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Apparatus and Method for Monitoring Performance in a Communications

Network

Technical Field

The present invention relates to an apparatus and method for monitoring
performance in a communications network, for example service performance
relating to media streaming (such as for example video streaming) in a

communications network.

Background
There are various types of video streaming services delivered to users using

telecommunication and internet service provider (ISP) networks. For example,
these include video-on demand (VoD) whereby a user can browse and stream
previously recorded videos, live streaming whereby a user can watch live video
(for example related to an event such as a sporting event), and time-shifted TV
whereby the user can watch recorded TV. Video streaming service impairment
can occur due to various issues and problems within the network. From the
perspective of both the user and the telecommunication network operator or
internet service provider it is important to monitor the service quality delivered to

the end user so that any issues can be observed and rectified.

A video streaming service can be provided using various techniques. The
Internet Protocol Television (IPTV) service is realized either based on a IP
multimedia subsystem (IMS), or non-IMS based system. IMS has been
introduced by the 3GPP initiative as the architectural subsystem that is
dedicated to control and provide multimedia services over packet based core
networks within third generation mobile networks and next generation networks,
such as Long Term Evolution (LTE). IPTV is therefore implemented on top of
different technologies which make use of a combination of various protocols. In

addition, in the digital TV domain, Hybrid IPTV is emerging and it is known to
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have set-top-boxes (STBs) which support both traditional IPTV and WebTV

using access to the internet.

The operators who provide communication services (for example “bit-pipe

providers” to YouTube content) and high-level end user services (such as IPTV
from its own video head-end) are interested in monitoring the Quality of Service
(QoS) that the end user is receiving. Based on this monitoring, the operator can

gauge the quality of the service delivery.

However, in the context described above for monitoring video streaming service
performance, it is a daunting task for operators to devise different monitoring

solutions to cover the entire spectrum of video streaming services.

The solutions available today are mostly monolithic point solutions targeting a
particular service, and they are generally based on network probes that provide

information about the traffic at different points in the network.

Known solutions consist of estimating the service quality, which is expressed
using a so-called measure Quality of System Service (QoSS). The QoSS is
derived from the measurement of network level key performance indicators
(KPIs). A KPI is a performance measure for a particular characteristic and is a
measureable objective. KPIs are expressed as numeric values, and generally

these values are expressed as ranges, upper limits, lower limits or percentages.

The KPIs can be divided into so-called Resource Service KPIs (R-KPIs) and
System Service KPIs (S-KPls).

R-KPls are network level KPls for a given network resource, such as a link,
bearer, node, and so on. These include performance measurements relating to
the network resources, for example packet loss, jitter, packet delay, amount of

packet reorder, etc. These KPIs are objective measurements.
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S-KPls are a set of specific KPls that represent characteristics for a specific
system service, for example a service such as IPTV, and are based on events
such as the frequency of choppiness, the frequency of frame freezes, access
time, and so on. Further details of S-KPIs can be found in WO2008/121062A1.

S-KPls are higher level key performance indicators that are directly

characterizing the end user service

Each S-KPI measures only one aspect of service performance. The overall
service performance can be expressed using the so-called Quality of System
Service (QoSS) metric which combines several (for example up to ten) S-KPls

of the same service.

Some of the disadvantages found with existing QoSS monitoring solutions are

discussed below.

Some solutions are based entirely on terminal reports provided by end user
devices. This approach is based on the assumption that an operator is able to
receive terminal reports from the end user devices. In general this is not a valid
and reliable assumption since most terminal equipment devices are not capable

of collecting or sending terminal reports.

Another known solution is human centric, involving manual mapping of service
quality in terms of QoSS to R-KPI values. Here humans map in design time
different R-KPIs values to expected service quality perceived by the user. In this
approach, the manual mapping of R-KPIs to QoSS is very time consuming,
error prone and rigid. It is rigid in the sense it cannot adapt to changes in the
system (i.e. network topology and technology changes) and new devices. As a

result such methods are not viable in a dynamic network.
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A further disadvantage of the solutions described above is that a relationship
between S-KPIs and R-KPIs must be established for each different type of
application, or each different media stream being monitored. As such, existing
solutions have the disadvantage of requiring different monitoring solutions for
different video streaming services, for example, and often rely on receiving

terminal reports from end user devices.

Summary
It is an aim of the present invention to provide a method and apparatus which

obviate or reduce at least one or more of the disadvantages mentioned above.

According to a first aspect of the present invention there is provided a method
for monitoring the performance of a media streaming service being used to
deliver media streams to user equipment devices. The method comprises the
step of determining an encoding characteristic of a first media stream being
monitored. A functional dependency model is established between a first
System Service Key Performance Indicator, S-KPI, and one or more Resource
Service Key Performance Indicators, R-KPls, for the first media stream. The
established functional dependency model is used for monitoring a second
media stream having the same encoding characteristic as the first media

stream.

An advantage of the embodiment described above is that a functional
dependency model between S-KPlIs and a plurality of R-KPls does not need to
be established for each and every type of different media streaming service.
Instead, a functional dependency model established for a media stream having
a particular encoding characteristic is used for monitoring a second media

stream having the same encoding characteristic as the first media stream.

According to another aspect of the present invention, there is provided a

monitoring device for use in a communications network for monitoring the
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performance of a media streaming service that is used to deliver media streams
to user equipment devices via the communications network. The monitoring
device comprises a detection module adapted to determine an encoding
characteristic of a first media stream being monitored, and a processing module
adapted to establish a functional dependency model between a first System
Service Key Performance Indicator, S-KPI, and one or more Resource Service
Key Performance Indicators, R-KPIs, for the first media stream. The processing
module is further adapted to use the established functional dependency model
for monitoring a second media stream having the same encoding characteristic

as the first media stream.

According to another aspect of the present invention, there is provided a

communications network as defined in the appended claims.

Brief description of the drawings

For a better understanding of the present invention, and to show more clearly
how it may be carried into effect, reference will now be made, by way of

example only, to the following drawings in which:

Figure 1 shows an example of a typical communication network;

Figure 2 shows a flowchart illustrating the steps performed by an embodiment

of the present invention;

Figure 3 shows the steps performed by a method that can be used with an

embodiment of the present invention;

Figure 4 shows a table for storing time-correlated S-KPls and R-KPIs for an

individual service user in one embodiment of the present invention;
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Figure 5 shows a flowchart illustrating the steps performed by another

embodiment of the present invention;

Figure 6 illustrates an example of a linear mathematical relationship between an
R-KPI and an S-KPI for media streams having different encoding

characteristics;
Figure 7 illustrates the impact of an encoding characteristic such as encoding
bit rate on the slope parameter, the slope parameter being the slope of the S-

KPI versus R-KIPs curve;

Figure 8 shows a flowchart illustrating the steps performed by a further

embodiment of the present invention;

Figure 9 shows a monitoring device according to an embodiment of the present

invention; and

Figure 10 illustrates how embodiments of the present invention may be used

with an application having an adaptive CODEC.

Detailed description

The embodiments of the invention will be described below in relation to
monitoring the performance of video streaming. However, it is noted that the
invention is intended to embrace the performance monitoring of any form of
media streaming service including, but not limited to, applications such as Voice
over Internet Protocol (VolP), Internet Protocol Television (IPTV), Video on
Demand (VoD), Multimedia Telephony Service (MMTel).

The embodiments of the invention provide a generic solution to performance
monitoring, which can be used with many different types of media streaming

services and their flavours, and with different end user devices (i.e. user
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equipment devices). It is noted that the embodiments can be deployed in any
node of a communication network, including network edge devices such as
home gateways. The ability to position the embodiments in such nodes, close to
the end user, enables a better understanding of the various problems
experienced by the end user to be established, and thus allow the operator to
have a better understanding of the real quality of the services from the user

side.

Figure 1 illustrates a communications network having various network nodes
that route signals between various user equipment (UE) devices (for example:
laptop 4; phone 2, 3; PC 5; PDA1, etc). The network elements 6 to 10
communicate over communication links which include mobile links, satellite
links, microwave links, fibre optic links, copper wire links, etc. One of the nodes
comprises a monitoring device 6 that monitors the performance of the various

communication links.

As will be described in greater detail later in this application, embodiments of
the present invention use System Service Key Performance Indicators (S-KPlIs)
and related Resource Service Key Performance Indicators (R-KPIs) to monitor
the performance of a media streaming service to end user devices, such as the
user equipment devices 2, 3, 4, 5. Functional dependency models between S-
KPls and R-KPIs are often used to model system behaviour, for example in an
application where end user devices are not able to provide terminal reports that

provide actual S-KPI data.

The embodiments of the present invention are concerned with optimizing the
building of such functional dependency models, when monitoring the
performance of media streaming services being used to deliver media streams

to user equipment devices.
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It is noted that the embodiments of the invention are applicable for different

classes of CODECs, including:

1) non-adaptive class of media CODECs (including MPEG2), whereby media
encoding parameters are not adapted and changed during the transmission of
the media (for example to adapt to network conditions and other entities such

as a receiving client, or depending on the nature of the media/content).

2) adaptive class of media CODECs, whereby media encoding parameters
(such as bit-rate, frame-rate) are adapted and changed during the transmission
of the media (for example to adapt to network conditions such as available
bandwidth, or other entities such as a receiving client, or in dependence on the

nature of the media/content).

The embodiments of the invention will first be described in relation to an
application where non-adaptive CODECs are used, whereby media encoding
parameters are not changed during transmission. However, later in the
application it will also be described how the various embodiments can be used

with applications where adaptive CODECs are used.

Referring to Figure 2, according to an embodiment of the present invention, a
method for monitoring the performance of a media streaming service being
used to deliver media streams to user equipment devices comprises the step of
determining an encoding characteristic of a first media stream being monitored,
step 201.

In step 203, a functional dependency model (f) is established between a first
System Service Key Performance Indicator, S-KPI, and one or more Resource
Service Key Performance Indicators, R-KPls, for the first media stream. The

one or more R-KPIs relate to resources (for example bearers, links, nodes etc)
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in the communication network used to deliver the first media stream to user

equipment devices.

The established functional dependency model (f) is used for monitoring the
performance of a second media stream having the same encoding

characteristic as the first media stream, step 205.

As such, rather than having to establish a functional dependency model
between each S-KPI and a plurality of R-KPlIs for every type of different media
stream that can be delivered to user equipment devices, the embodiments of
the invention have the advantage of optimizing the functional dependency
model, by reusing the model of a media stream having a particular encoding
characteristic when monitoring another media stream having the same

encoding characteristic.

According to one embodiment, the encoding characteristics of different media
streams are categorised into a plurality of distinct levels L, such that a functional
dependency model established for a media stream having a particular encoding
level L, is used when monitoring another media stream having the same

encoding level L.

The functional dependency of an S-KPI from several R-KPlIs is therefore
determined by the encoding parameters of a media stream, and not the video
content. The possible parameters of interest include, but are not limited to, the
type of codec used to encode the media stream (e.g. type of video codec), the
average bit rate of the media stream, the maximum bit rate of the media stream,
an indication whether the media stream is a variable or constant bit rate media
stream, a frame rate of the media stream, and so on. Therefore, the proposed
embodiments can use the same functional dependency model to monitor the
quality of two different videos encoded with the same characteristics or

parameters.



10

15

20

25

WO 2013/091715 PCT/EP2011/073853

10

The encoding characteristic of a media stream can be learnt by a monitoring
device or node in several ways. For example, the encoding characteristics can
be determined from information received from a source of the media stream, for
example from information received from a video streaming head-end. The
encoding characteristics can also be obtained from a header portion of the
media stream, for example a video header of a streamed video file. A probing
mechanism may be provided in the network which extracts and forwards
information about the encoding characteristics from a streamed file to a
monitoring device or node. Any one of these techniques may be used in

isolation or in combination to obtain details of the encoding characteristics.

As mentioned above, the embodiments of the invention can be used with
applications where functional dependency models between S-KPls and R-KPIs

are used to monitor performance of media services provided to end users.

An example of such an application is described in an earlier application by the
present Applicant, PCT/EP2010/067715. In PCT/EP2010/067715 a generic
solution for monitoring any type of service provided to an end user is described.
The solution consists of estimating the service quality, expressed using a so-
called measure Quality of System Service (QoSS), from the measurement of
network level R-KPIs (for example packet loss, jitter etc.). To monitor the
quality of a service, the system collects the plurality of R-KPIs and applies a
pre-built functional dependency model (which is a form of “mapping” between S-
KPIs and R-KPIs which can be in the form of a mathematical formula or in a
different form) to calculate the value of the QoSS. The QoSS can be a
combination of several S-KPls (for example the frequency of “choppiness”

events or the frequency of “frame freeze” events, etc.).
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The application described in PCT/EP2010/067715 describes a method for
automatically building the model that is applied to measure service performance
from R-KPls.

The method involves collecting measurements of R-KPIs from bearers, links,
nodes etc. It also collects parameters of S-KPIs from a representative sample of
service users. It then automatically calculates functional dependency of each S-

KPI of several R-KPIs using Data Mining techniques.

The system divides into clusters a representative sample of service users
(which can send terminal reports) on the basis of a functional relationship
between resource service performance (measured by R-KPIs) and service
performance parameters (S-KPIs). Then for every cluster it calculates a generic
relationship between R-KPIs and S-KPlIs that is representative for the cluster
members. It allows an operator to assign the terminals which cannot send
terminal reports to a “closest” cluster and predict S-KPls values for this terminal
using previously obtained function and R-KPIs measurements. As a result the
operator can assess performance of services run on terminals which cannot or

do not send service performance parameters.

The method therefore assumes that service users can be distinguished into two
types of users: users with devices that can send terminal reports and users
having devices that cannot send terminal reports. S-KPIs collected in the
terminal reports are used to build a model representing the relationship between
R-KPls and S-KPls. This model is then applied to estimate S-KPIs (and then
QoSS) for the services delivered to the users whose devices cannot send

terminal reports.

There are therefore two main phases in the above: a preparation phase and
monitoring phase. During the preparation phase, the system builds a functional

dependency model between each S-KPI and several R-KPIs for the devices
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that are able to send terminal reports. Moreover, the system will form clusters of
the devices which obtain similar functional expression. At the end of the phase,
users of the remaining devices (i.e. not able to send terminal reports) will be
assigned to the “closest” cluster. The “closest” cluster can be determined on the
basis of several parameters (e.g. geographical proximity, network topology
proximity, end user device performance, etc.). In the monitoring phase, the
system monitors the quality of video services consumed by the users. It collects
R-KPI parameters and applies the functional dependency built in the

preparation phase to estimate S-KPI values.

Referring to Figure 3, further details will now be provided in connection with how
a functional dependency model is built between each S-KPI and one or more R-
KPls. It is noted that other methods of building a functional dependency model
are intended to be encompassed by embodiments of the invention. The
monitored video streaming services use network resources and therefore the
performance of network resources (measured by R-KPIs) is reverberated in the
values of S-KPIs. The values of R-KPIs and S-KPIs are cross-correlated and
the monitoring server uses automatic methods (based on machine learning and
data mining algorithms) to establish the cross-correlation, and Figure 3

illustrates an example of a method to calculate this function.

The method shown in Figure 3 is performed for every user device that reports
S-KPls. First, a subset of S-KPIs that are generated by a single user device is
selected, step 301. These parameters will correspond to numerous video

streaming services run on the corresponding user device.

Next, the values of S-KPls are time-correlated with collected R-KPls, for each
service user independently, step 303. Therefore, they can be stored in a table
as shown in Figure 4. The time parameter corresponds to an approximate
timestamp of collecting R-KPIs and S-KPI. There are one or more measured R-

KPI values, R-KPI4to R-KPI,, which are network related parameters.
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It is noted that, for ease of readability, the following description relates to the
estimation of S-KPI when one specific encoding parameter is involved (in other
words, one is being changed and others are fixed); more specifically the
embodiment is described using an example where the bit rate is being changed.
However, it is noted that the invention is intended to cover more general
embodiments, including embodiments where a number of encoding parameters

are being changed (for example, bit rate, frame rate etc.).

In the table shown in Figure 4, the value S-KPI; (A) represents a specific aspect
“I” of performance (for example choppiness) of a video streaming service with
an encoding characteristic having a specific level L (for example a particular bit

rate) and used by a single user A.

In one embodiment there are several S-KPIs (for example choppiness, frame
freeze etc.) corresponding to the same video streaming service and each of
them is represented with an unique index “i” for the same user A. Also the video
encoding characteristic can take a limited number of levels, as discussed

above, such that each level is represented by a unique value L.

Then for every S-KPI the mathematical function is automatically established
using Machine Learning and Data Mining methods, step 305. For a given
CODEC and for a given type of encoding parameter L, the function will have a

format:

S-KPIiL (A) = f (L, R-KPl4, R-KPIy, R-KPlI3, ) (F1)

The possible methods to obtain this formula are linear regression, polynomial
fitting, support vector regression, etc. These methods are known in the art and
will not be discussed here in detail. The used method for obtaining the formula

extracts only the R-KPIs that have impact on the value of considered S-KPI,
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such that the S-KPI and used R-KPls are correlated variables. As a result the
system will automatically detect which are the network resources KPls that
influence a service because their R-KP| parameters will be present in the
formula calculating the S-KPI of this service. The obtained function can be

stored in a local database for further analysis.

It is noted that in the example above, for ease of understanding, the model is
described for a simplified example having just one parameter that changes,
using a model similar to equation (1), it is possible to estimate S-KPI of
choppiness for a given video stream if the bit rate is known, if one of the

encoding parameters L is known, and the packet loss is known.

However, in reality it will be appreciated that there are many different video
streams having different encoding parameters (such as bit rate). It is a time and
resource consuming task to build a model for each encoding parameter such as

for each bit rate of different video formats.

The embodiments of the present invention provide an advantage over the
technique described in PCT/EP2010/067715, in that it is not necessary to build
a model for every type of media, such as every type of video. Instead, the effect
of an encoding characteristic (or encoding characteristics) on the relationship
between R-KPIs and S-KPlIs is used to reduce the number of individual
functional dependency models that need to be established in the overall
functional dependency model. This is made possible by the fact that it is the
encoding characteristics of a video stream, for example average bit rate or
frame rate, that affects the relationship between R-KPIs and S-KPIs, and not

the content of the video stream per se.

The embodiments of the invention therefore provide a new method for building
the functional dependency model which can then be used to monitor video

streaming service performance on the basis of R-KPI measurements. The
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proposed solution reduces the effort required to build the model because it does
not have to be created for every video stream, but the same model can be used
for two or more different video streams with the same encoding characteristics
(such as bit rate, frame rate etc.). The effort required to build the functional

dependency of each S-KPI of several R-KPlIs is therefore reduced.

As the video characteristics parameters can take a relatively small number of
possible values, the effort required to build functional dependency of each S-
KPI of several R-KPls is negligible in comparison to a scenario where for every

video the corresponding dependency model is build.

Furthermore, according to another embodiment of the invention, the method
can be optimised further for one or more S-KPIs (for example choppiness)
where there is a particular mathematical relationship, such as a linear
dependency, between the S-KPI| and R-KPIs for media streams having different
encoding characteristics. This linear dependency can be obtained from at least
first and second videos with different encoding characteristics, for example, and
then extrapolated for videos with other values of encoding characteristics.
According to one embodiment, a set of videos are used to determine the

functional dependency, such as a linear dependency.

Further details of this optimisation technique are shown in Figure 5. In step 501
a functional dependency model (f) is established between a first S-KPI and one
or more R-KPlIs for a first media stream. In step 503 a functional dependency
model (f) is established between the first S-KPI and one or more R-KPIs for at
least a second media stream, the second media stream (or further media
streams in a set of media streams) having a different encoding characteristic

(for example different bit rate) to the first media stream.

The functional dependency models for the first media stream and the at least

second media stream are compared, step 505, to determine a mathematical
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relationship (g) between the functional dependency models. For example, the
function g is determined, which can be used to find the slope parameter of a

given S-KPI versus R-KPIs curve as discussed below.

The mathematical relationship (g) is then used, step 507, to extrapolate a
functional dependency model between the first S-KPI and one or more R-KPIs
(such as the slope of S-KPI and one or more R-KPIs curve) for a third media
stream, the third media stream having a different encoding characteristic to the

first and at least second media streams.

According to such an embodiment, it is possible to establish a mathematical
relationship (such as a linear relationship, for example) from the monitoring of
only two videos (or a small set of videos) with different encoding characteristics,
and extrapolate the mathematical relationship for videos with other encoding
characteristics. Therefore, the effort to build the model between an S-KPI and

R-KPIs is reduced even further.

As an example illustrating such scenario, one of the S-KPI| parameters
expressing quality of a video stream is called choppiness and its value
corresponds to the number of choppiness events detected by the end user
client per time unit. The value of choppiness S-KPI depends mainly on the value
of packet loss R-KPI of the end-to-end link between the head-end and video
stream client. Experiments by the inventors have shown that there is a linear
relationship (for example for a MPEG2 CODEC for a given bit rate) between the
value of packet loss R-KPI and choppiness S-KPI, as shown in Figure 6, and
this relationship can be obtained automatically using linear regression. The
impact of bit rate on formula f is given by function g. In this example, for a
MPEG2 CODEC, the slope parameter (gradient) m of the obtained linear model
(i.e., slope parameter of S-KPI vs packet loss curve) depends linearly on the bit

rate encoding parameter of the video stream, as illustrated in Figure 7.
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In this example the expression of the g function is:

m=g (L) = 0.021*L4+15.445 = - (F2)

Therefore, for a certain class of CODEGC, it is possible to establish the slope
parameter and then the linear relationship between the value of packet loss R-
KP1 and choppiness S-KPI for any level of video encoding parameters (e.g.,

frame rate, bit rate etc.) in the following optimized way.

During a preparation phase, the system monitors S-KPIs and R-KPIs values
corresponding to two or more streaming services characterized by different
encoding parameters. From these measurements it is possible to establish a
linear function, unique for each value of encoding parameter of the video,
representing relationship between S-KPI and R-KPI. Each of these linear
functions will pass through the origin of the coordinate system in a failure free
case because when packet loss equals zero, the choppiness S-KPI also is zero.
Moreover, the values of the slope coefficient m of these functions are linearly
dependent on the encoding characteristics (i.e. bit rate) of the video to which
they correspond. Therefore, it is possible to determine the linear function
representing dependence of the slope coefficient m from the encoding
parameter of the video if at least two values of such slope coefficients are
established from the measurements of R-KPIs and S-KPIs. This linear function
can be used in a monitoring phase to monitor S-KPI values on the basis of R-

KPls, as described in the next section.

In a simplified example, for a given CODEC such as MPEG2 (which belongs to
the class of CODECs described above), when other encoding parameters (such
as frame rate) are fixed, it is possible to determine a slope parameter m
empirically using two corresponding video streams. Once the value of m is
known, using extrapolation, a certain S-KPI such as choppiness can be found

using models similar to the ones shown in (F1) and (F2) above.
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Although the embodiments have been described using linear relationships (for
example in Figures 6 and 7 and in equation (F2), it is noted that the
embodiments can be used for any mathematical relationship, including non-

linear relationships.

Another embodiment for monitoring the quality of a media streaming service is
shown in Figure 8, illustrating how to estimate S-KPIs values from the R-KPI
measurements. In a first step 801 the system detects encoding characteristics
or parameters of the monitored video, for example as described above. In step
803 it is determined whether the system is performing an optimization method
(to obtain the functional dependency model g). If it is determined in step 803
that the system is not performing the optimization method, it applies the function
g (which was obtained earlier by performing the optimization) for the video
encoding characteristics, step 805. This functional dependency model,
corresponding to the encoding characteristic model determined in step 801, is
then used as the functional dependency model g to output a S-KPI value, S-
KPlI;, step 807.

If it is determined in step 803 that the system is performing the optimization
method, it determines function g (using a set of videos, for example comprising
two or more videos), step 809, and then applies function g for a specific video
encoding characteristic to find m, the slope parameter of S-KPI versus R-KPls,
step 811. This function f is then used to estimate the value of S-KPI;
parameters based on measured R-KPls, step 807. In other words, once m is
known function f can be used to calculate the S-KPI; value from the measured
R-KPIs. Function g is used to find the coefficient m for the value of encoding

parameters of the monitored video.

Therefore, from the above it can be seen that, if the optimization technique is

being used, the embodiment first determines the function g, and uses the
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function g to find the m value. This then enables the S-KPI value to be
determined. If the optimisation technique is not being used, the embodiment
can assume it has already built the function g earlier, and then use this

previously determined function g.

In order to assess overall performance of a video streaming service, several S-
KPI; parameters are combined, step 813, as described earlier to obtain an

overall QoSS measurement.

Figure 9 shows a monitoring device 901 according to an embodiment of the
present invention. The monitoring device 901 may be used in a communications
network for monitoring the performance of a media streaming service that is
used to deliver media streams to user equipment devices via the
communications network. The monitoring device comprises a detection module
903 adapted to determine an encoding characteristic of a first media stream
being monitored. A processing module 905 is adapted to establish a functional
dependency model between a first System Service Key Performance Indicator,
S-KPI, and one or more Resource Service Key Performance Indicators, R-KPls,
for the first media stream. The processing module 905 is further adapted to use
the established functional dependency model for monitoring a second media

stream having the same encoding characteristic as the first media stream.

According to another embodiment, the processing module 905 is adapted to
establish functional dependency models between a first System Service Key
Performance Indicator, S-KPI, and one or more Resource Service Key
Performance Indicators, R-KPls, for a set of media streams that are used to
build functional dependency models. The processing module 905 is further
adapted to use the established functional dependency models for monitoring

new media streams.
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The embodiments above have described how S-KPI estimation can be carried
out in the context of non-adaptive CODECs and protocols where media
encoding parameters are not adapted and changed during the transmission of
the media to adapt to network (and other entities such as receiving client)

conditions or changed depending on the nature of the media/content.

However, the embodiments can be used to estimate S-KPIs in the context of
adaptive CODECs and protocols where media encoding parameters are
adapted and changed during the transmission of the media to adapt to network
(and other entities such as receiving client) conditions or changed depending on

the nature of the media/content.

Referring to Figure 10, the adaptive CODECs and protocols in an encoder (at a
head-end side 1005) or decoder (at a client side 1007) can change their
encoding parameters (such as bit rate, frame rate etc), for example, during a
particular transmission in order to adapt to changes in the network 1003. These

changes can be considered as state changes in the encoder and decoder.

The extensions and steps provided to handle such adaptive CODECs are as

follows.

1) The mathematical models (functional dependency models) are built
considering each state of the encoder/decoder 1005/1007 and associated
encoding parameters of each state. In other words, the state of the

encoder/decoder is effectively a further parameter of the mathematical models.

2) During an estimation phase, a monitoring system 1009 provided for
monitoring the service of media streaming, for example, is informed about the
state changes of the encoder 1005 and/or decoder 1007. This can be done by
an IPTV head-end (encoder) for example, as depicted in Figure 10. Once this is

known it is used as an input to the mathematical model (functional dependency
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model), and as a result S-KPIs can be estimated appropriately using the correct

models.

The embodiments described above have the advantage of providing a semi-
automatic method of determining what are the network resources having an
impact on the performance of a video streaming service. The method is generic,
independent of network architecture and can be applied to various types of

network (mobile, fixed, satellite, etc).

Furthermore, a network operator does not have to predefine network resources

KPIs that are used by end user services.

The embodiments of the invention enable the monitoring of service
performance on end user devices that are not able to send reports with service

performance parameters.

The embodiments of the invention also reduce traffic load in comparison to the

service monitoring methods which are based on terminal reports.

The effort required to build a functional dependency model between each S-
KPI and R-KPlIs is reduced because the embodiments of the invention reuse a
model for monitoring media streams, such as videos, with the same video
encoding characteristics as the video used to build the model. Therefore the

model is independent of the video content.

If required, the methods described above can also optimize the algorithm used
to build the functional dependency model between an S-KPI (like for example
choppiness) and several R-KPIs because this model is linear, and moreover
the slope coefficient linearly depends on the encoding characteristics of the
video. Therefore it is enough to estimate the linear dependency of the slope

coefficient from the encoding characteristics on the basis of two or more videos
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(for example a set of videos) encoded with different characteristics and

extrapolate this result for any video.

It is noted that the embodiments of the invention allow media streaming
services (for example IPTV, VoD, VolIP) to be monitored for end user devices
for the purpose of quality assurance in communications networks, where
streaming protocols such as RTP are used to deliver content such as video

content.

The inventors have demonstrated from experiments that functional dependency
of an S-KPI value on several R-KPIs does not depend on the video content but
on the encoding characteristics of a video. Therefore the model built in a
preparation phase does not have to be built for every individual video, but
instead a model already created can be reused to apply for monitoring of quality
of a video which has the same encoding characteristics as the video used to
create the model. Furthermore, the proposed embodiments describe a solution
that facilitates S-KPI monitoring based on extrapolation where certain S-KPls
(such as choppiness) changes linearly against certain video characteristics
(such as bit rate of the video) for a given condition of network performance

(e.g., packet loss).

The embodiments of the invention described above learn about characteristics
(like stream bit rate, stream frame rate, codec used) of the videos whose
performance needs to be monitored and apply the functional dependency which
was built on the basis of a video stream with the same encoding characteristics.
In such a scenario a video stream quality monitoring system does not have to
build a functional dependency for every individual video but only for different

levels of video stream characteristic values.

In some embodiments a functional dependency model is built for different levels

L of encoding parameters used to encode video streaming content. However, it
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is possible that the functional dependency model can be expressed as a
function g having as an input attribute the L values of the encoding
characteristics or parameters. Therefore, in certain cases it is possible to obtain
a mathematical formula for function g from the several instances of function f
with different values of encoding levels L. For this, linear regression, polynomial
fitting, support vector regression, etc. can be used. Once function g is obtained,
it can be used to find the function f for the remaining values of encoding levels
L.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many
alternative embodiments without departing from the scope of the appended
claims. The word “comprising” does not exclude the presence of elements or
steps other than those listed in a claim, “a” or “an” does not exclude a plurality,
and a single processor or other unit may fulfil the functions of several units
recited in the claims. Any reference signs in the claims shall not be construed

S0 as to limit their scope.
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CLAIMS

1. A method for monitoring the performance of a media streaming service
being used to deliver media streams to user equipment devices, the method
comprising the steps of:

determining an encoding characteristic of a first media stream being
monitored;

establishing a functional dependency model between a first System
Service Key Performance Indicator, S-KPI, and one or more Resource Service
Key Performance Indicators, R-KPlIs, for the first media stream; and

using the established functional dependency model for monitoring a
second media stream having the same encoding characteristic as the first

media stream.

2. A method as claimed in claim 1, wherein the step of establishing a
functional dependency model comprises the steps of establishing a functional
dependency model between the first S-KPI and one or more R-KPlIs for each of
a plurality of different media streams, each having a different encoding

characteristic.

3. A method as claimed in claim 1, wherein the step of establishing a
functional dependency model comprises the steps of:

establishing a functional dependency model between the first S-KP1 and
one or more R-KPIs for at least a second media stream, the at least second
media stream having a different encoding characteristic to the first media
stream; and

using a mathematical relationship between the functional dependency
models for the first and at least second media streams to extrapolate a

functional dependency model between the first S-KP1 and one or more R-KPls
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for a third media stream, the third media stream having a different encoding

characteristic to the first and second media streams.

4. A method as claimed in claim 1, wherein the step of establishing a
functional dependency model comprises the steps:

establishing a functional dependency model between the first S-KPI and
one or more R-KPls for at least a second media stream, the at least second
media stream having a different encoding characteristic to the first media
stream;

comparing the functional dependency model established for the first media
stream with the functional dependency model established for the at least
second media stream;

determining a mathematical relationship between the functional
dependency models; and

using the mathematical relationship to extrapolate a functional
dependency model between the first S-KP| and one or more R-KPlIs for a third
media stream, the third media stream having a different encoding characteristic

to the first and second media streams.

5. A method as claimed in claim 3 or 4, wherein the mathematical
relationship is a linear relationship, an exponential relationship or a parabolic

relationship.

6. A method as claimed in any one of the preceding claims, wherein the
encoding characteristic of a media stream is determined from information

received from the source of the media stream.

7. A method as claimed in any one of claims 1 to 5, wherein the encoding
characteristic of a media stream is determined from a header portion of the

media stream.
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8. A method as claimed in any one of the preceding claims, wherein the
encoding characteristic comprises any one or more of the following:

a bit rate of the media stream;

an average bit rate of the media stream;

a maximum bit rate of the media stream;

an indication relating to whether the media stream is a variable or a
constant bit rate media stream;

a frame rate of the media stream;

an indication of the type of codec used to encode the media stream.

9. A method as claimed in any one of the preceding claims, wherein the
encoding characteristics of different media streams are categorised into a
plurality of distinct levels, such that a functional dependency model established
for a media stream having a particular encoding level is used when monitoring

another media stream having the same encoding level.

10. A method as claimed in any one of the preceding claims, wherein the
functional dependency model is adapted to take account of changes of state of
an encoder used to encode the media streams, wherein a functional

dependency model is established for each state of the encoder.

11. A method as claimed in any one of the preceding claims, further
comprising the steps of:

collecting R-KPIs from network resources;

collecting S-KPIs from a representative sample of reporting user
equipment devices using the media streaming service;

determining a relationship between the collected values of R-KPIs and S-
KPls;

clustering the user equipment devices from the representative sample
based on the relationship between the R-KPIs and the S-KPIs;

assigning non-reporting user equipment devices to the clusters;
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collecting R-KPls from network resources; and
estimating S-KPI values based on the relationship and the R-KPls

collected after the relationship is determined.

12. A monitoring device for use in a communications network for monitoring
the performance of a media streaming service that is used to deliver media
streams to user equipment devices via the communications network, the
monitoring device comprising:

a detection module adapted to determine an encoding characteristic of a
first media stream being monitored;

a processing module adapted to establish a functional dependency model
between a first System Service Key Performance Indicator, S-KPI, and one or
more Resource Service Key Performance Indicators, R-KPls, for the first media
stream;

wherein the processing module is further adapted to use the established
functional dependency model for monitoring a second media stream having the

same encoding characteristic as the first media stream.

13. A monitoring device as claimed in claim 12, wherein the processing
module is further adapted to establish a functional dependency model between
the first S-KPI and one or more R-KPIs for each of a plurality of different media

streams, each having a different encoding characteristic.

14. A monitoring device as claimed in claim 12, wherein the processing
module is further adapted to establish a functional dependency model between
the first S-KP1 and one or more R-KPls for at least a second media stream, the
at least second media stream having a different encoding characteristic to the
first media stream; and use a mathematical relationship between the functional
dependency models for the first and at least second media streams to

extrapolate a functional dependency model between the first S-KP| and one or
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more R-KPIs for a third media stream, the third media stream having a different

encoding characteristic to the first and second media streams.

15. A monitoring device as claimed in claim 12, wherein the processing
module is further adapted to establish a functional dependency model between
the first S-KP1 and one or more R-KPls for at least a second media stream, the
at least second media stream having a different encoding characteristic to the
first media stream, compare the functional dependency model established for
the first media stream with the functional dependency model established for the
second media stream, determine a mathematical relationship between the
functional dependency models, and use the mathematical relationship to
extrapolate a functional dependency model between the first S-KP| and one or
more R-KPIs for a third media stream, the third media stream having a different

encoding characteristic to the first and second media streams.

16. A monitoring device as claimed in any one of claims 12 to 15, wherein the
detection module is adapted to detect the encoding characteristic of a media
stream from information received from the source of the media stream, or from

a header portion of the media stream.

17. A monitoring device as claimed in any one of claims 12 to 16, wherein the

monitoring server forms part of a network edge device.

18. A communications network comprising a media streaming service that is
adapted to provide media streams to user equipment devices via the
communications network, the communications network comprising:
a monitoring device comprising:
a detection module adapted to determine an encoding characteristic

of a first media stream being monitored;
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a processing module adapted to establish a functional dependency
model between a first System Service Key Performance Indicator, S-KPI, and
one or more Resource Service Key Performance Indicators, R-KPls, for the first
media stream;

wherein the processing module is further adapted to use the
established functional dependency model for monitoring a second media stream

having the same encoding characteristic as the first media stream.

19. A communications network as claimed in claim 18, wherein the processing
module is further adapted to establish a functional dependency model between
the first S-KPI| and one or more R-KPIs for each of a plurality of different media

streams, each having a different encoding characteristic.
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