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Introduction  

Today, the delivery of digital video across networks is done very efficiently using 
networks that replicate the video signal millions of times to geographically 
distributed receivers. While the delivery is optimized for distribution, the 
infrastructure and technology for assessing the quality at the receivers is 
neglected at the beginning of an operation. Now, media network operators 
recognize that an open issue exists to automatically assess and measure the 
quality of reception in order to respond effectively to customer requests claiming 
lack of quality and inability to receive the signal. An automated measurement 
system allows to better serve customers, reduce the cost of operation of 
customer support, and to reduce churn of unsatisfied customers to other media 
networks. This whitepaper highlights the reasons for bad reception quality and 
compares different approaches to quality measurement to improve the 
operation.  

The reason for Quality variances can be located at different points inside the 
network, including the receiver premise equipment. Different networks require 
different approaches to the problem; therefore we will first highlight different 
distribution networks: 

·  Cable: From the source video feed replicated across a backbone 
infrastructure to multiple cable video headends, the signals are 
replicated from the headend via a tree-like physical cable infrastructure 
down to the households. 

·  Satellite: From the source feed delivered to a sending satellite uplink, 
the signals are replicated at the satellite to arrive via  the receiving 
antennas directly at the household or at receiving cable head-ends for 
further distribution down to the household. 

·  DSL: IPTV video signals are replicated using IP Multicast inside an IP 
network for tree-based distribution via Point of Presences through 
DSLAMs down to the receiving household [10]. 

·  Digital Terrestrial Broadcast: The signal is replicated in a backbone to 
reach multiple transmitter antennas. From the antenna the video signals 
are sent via a wireless connection to the household 

·  Mobile: The emerging DVB-H transmission foresees the delivery of 
video signals to handheld devices via digital terrestrial broadcast 
infrastructure with slight changes in the transmission scheme to 
accommodate low-power at the receiver. 

·  Enterprise Broadcast Networks: Enterprises use their own IP network 
to replicate video signals via a hybrid IP unicast and IP multicast 
transmission down to the employee at his work place [9]. 

For the remainder of this Whitepaper we will exclusively consider video delivery 
via IP networks, since reception problems are more frequent in this area due to 
the fact that video via IP networks is relatively new compared to other 
established networks for video propagation.   
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QoS of Video IP Transmission 

Definition of Video Quality 
Looking at the final result – that is the video being played back at the receiver, 
quality is subjective. This is the reason that there exists no universally approved 
and adopted scientific measure of video quality [1].   

Measuring the subjective visibility of visual artifacts accurately and reliably is 
difficult [2]. Therefore most research focused on metrics based on models of the 
human visual system [3] and tried to evaluate the metrics against the mean 
opinion score. Significant work that had achieved to provide a scientifically 
correct measure is found in [3][4]. Results showed that the automated 
measurement of video quality matches up to 90% the Mean Opinion Scores 
(MOS) of several viewers that had been independently exposed to the same 
video playback. 

Unfortunately, the proposed scientific measures requires heavy computation on 
the received video signal, such that it is impractical to use post-distribution at 
millions of receivers, which often use closed, cost-effective Set-Top Boxes. 

Video Quality in IP Networks 
In the absence of a scientific measure of video quality post-distribution the 
industry focused on measuring several parameters that are known to 
significantly impact video quality at the receivers. Looking at the entire video IP 
delivery system the following components of the distribution chain can impact 
the quality: 

1. Capturing Device & Setting: Camera, Lighting & Set - A professional 
production setting will increase the quality of the obtained content. 
Camera technology that captures the set exists for a variety of desired 
qualities. It is not necessary to go into more details of the camera and 
production settings (lens, resolution, etc.) 

2. Encoder: The encoder takes a captured video signal and codes it into 
the chosen digital form. Key configuration choices of the encoder, such 
as bandwidth and format can impact quality. 

3. IP Distribution Network: IP networks do not guarantee any quality of 
service; packet duplicates, delays, and loss can be expected. 
Accordingly, the video quality of video delivered via an IP network can 
be impacted. The fact that IP networks, such as the Internet, are 
oftentimes composed of independently managed, autonomous systems 
further puts constraints on video quality during transmissions.  

4. Receiver / Playout: Compressed digital video requires a significant 
amount of decoding resource on the playout device (a Set-Top Box or a 
PC). In Set-Top Boxes video decoding is in 99% of the cases done in 
hardware, while PCs min most of the cases do software decoding and 
therefore need a sufficiently strong processor and enough memory to 
guarantee for good video quality after decoding. 
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Existing Products  

IQ MediaAnalyzer [7] and QOSmetrix Solutions [8] measure packet-level 
characteristics of streams, such as jitter, delay, loss. Unfortunately, they do not 
support video quality measurement of WindowsMedia and in QOSmetrix case do 
not allow to measure unicast streams.  

Psytechnics [5] Video Agent (PVA) uses an intrusive method for assessing video 
quality, where a known video is sent through the equipment or network under 
test and the degraded signal is saved and compared to it. This solution suffers 
from prohibitive computational cost for analysis of quality at various sites 
simultaneously. 
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Reliability of IPTV Components 
Amongst the components in the media delivery chain (Capturing Device, 
Encoder, IP Distribution Network, Receiver / Playout) two of them (Capturing 
Device and Encoder) are market-proven and stable since years due to daily use 
by the digital broadcast industries delivering television.  

Capturing device and encoder are known for broadcast quality and reliability 
and they are mature components in a relatively “old” market of digital broadcast 
equipment and can therefore be neglected as number one source of problems. 

Much more problematic is the IP delivery and the reception / playout part, since 
the IPTV industry is a very young industry that is just starting to proof that it is 
capable of delivering broadcast quality to IP-based receivers. The number on 
sources of problem in delivering broadcast television across a network is 
therefore the IP network and the receivers themselves. Therefore, the rest of the 
paper is focusing on the main sources of problems for video quality. 

Receiver and Playout provide for the number one reason of bad quality 
perceived by the viewer. Of course. Statistically the large number of receivers 
provides for the majority of incidents, compared to a relatively small number of 
network elements inside an IPTV network. On the other hand in a broadcast 
setting is the significance of a failure within the network much greater, since a 
large number of viewers are affected simultaneously. It is therefore ultimately 
important to consider how many receivers were affected by bad quality in order 
to prioritize the impact and recovery procedures. 

Receivers using hardware decoding are a smaller source of trouble, since the 
performance-intensive decoding operation happens on dedicated chips. 
Receivers using software decoding provide a source of failure, since the 
resources dedicated to the video reception, decoding, and playout are shared 
with other processes running on the same machine. The figure below shows the 
involved components for an older PC: 

For software decoding receivers it is important to understand that stronger 
compression of the video requires more CPU and a larger buffer for decoding. 
Strong decoding therefore impacts delay until playout (caused by the receiver) 
and increases the vulnerability to other highly CPU-intensive processes on the 
same machine that may delay frames for playout and result ultimately in loss of 
the frame (in live video) causing visible degradation of quality. The same is true 
for larger video size (spatial): high resolution video (more pixels) requires more 
processing and can easier cause bottlenecks on the receiver’s resources 
resulting in loss of quality. The same is true for a larger video size (temporal): 
High-resolution video (more frames/ sec) requires more processing, higher 
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bandwidth from the components and can easier cause bottlenecks on the 
receiver. 

TIP 

It is advised to define a minimum hardware and to  
try different video encoding parameters (size, frames/sec, 
compression) until the minimum hardware performs well for 
software decoding under required side effects. 

 

The loss of frames before playout may also be caused by the loss of IP packets 
before they are at the receiver in the decoding buffer. In this case, loss is caused 
in the majority of the cases by the network losing IP packets - this case will be 
discussed in the next section. The other cause of packet loss at the receiver 
might be the receivers network interface itself.  

The perceived quality degradation of the decoding receiver under packet loss 
depends mainly on the ability of the decoder to deal with lost information. Some 
decoders are able to gracefully degrade the video quality, which is in general 
perceived by viewers less problematic than abrupt outages. Codecs that were 
traditionally used to transmit media via the Internet are much more adapted to 
deal with packet-loss through graceful degradation than industry broadcast 
codecs, such as MPEG-2. 

The IP Distribution Network 

The network consists of routers and 
switches that forward and route IP packets 
from various senders to various receivers, 
amongst others also the IP packets with 
the video from the sending encoder to the 
viewing receivers.  

Within the network nodes (router / switch) 
packets may be delayed or lost. An IP 
network in general does not give any 
guarantee on (i) packet arrival (ii) 
duplication, or (iii) delay of packet delivery. 
While duplication of packets in IP networks is a thing of the past, delay and loss 
of IP packets may cause the loss of quality at the receivers. Oftentimes in the 
context of video networks jitter is mentioned, which is the variation of delay 
between subsequent packets over a large number of sent packets. In IPTV jitter 
can be neglected, since the buffer sizes at the IPTV receivers are large 
compared to the relatively small variances in packet arrival times – the buffer at 
the receiver effectively eliminates jitter. Therefore, the main source of quality 
loss for viewers is packet loss from the network.  

The major reason for 
packet loss in IP 
networks is buffer 
overflow in network 
nodes at the outgoing 
interface. If the 
aggregate IP traffic 
from the incoming 
interfaces to the 
outgoing interface is 
too high, the buffers 
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of the outgoing interface will fill up and at some point the buffer is full and new 
packets will be dropped, causing packet loss inside the network. This is the 
standard mode of operation in an IP network. 

As already discussed dependent on where the loss happens inside the IPTV 
distribution network many receivers might be affected and many viewers will 
claim bad quality.  

CONCLUSION 

It is ultimately important to have the ability to match viewer claims of bad quality 
to the cause of the problem. This chapter has shown that the receiver itself, and 
the IP distribution network are the two main reasons of video quality loss at the 
receivers. For software decoding receivers the problem of insufficient resources 
or highly demanding parallel processes are main cause of loss of video quality. 
For this case, the definition of a minimum required hardware is proposed and the 
adaptation of the video encoding to match the minimum hardware for good video 
quality.  

For loss inside the IP distribution network, in the worst case all viewers are 
losing video quality but also only some receivers might be affected. In order to 
answer viewer requests on loss of quality fast; first loss needs to be detected, 
second localized, and the issue needs to be resolved. 

Due to the distributed nature and the potential size of an IPTV network 
monitoring single sites separately is becoming an expensive undertaken. Ideally, 
a fully automated system provides real-time alerts and information to the IPTV 
operator for the case of packet loss – before the first viewer calls. 
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Video QOS Measurement with 
Castify CBN 

Motivated by the initial sections the objectives for any Video QoS Measurement 
system are: 

� � Detect video quality problems. 

� � Localize the problem. 

� � Real-time. 

� � Automatically. 

Existing products fail to provide a practical solution for these objectives in an 
IPTV setup. 

Castify CBN 
Castify’s C-Routers span an overlay infrastructure on top of the existing IP 
network that allow for a network-wide collection of performance measures of the 
distributed video at various points inside the network. 
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QoS Measurement Components 
For video quality measurement Castify offers an infrastructure measurement 
solution as part of CBN. The solution can be deployed and upgraded across the 
network at anytime and provides for real-time and historical QoS measurements 
during operation. 

Two type of measurement procedures can be distinguished: 

1. Active Network QoS agent  Reporting, where a C-Router module acts 
as an end-user at the location of the C-Router, is remotely started to 
measure. 

2. Passive End-User QoS Reporting, where for all video transmissions 
the receiver at the end-user reports QoS statistics back to a C-Router in 
a data center that serves him. 

Properties of both procedures are shortly summarized in the table below: 

 Passive End-User 
QoS Reporting 

Active Network QoS 
Agent Reporting 

Measures QoS On the last link (LAN) 
an CPE 

Inside the network 

Perspective End-User  Artificial End-User 
inside the network 

Activation On viewer access On launch through CBN 
Manager. 

Result Available from historical 
statistics viewer as 
known from other CBN 
user statistics. 

As histograms defining 
on the x-Axis packet 
loss categories: 0%-
2%, 2%-4%, … and on 
the y-axis the number 
of end-users per 
category 

List of (video) links 
involved in the 
distribution and the 
quality of Service for 
the specific content: 

CR x �  CR y ; e% 

CR y �  CR z ;  l% 

… 

Content-specific Yes Yes 
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Active Network QoS Agent Reporting 

The QoS agent: A module for C-Routers that can be deployed across the 
network through the standard Castify software 
update procedure.  

The QoS agent measures packet loss and other 
parameters for quality monitoring. The QoS agent 
can operate in two modes: 

Active: The QoS agent is executed on each C-
Router of a group of C-Routers. Therefore distributed measurement can be 
kicked-off from one operator at a central location. At each location of a C-
Router with involved QoS agent, the QoS agent will request the stream itself 
just as an end-user at the location of the C-Router. The standard C-Router 
communication framework is used post-measurement to report statistics 
back, avoiding any additional configuration of firewalls.  

Measurement and Reporting by Active Network QoS Agent allows to run adhoc 
quality tests across the entire network for distribution and quality. 

The centrally produced view of quality on all links between involved C-Routers 
allows to quickly localize network problems prior to important events. 

 

Passive End-User QoS Reporting 

For additional quality assessment across all end-users passive End-User QoS 
reporting provides for the required mechanisms. 

Enabling Passive End-User QoS Reporting means that centrally a specific 
content was selected for continuous QoS measurement at all receivers. As an 
effect on each content access in CBN, the right parameters are communicated 
to the decoder in order for him to report the decoder’s measurements back to the 
closest C-Router.  

In an IPTV scenario there might be millions of users potentially, such that the 
distributed collection of the measures allows to scale to a very large audience for 
live events, where users are synchronized for the content. 

After local QoS measurement collection at every C-Router the standard C-
Router communication framework is used to report statistics back to the NOC 
and to store them in a database for analysis after the event. 

The view of 
statistics allows to 
obtain per 
location the QoS 
measurements of 
all users in a 
histogram view. 
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Fulfilling the Objectives 
This approach fulfills the objectives: 

Detect video quality problems. 

Through the measurement of the most significant parameter impacting video 
quality by QoS agents problems can be detected by launching measurements in 
active mode and they are detected continuously in passive mode for later 
analysis post-event. 

Localize the problem. 

Comprehensive Monitoring on each C-Router and at the end-users provides with 
detailed quality statistics on a network of measurement QoS agents on the 
distribution paths of the video. Network quality problems experienced by viewers 
can now be localized and the impact of problems and the number of affected 
viewers and locations is known. At the Network Operation Center a central 
quality monitoring tool provides for all local conditions between pairs of C-
Routers that allows to identify the problem visually. 

For viewers reporting bad quality the network knowledge through QoS agents on 
C-Routers allows to possibly exclude the IP network as cause and the passive 
monitoring of QoS at all viewers will identify the software decoding receiver with 
high concurrent load as cause. 

Real-time. 

Castify’s C-Router communication framework allows the QoS agent to 
communicate alerts in real-time directly to the Network Operation Center (NOC), 
the same way QoS statistics are transmitted on the fast track back to the CBN 
Manager. 

Automatically. 

Testing a video distribution for quality assurance does not require staff all around 
the IPTV network at various locations to access manually a given video for 
transport quality review but allows to act fully automatically.  

QoS agents can be launched in active mode at various distributed sites to 
access a certain video, all remotely controlled from the network operation center, 
whereto also the feedback on the quality is reported. 
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