
 
If the packet loss does not disappear, the system 
continues to monitor the network, and finds the 
protection amount and bandwidth that delivers the best 
user experience possible given the network condition.  
 
A recent evaluation of Polycom Lost Packet 
Recovery™ (LPR™) by the independent analysts from 
Wainhouse Research www.wainhouse.com 
concluded: “While most of the video systems on the 
market today include some form of packet loss or error 
concealment capability, Polycom LPR is one of only 
two error protection schemes available today that uses 
forward error correction (FEC) to recover lost data. 
One of LPR’ differentiators and strengths is that it 
protects all parts of the video call, including the audio, 
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video, and content / H.239 channels, from packet 
loss.” 
 
15. SECURITY AND STANDARDS 
Government agencies – more than most – are 
concerned about secure confidential communications 
and open standards based-interoperability.  
 
Polycom solutions include robust AES encryption 
which is globally accepted for secure media streams. 
Agencies can acquire and connect Polycom’s video 
conferencing equipment to their networks with 
confidence that the information being transmitted is 
secure. In addition, agencies and other organisations 
seeking to protect against industrial espionage, can 
rely on Polycom solutions to transmit information 
requiring a higher level of security to protect critical 
information. 
 
Standards are crucial for government organisations to 
ensure interoperability not only between agencies but 
also between countries. Polycom actively contributes 
our technical expertise and management 
recommendations to world and regional standards 
committees. One of which is the International 
Telecommunications Union (ITU). The ITU is an 
International organisation within the United Nations 
System where governments and the private sector 
coordinate global telecom networks and services. 
Recommendations on standards from the ITU are high 
quality because they guarantee the interconnectivity of 
networks and enable telecommunications services to 
be provided on a worldwide scale. 
 
Many of the industry’s standards, including H.264 for 
video compression, H.239 for simultaneous display of 
people and content and G.722.1 Annex C for high 
fidelity sound are based on Polycom technologies, 
including Siren™ 14. This focus and commitment to 
innovation and development is an ongoing effort to 
consistently improve the end user collaboration 
experience and shape the future of real-time 
communications. 
 
16. CLIMATE CHANGE GREEN INITIATIVES 
The UK Climate Change Act has embarked on an 
ambitious plan to reduce greenhouse gas emissions 
by having legally binding emission targets - an 80% 
cut by 2050, with five-year carbon budgets along the 
way. 
 
A key component of achieving this goal will be 
reducing travel. Telepresence is one way government 
organizations can help drastically reduce their 
emissions. The technology facilitates face-to-face 

presentations and meetings with a broader audience 
without travel related emissions and cost.  
 
CONCLUSION 
High-speed IP networks allow new kinds of visual 
communication applications for government 
organisations.  
 
The abundance of bandwidth allows HD video and 
audio deployments for advanced collaboration, 
telepresence, content sharing, transmission of DVDs 
and 3D maps and models, etc. 
   
Polycom is driving these market and technology 
developments and is promoting the use of video in 
government environments. 
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