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1 Introduction

With the advent of 3G mobile communication networks, the classical boundaries between
telecommunications, multimedia and information technology sectors are fading. Thefgba
convergence is the creation of a single platform that will allow ubiquitous access to Internet,
multimedia services, interactive audiovisual services, and in addition (and most important) offering the
required/appropriate perceived quality levelat he end user 6é6s premi ses.

One of the 3G/4G visions is the provision of audiovisual content at various quality and price levels.
There are many approaches to this issue, one being the Perceived Quality of Service (PQoS) concept.
The evaluation of the PQof®r audiovisual content will provide a user with a range of potential
choices, covering the possibilities of low, medium or high quality levels. Moreover the PQoS
evaluation gives the service provider and network operator the capability to minimizer#uye stod

network resources by allocating only the resources that are sufficient to maintain a specific level of
user satisfaction and tune transmission parameters to obtain the best impact on users.

The challenge for the continued growth of VolP servicesthe satisfaction of user quality
expectations, especially their expectation of quality to be comparable to that provided by traditional
telephony to which they are accustomed. Because the Internet is not always able to deliver user
expectations of qualitgiven its unreliability, adaptive mechanisms help deliver quality to as close as
possible to what the users expect or to maximize quality for a given network state.

PQoSdriven alaptive voice quality maximization mechaniserg driven by quality as peeived by

the user. This requirement for making the user perceived quality of service (PQoS) an integral part of
the decision making process entails the ability to measure/estimate VolP quality as perceived by users.
Quality measuring/prediction methods ahltbbe devised to fill this voidnd this deliverable reports

on the perceptual modeling of voice and video quality as part of the ADAMANTIUM research

The evaluation of the PQoS fenice and videacontent provide a user with a range of potential
choices covering the possibilities of low, medium or high quality levels. Moreover the PQoS
evaluation gives the service provider and network operator the capability to minimize the storage and
network resources by allocating only the resources that are suffficienaintain a specific level of

user satisfaction and tune transmission parameters to obtain the best impact on users.

This complex scenario, where many low level parameters can be modified in order to guarantee PQoS
levels and different adaptation axts can be taken, lead ADAMANTIUM partners to propose an IMS
compatible PQoS optimizing system (the MCMS, core of ADAMANTIUM proposal). In order to
provide the intelligence within the MCMS an intensive research has been carrieth &@oS
predictionmodek. This deliverable reports done on the development of VolP (voice and video) and
IPTV (video)perceptuamodels for use in the ADAMANTIUM concept.

The PQoS models are able to predict voice/video quality from network/link parameters (e.g. packet
loss ratelink bit error rate, delay and jitter) and terminal parameters (e.g. codec type, mode, bit rate,
frame rate, packet size). One of the key desigjectivesis for PQoS modeto belightweightso that
theycan be easily implemented in user equipment éergobile terminal).

PQoS modelling for voice followed a similar approach to the populasTTEImodel, but supported

adaptive 8modesAMR codec used in 3G handdet allow adaptationto network/terminal changes
automatically. PQoS modgwlg for videowassimilar to the current \fnodel, which is a hot research
topic, given that there is raurrentstandardised \nodel yet for video over IP and IPTV applications.

Developed voice/video PQoS models for VolP and VolP were subjected to proper subjective tests t
verify the accuracy developed objective models. These subjective tests were used to define the
temporal tolerance of the ussatisfaction to PQo8egradation situations. The specified temporal
threshold will be provided to WP3 and integrated within B@oSalarm mechanism of the PQoS
monitoring tool at the mobile terminal.

Copyright E ADAMANTI UM
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1.1 Purpose

The purpose of this deliverable is to describe the reseadstatus of IPTV and VolP PQoS models

which have either been developed or adapted for use VADAMANTIUM . These also include the
consideration of subjective aspetitat have an impact on these PQoS motelsser® per cepti on
guality andon adaptation mechanisms both at the Cs#ryice and access network layers.

This deliverable reports on work carriedt in the following tasks:

- Development of voideideo quality contexaware PQoS model for VolP applications

- Development of a video quality conteatvare PQoS model IPTV applications

- Subjective aspects and cont@wareness in developing PQoS models fiice/video quality
evaluation in VoIP and IPTV applications.

- PQoSdegradation temporal tolerance during a service playback from a custentgc
perspective for the needs of the P& m mechanism.

- Subjective tests for verification of PQoS models fardal verification.

1.2 Audience

This is apublic deliverablewhich isfocused orspecificresearch topicsandthe targeted audience
would thereforeinclude other researchers interested in PQesiction and modeling. It will also be
of interest toindustry aad vendorswho might be interested iimcorporate PQo$neasurement and
handling mechanisms into their equipmeltmight also be of interest to students of networked
multimedia quality prediction and modeling especially for next generation networks.

1.3 Scopeof Document

This deliverable is about the research and development of perceptual models for IPTV and VolP
applications. The models predict perceiwvidieo and voicejuality for use in mobile equipment (ME)

in IPTV and VolIP servicesn general, the modelietermine perceived quality from the content type,
codec type and its setting and from measuratsinission impairments parameters such as loss, delay
and jitter (NQoS).

This deliverable is similar but fundamentally different from D4.2 which reports odelimg the
impact ofindividual parametearon perceivedroice/videoquality or its degradation in IPTV and VolP
services.D4.1 is about developing models that take AQoS and NQoS parameters to predict quality
whilst D4.2 is tle study of individual paramat®impact on quality.

Whilethi s del i ver abl ®daeice and ¥igee qualitsy PQoiS mbdedaddsibjective
aspects, contesdwareness and subjective testshe developed modeld)4.2 reports work doneno
researcing the mapping of the NQoBiffServ/MPLS classes to PQoS degradation levels for both
VoIP and Video application. It alsdescribeshow NQoS in UMTS network map® PQoS for
voice/video in VoIP and IPTV applications.
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2 IPTV
2.1 Overview of Video PQoS Prediction

The advent of gality evaluation in video fieldvas the application oh pure mathematical error
sensitive framework between the encoding and the original/uncompressed video sedjtienaogh
these primitive methodsrovided a quantitative approach about the qualityatigion of the encoded
signal they did not provide a reliable measure of the perceived quality, because tleeyot
incorporatethe characteristics of the Human Visual Sys{eius).

Consequentlymoreadvancednethods have been prgedin accordance whit the sensitivities of the
HVS. The methods and techniques that have been proposed litethtirecan be sorted into two
groups

- The assessment methods whose scope is the determination of the encodingssiettiags
resolution, frame ratand bitrate which are required in order successfullycarry out the
communication task of a multimedia application (i.e. video conference). In other words, the
scope of these methods is the estimation of the adequate video quality level for a particular
multimediacommunication task.

- The assessment methods whose aim is the evaluation of the quality level of a media clip
based on the detection of artifacts on the signal caused by the encoding process. In contrast
with the methods of the previous category, the scopdhese methods is not the
determination of the adequate level, but the classification of a video content at a perceived
quality scale.

The methods of the first group take under consideration a great number of parameters and metrics that
depend on theature of thetask and the user emotional behavibtullin, Smallwood, Watson, &

Wilson, 2001)in order to determine the adequate quality level for a specific multimedia application.
On the one handf examplethe classification of the task as foreground or background in correlation
with its complexity (Buxton, 1995) is a parameter that differentiates the quality demands of a
multimedia application. On the other hand, the emotional content of a multimedia communication task
alters the required qualityevel of the specific communication servid®Ison, 1994) As a
consequencgevarious parameters are measured in order to estimate the appropriate minimum quality
level of a multimedia application. Such parameters are:

- The user characteristics (i.e. knowledge background, language background, familiarity with
the task, age)

- The situation characteristics (i.e. geographical remoteness, simultaneous number of users,
distribution of users)

- The user behavior (i.e. eye tracking, head movement)

However, these methods stihvesome issues to solve on technical, theoretical and practical level. A
user that participates in such an assessment procedure is wiredaatyspaimts on the body (even on
the head may wear the eye tracking equipment), which causes uncomfortable feelings and affects its
behaviour. Technical issues, such as the eye tracking loss and the manual calibration/correction by a
human operator, affetiie reliability of the methods in real time environmgMsillin et al., 2001)
The most widely sed primitive methods and quality metrics that used an Error Sensitivity framework
are the Peak Signal to Noise Ratio (PSNR) and the Mean Square Error (MSE):
L2

PSNR=10logy , Q)

MSE

where L denotes eéhdynamic pixel value (i.e. equal to 255 for 8bits/pixel monotonic signal)

MSE:EQ (x- yi)?, (2
N =

where N denotes the total pixels andyxthe {" pixel value in the original/distorted signal

Currently,the evaluation of the PQoS is a matter of objective and subjective evaluation procedures,
each time taking place after the encoding process-émusiding evaluation). Subjective picture/audio
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guality evaluation processes require large amount of humamrees, establishing it as a time
consuming process (e.g. large audiences evaluating video/audio sequences). Objective evaluation
methods, on the other hand, can provide PQoS evaluation results faster, but require large amount of
machine resources and sgiltated apparatus configurations. Towards this, objective evaluation

met hods are based and make wuse of mualtdfactgie.e met r
tilling, blurriness, error blocks, etc.) resulting during the encoding and tresismiprocessThese

two categories of PQoS evaluation methods will be analyzed and discussed in the following sections.

2.1.1 Subjective Methods

0 Subjective Quality Evaluation Methods

The subjective test methods, which have mainly been proposed by Intern&gtg@mmunications

Union (ITU) and Video Quality Experts Group (VQEG), involve an audience who watch a video
sequence and score its quality as perceived by them, under specific and controlled watching
conditions. Afterwards, the statistical analysis of ¢h#éected data is used for the evaluation of the
perceived quality. The Mean Opinion Score (MOS) is regarded as the most reliable method of quality
measurement and has been applied on the most known subjective techniques.

Subijective test methods are ddsed in ITUR Rec. T.50al1 (2002) and ITUl Rec. P.910 (1999),
suggesting specific viewing conditions, criteria for observers and test material selection, assessment
procedure description and statistical analysis methods-RTRec. BT.500L1 described uhjective
methods that are specialized for television applications, wheread IR&c. P.910 is intended for
multimedia applications.

The most known and widely used subjective methods are:

1 Double Stimulus Impairment Scale (DSIS) In this method observemre shown multiple
references and degraded scene pairs. The reference scene is always first. Scoring is on an
overall impression scale of impairment: imperceptible, perceptible but not annoying, slightly
annoying, annoying, and very annoying. This scaleoimmonly known as the-point scale
with 5 being imperceptible and 1 being very annoying.

71 Single Stimulus Methods-- Multiple separate scenes are shown. There are two approaches:
SS with no repetition of test scenes and SS where the test scenes assl neydtiile times.
Three different scoring methods are used:

o Adijectival: the aforementioneddrade impairment scale, however hgilddes may
be allowed.

o Numerical: an 14grade numerical scale, useful if a reference is not available.
o Non-categorical: @ontinuous scale with no numbers or a large range, e 0.

1 Stimulus Comparison Method Usually accomplished with two well matched monitors,
where the differences between scene pairs are scored in one of two ways:

o Adjectival: a 7grade, +3 to3 scak labelled: much better, better, slightly better, the
same, slightly worse, worse, and much worse.

o Non-categorical: a continuous scale with no numbers or a relation number either in
absolute terms or related to a standard pair.

1 Single Stimulus Continuous Qality Evaluation (SSCQE): According to this
method, the viewers watch a program of typicallyf Z® minutes without the original
reference to be shown. The test program has been processed by the system under test. The
subjects/viewers using a slider comntusly rate the instantaneously perceived quality on
scale from 6badd to oOexcellentd, which corre
100.
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1 Double Stimulus Continuous Quality Scale (DSCQS):At DSCQS the viewers
watch multiple pairs of quite st (i.e. 10 seconds) reference and test sequences. Each pair
appears twice, with random order of the reference and the test sequence. The viewers/subjects
are not aware of the reference/test order and they are asked to rate each of the two separately
onacontinuous quality scale namely ranging fr
an equivalent numerical scale from 0 to 100. This method is usually used for evaluating slight
quality differences between the test and the reference sequence.

The abrementioned methods are described in the-RrR®ec. T.50aL1 document and are mainly
intended for television signals. Based on slight modifications and adaptations of these methods, some
other subjective evaluation methods (namely Absolute Category Ra#g), Degradation Category

Rating (DCR) etc.) for multimedia services are described inTIRec. P.910

2.1.2 Objective Methods
o0 Objective Quality Evaluation Methods

The preparation and execution of subjective tests is costly and time consuming and its ritapleme
today is limited to scientific purposes, especially at Video Quality Experts Group (VQEG)
experiments.

For this reason, a lot of effort has recently been focused on developing cheaper, faster and easier
applicable objective evaluation methods. §&éechniques successfully emulate the subjective quality
assessment results, based on criteria and metrics that can be measured objectively. The objective
methods are classified, according to the availability of the original video signal, which is cedsae

be in high quality.

The majority of the proposed objective methods in the literature require the undistorted source video
sequence as a reference entity in the quality evaluation process, and due to this are characterized as
Full Reference MethodS.he methods perform multiple channel decomposition of the video signal,
where the proposed objective method is applied on each channel, which features a different weigh
factor according to the characteristics of the Human Visual System. The basic bigreind@t the

full reference methods with multiplehannels is depicted oRigure 1. These methods emulate
characteristics of thElVS using Contrast Sensitivity Functions (CSF), Channel Decomposition, Error
Normalizaion, Weighting and finally Minkowski error pooling for combining the error measurements

into single perceivedquality estimation.

Uncompressed "
Video - T S @ Decoded Video
l Encoder Decoder

Calibration Calibration

Contrast Contrast
Sensitivity Sensitivity
Functions Functions

Filterin, Filterin:
Channel Normalization of Channel
Decomposition the difference Decomposition

R 2

Masking

R 2

Error Pooling

PQoS Estimation

Figurel: Full Reference Methods with multiple channels

Similarly, in the bibliography it has be@noposed full reference methods of single channel, where the
proposed objective metric is applied on the video signal, without considering varying weight
functions. The block diagram of these methods is depictdeigume2. However it has beemeported
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that these complicated methods do not provide more accurate results than the simple mathematical
measures (such as PSNR). Due to this some new full reference metrics that are based on the video
structural distortionand not on error measurement, have been proposed.

Uncompressed N Compressed
Video - \ T ission Channel \ Video
I Encoder Decoder

Calibration

Calibration

Objective
Metric

Objective

Normalization Metric

PQoS Estimation

Figure2: Full Reference Methods with single channel

On the other hand, the fact that these methods require the original video signal as reference deprives
their use in commeral video service applications, where the initial undistorted clips are not
accessible. Moreover, even if the reference clip is available, then synchronization predicaments
between the undistorted and the distorted signal (which may have experiencedoghmadke the
implementation of the Full Reference Methods difficult and impractical.

Due to these reasons, the recent research has been focused on developing methods that can evaluate
the PQoS level based on metrics, which use only some extractedrsirfedtures from the original

signal (Reduced Reference Methods). The block diagram of the reduced refeetinods is depicted
onFigure3.

Finally, some methods and techniques have been proposedhiblibgraphy that doesot require
any reference video signal (No Reference Methods)

Nevertheless, due to the fact that the 3G/4G vision is the provision of audiovisual content at various
quality and price levels, there is great need for developing method®aedtat will help service
providers to predict quickly and easily the PQoS level of a media clip. These methods will enable the
determination of the specific encoding parameters that will satisfy a certain quality level. All the
previously mentioned poesincoding methods may require repeating tests in order to determine the
encoding parameters that satisfy a specific level of user satisfaction. This procedure is time
consuming, complex and impractical for implementation on the 3G/4G multimedia mobile

applications.

Degader

Reliable channel ‘ PEx"ac\mn of

Normalization Objective
Metrics

a8 Estmaton >

Figure3: Reduced Reference Methods

Towards this, recently it has been performed research in the field -ehpoeling estimation and
prediction of the PQoS level of a multimedia service as a function of the selestddtion and the
encoding bit rate. These methods provide fast and quantified estimation of the PQoS, taking into
account the instant PQoS variation due to the Spatial and Temperala@ivity within a given
encoded sequence. Quantifying this variatigrnthe Mean PQoS (MPQoS) as a function of the video
encoding rate and the picture resolution, it is finally used the MPQoS as a metric-&mcpding

PQoS assessment based on the fast estimation ofTttaet®sity level of a video signal.
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2.2 Video PQoS Pediction Models

2.2.1 DEM Quality Prediction Model for Video PQoS

The concept of video quality prediction is considered in this section, according to which the encoding
parameters of the video service are used for performing an accurate estimation/predibgovidgo

quality level at the user side, without further processing of the actual encoded and transmitted video
content. The proposed prediction framework consists of a model for predicting the video quality of an
encoded signal at a pemcoding stageybcorrelating the spatiotemporal content dynamics to the bit
rate that satisfies a specific level of user satisfaction. The proposed model isitlsedthe
framework of ADAMANTIUM in order to specify the average encoding bit rate vafube various
contents in order to be offered at the appropriate quality level. Also, it is considered in the adaptation
process of the warning phase, where the encoding bit rate is dropped in order to enhance the
robustness of the streamed signal.

The proposed model cowdhe relationship between the service and the application level. Based on a
predefined pergiual quality at PQoS, then the appropriate parameters at the application level are
determined. Concerning the initial preparation of the content aetjuestedargeted PQoS level, a
method for mapping the content dynamics/genre of the video to the encoding parameters that satisfy
the requested/specific level of user satisfaction is necessary. Takingcéatanaithe instant PQoS
variation due to the spatiotemjpbractivity within a given MPEG encoded content, the respective
Mean PQoS (MPQoS) as a fiion of the video encoding rate can be exploited as a metric for
objective video quality assessment. Based on the proposed metric, this tasérivglladreference

table containing the encoding bit rate that satisfies specific quality (i.e. PQoS) levels depending on the
spatiotemporal activity of the requested content.

Towards the specification of these reference MPQOoS vs. bitrate rules, an objective qualitpoheter t

of the PQoS level may be used, providirgjeative PQoS assessment for each frame within a video
clip. The graphical representation of these results vs. time, demonstrates the instant PQoS of each
frame within the video clip, besides indicating the M&¥Qo0S (MPQoS) of the entire video (for the
whole clip duration). Similar expenents will be conducted for the MPQoS calculation of the same
video catent, each time applying different encoding parameters. The results of these experiments will
be used tarawup experimental curves of the MPQoS of the given video content, as a function of the
encoding parasters. The same procedure will be repeated for a set of video sequences, each one with
different spatiotemporal activity level.

More specifically, coridering three discrete spatiotemporal categories (i.e. high, medium, low) and
their respective MPQoS vs bitrate equations, the service provider should be able to specify the bit rate
that satisfies a specific perceptual quality levéigure4 depicts the concept of thipgroach and the
expected form of the PQoS vs. Bit Rate dependence as it has been reported in thditeiative

dueto the logarithmic sensitivity of the Human Visual SysterVs.

Perceived
Quality &

BR.
PQu H\.

PQL

BR; BRy Bit mlc'
Figure4: PQoS vs. Brate curves for various spatiotemporahtmts

As depictedrigure4, Curve (A) represents a video clip with low temporal and spatial dynamics, i.e.
whose cont e naovemént and fow picureccomplexity. Such a curve can be derived, for
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example from a talk show. Curve (C) represents a short video clip with higimidgnauch as a
football match. Curve (B) represents an intermediate case (a music video clip). Eachaodrve
therefore each video chgan be chracterized by: (a) the low bit rate (BRwhich corresponds to the

lower value of the accepted PQoS (P®y the end user (i.e. bronze service), (b) the high bit rate
(BRy), which corresponds to the minimum valaé the bit rate for which the PQoS reaches its
maximum value (PQ (i.e. gold service, and (c) the shape of the curve, which is defined by the
content gnamics. These parameters can be experimentally derived for reference purposes and further
used for dehing a generic equation for describing the MPQoS vs bitrate curves.

The mapping of AppQoS to NQoS deals with the translation of afipliclevel parameters to
parameters of the underlying network level. Multimedia services, especially broadcastiogiappli

tend to impose great demands on the communication networks concerning bandwidthymax
tolerable delay, jitter, and packet loss. A pessimistic estimation of the required network resources
might lead to oveprovisioning of resources for a singhultimedia service,esulting in bad link
utilization and a waste of network resources. On the other hand, a too optimistic mapping bears the
risk of congestion within the network resulting in packet loss that decreases the-Emil QoS.
Therefore, a aideoff between thesextremes has to be envisaged.

In this context, the most relevant parameter at the upper application layer with direct impact to the
NQoS is the video bit rate. As it has bedready mentioned earlier, the selection of the appropriate
video bit rate is influenced by a variety of factors, such as the content dynamics, the video codec and
the fidelity of the encoding. In digital video encoding the Block Discrete Cosine Transformation
(BDCT) is exploited, since it exhibits very good enempmpaction and deorrelation properties.

Work reported in this deliverablgse the following conventions for video sequences: Every real NxN

2 2
f is treated as & XL vector in the spac@N by horizontal or vertical raster scanning.

frame
The DCT is considered as a linear transflom R" - R Thus, for a typical framef , We can
write:

Since B matrix is unitary, the inverse DCT can be expresselilt pwhere t denotes the transpose of a
vector or matrix. Thus, the inverse transform can be described as:

f =BtF (4)

The elements of fram(!:: = Bf in the frequency domain can be expressed as the coefficients of the
vector f , using the DCT basis iRN . Thus

N2
f = é Fnen
=1 )

whereen is the normalized DCT basis vector aﬁ@lthe DCT coefficients off .

The high compression during the MPE&ated encoding process is (amorleo procedures) based

on the quantization of the DCT coefficients, which in turn results in loss of high frequency
coefficients. Within a MPEG block/macroblock, the luminance differences and discontinuities
between any pair of adjacent pixels are redubgdthe encoding and compression process. On the
contrary, for the pairs of adjacent pixels, which are located across and on both edge sides of the border
of adjacent DCT blocks, the luminance discontinuities are increased by the encoding process, due to
the independent quantization of the individual blocks. The blocking or blockiness effect is the most
prominent visual distortion in a compressed sequence, due to the regularity of the pattern. Thus, after
the quantization:
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F =Q[F
n Q[ n] (6)

where Q] denotes the quantization process.

So, at the decoder side, the final reconstructed frame (after motion estimation and atimpens
modules) will be given by,

.o
f = a. Fnen
n=1 (7)
Thus, the perceived quality degradation per frame due to the encoding and quantization process can be

expressed by an error based framework in the luminance dolmairbetween the original and the
decoded frames.

I:]Y ’ fY _fY (8)
In this context, an average of the Perceived Quality of a video Service (PQoS) level for the whole
encoding signal, consisting of N frames, can be derived by the foll@xiogbased equation:

N
< PQOS adeo a fF
i=1 (9)
For the needs of ADAMANTIUM projeciye defineas Mean Perceived QoS (MPQoS) the averaged
PQoS of a video signal for its whole duration. Based on this-based framewrk, the SSIM
objective quality metrichas beenselected for experimentally measuring and quantifying the
degradation caused in the original uncompressed signal by the encoding process. The SSIM is a FR
objective metric, which measures the structural sirityf between two images/video sequences,
exploiting the general principle that the main function of the human visual system is the extraction of
structural information from the viewing field. The SSIM was preferred by the authors to be used for
the expementd needs because it has performed quite satisfactorily in the relative performance
evaluation studies. However, the selection of the specific metric does not limit the efficiency of the
proposed model to SSIM metric only, since any other objectivaeareetuld be used instead of it for
producing the experimental benefit functions of Fig. 3. Thus, considerind &vatf6 depi ct s t |
frames of the uncompressed and compressed signal respectively, then the SSIM is defined as:

(2m m+C)(2 5 )
(mM+ mE) 5 +sC (10)

wheree fed ar e t Mandf pdefé,ih®d fahfedthe variances ¢ff @&nd the covariance dfand
f ,@espectively. The constar@d andC2 are defined as:

C1 = (KlL)2 Cz = (Kzl—)2 (11)
where L B the dynamic pixel range aKd = 0.01 andK2 = 0.03, respectively.

SSIM( f, )=

Thus, SSIM metric can be considered as an appropriate metric for quantifying the video quality level
of an encoded signal for the experimentadl aalidation needswithout excluding theaise of other
metrics as well. The selection of the SSIM or any other metric does not alter the algorithm of the
proposed model, since only the respective arithmetic values of the experimental data may differ
among the various metrics, causing relativeetidhces between them and not substantial ones.
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Figure5: The instanSSIMper frameo f1 6f Bl ocks o CI F 200kbps

Figure 5 depicts a typical example of the SSIM measurement per frame foe vi deo tr ai |
Bl ockso, whi ch was &l/ie6d dtandarduas 200 KppstVBR wittM@oEh@on
Intermediate Format (CIF) resolution and 25 frames per second (fps). The instant SSIM vs. time curve
(where time is represented by the frame segegvaries according to the spatiotemporal activity of

each frame, which causes different quality degradation for the same quantization parameters. For
frames with high complexity the instant SSIM level drops (i.e. <0.9), while for static frames tim¢ insta

SSIM is higher (i.e. >0.9 or equal to 1, which denotes no degradation at all).

The concept of averaging the SSIM for the whole video duration can be exploited for deriving the
Mean Perceived Quality of Service (MPQo0S) as a representative percepamakigarfor the specific
content. However, although the MPQoS provides a single perceived quality measurement, which is
more practical especially for the service providers, for the case of long duration videos the use of just
one representative measuremehthe perceived quality may not be accurate, because the spatial and
temporal activity level of the content may differ significantly, especially in the case of heterogeneous
content. In such long sequences, the proposed average metric can be combipetithlenshot
boundary detection algorithm, which will lead to calculating partial MPQoS for various scenes.
However, this case is not examined in the current deliverable, because currently the videos that are
offered through mobile access network arehmfrsduration and specific content.

—a—MOBILE
—m—NASA
1MAX

o 100 200 300 200 500 600 gk Rate

Figure6: The <PQoSzgscale (01) vs. bit rate curves @25fps CIF VBR for various test signals

In this context, eight short in duration videtps were selected and usethe experimentaset
consisted trailer video clips with duration up to three minutes. Each trailer clip was encoded from its
original H.264 format with HDef resolution (i.e. 720p) to MPE&H.264 Baseline Profile at diverse
VBR values, applying exactly the same encgdprocedure. For each bit rate, a different MPEG
4/H.264 compliant file with CIF resolution (352x288) was created. The frame rate was maintained
constant at 25 frames per second (fps) during the encoding process of the test signals.

Each encoded videoiplwas then used as input in the SSIM estimation algorithm. From the resulting
SSIM vs. timegraph, theMPQoS value (denoted as <PQ@Sx) of each clip was calculated. This
experimental procedure was repeated for each video clip in CIF resolution. Tits tdsthese
experiments are depictedigure6, from whichthe following remarks can be made.
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1. The minimum bit rate of the lowesPQoS>s,yvalue depends on the spatiotemporal activity level

of the video clp.

2. The variation of thePQoS>ssVs. bit rate is an increasing function, but non linear.

3. The quality improvement of an encoded video clip is not significant for bit rates higher than a
specific threshold. This threshold depends on the spatiotairguiivity of the video content.

Moreover, eackPQoS>g v Vs. bit rate curve can be successfully described by a logarithmic function
of the general form

<PQoS 3,y ¥In( BitRate ¢ (12)

where G and G are constants strongly related to thetishand temporal activity level of the content.
Table 1 depicts the corresponding logarithmic functions for the test sigridsuog6 along with their
R? factor, which denotes the fitting efficiency of the thaal logarithmic curve to the experimental
one.

Tablel: Fitting parameters ari@? for different video

Test Signal | Logarithmic Function R® factor

Mobile 0.1295In(x)+0.1274| 0.9759
Imax 0.0563In(x)+0.6411| 0.9514
M.I. 3 0.0668Ir{x)+0.5747 | 0.9191

Da Vinci Code| 0.0474In(x)+0.6974| 0.8833
Warren 0.0738In(x)+0.5210| 0.9528
Nasa 0.0950In(x)+0.3892| 0.9595
BBCi Africa | 0.1098In(x)+0.2702| 0.9875
Superman | 0.0282In(x)+0.8167| 0.8859

Based on the aforementioned analysis, we can desttrébderivedkPQoSxzgy vs. bit rate curve of
each test signal witN total frames, which is encoded at bit rattom BitRate,, to BitRate,,, as a

set C, where each elemehy is a triplet, consiing the <PQoSxgsv at a specific bit rate and the

constant<C;, C,, which are derived by the analytical logarithmic expression of Table 1:

Co={m(1A SSM Jj, C Q. =F nli BitRae, BitRatd)
Nz (13

where SSIM( )is the function that calculates the peived quality of each frame according to the

SSIMmetric, N the total number of framefsthat comprises the movie. Thus, deriving the set€

for various contents, ranging from static to very high Spatial and Tempefgl ¢Bes a reference
hyper set RS, containing a range oCg , sets for representative spatiotemporal levels can be

deduced:
RS={ G - G.p,} (14)

Hence, considering an unkmo video clip, which is uncompressed and the service provider wants to
predict its correspondin@, ; set that better describes its perceived quality vs. bit rate curve before

the encoding process, then, itdefinedfor all the setsC, , the Absolute Differene Value (ADV)

between the firsiCg ; triplet element(i.e. the<PQoSxgv at a specific encodingitRateg)) and the

experimental measurement of the m&3giMfor the test signal at the saBéRats, for which all the
reference set€, , have been derived, utilizg the logarithmic equations dablel.
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10 , N, .
ADV :l FBitRate, (Na: SSIN( f)) - EBitRatg (a SSIM D)l (15)

Due to the fact that the additive property is valid, it is concluded that wheAOKebetween the
averageSSIMof the reference signdfy,. and experimental signal?F'BitRate is minimum, then the

set Cg ;, whichcontains the triplet element that minimizes &A@V, describes better thePQoSzgm

vs. Bit Rate curve of the specific video. Thuge have successfully approximated the PQoS vs. Bit
rate curve of the specific video with actual cost only one test encoding and assesdBitEtatet
Then the service provider can predict analytically througheftimated logarithmic expression all the
bit rates that satisfy specific perceived quality levels, without requiring any other encodinghests.
one only estimation of thePQoS>ss)y at a specific encoding bit rate is adequate for the accurate
detemination of the<PQoS>sgVvs. Bit Rate curve for a given signal/content.

Basedon this presentation of the model that predicts <RQoS>ss level of a signal during the
encoding process, in the nextlsection, it is examinedalidation efficiency

Validation of the Encoding Quality Prediction Model

The proposed model for predicting the encoding bit rate that satisfies specific perceptual quality level
was tested on a set of real captured video clips, containing content with duration spanning from 10
seconds up to 10 minutes. These video clips were captured in DV PAL format from common TV
programs and then transcoded to MPHB.264. Applying the proposed model the predicted video
guality was calculated for various bit rate values and then it was cethpathe actually estimated

one, which provided the data for drawing the relative performance plot that is depidteglicay.
According to this plot, the proposed model provides adequately accurate resyitedisting
successfully the respective video quality of short in duration video clips.
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Figure7: Objectiveestimated vs. predicted video quality

Moreover, the proposed prediction model was also validated for a set of mediavtligs, were
captured from common television programs in DV PAL format and encoded at CIF resolution. The
video clips had exclusively specific homogeneous content (i.e. talk show, football, swimming, speech
etc.) with duration spanning from 15 seconds upt@econds for the same content type.
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Figure8: Objectiveestimated vs. predicted video quality for various in duration homogeneous contents

Applying the proposed prediction model and following the same validation procedurespieetive
performance plot was derived and is depictedrignire8, showing satisfactory behavior of the model

for homogeneous contents, independently of their short duration. This spatiotemporal homogeneity of
the content can be met within short periods/sbbtengervideo sequences. Therefore, the validity of

the proposed prediction model for the encoding of the video sequences at various perceptual quality
levels has been experimentally proyvetiowing a satfactory match, which can efficiently cover the
needs of the project

Once the broadcaster has encoded appropriately the offered content at the preferred quality level, then
the provision of the service follows. Diglly video encoded services, due teit interdependent

nature, are highly sensitive to transmission errors (e.g. packet loss) and require high transmission
reliability in order to maintain between sender and receiver devices their stream synchronization and
initial quality level. Especiallyin video broadcasting, which is performed over wireless environments,
each transmitted from one end video packet can be received at the othethemdoerectly or with

errors or get totally lost. In the last two cases, the perceptual outcome & sainite the decoder at

the enduser usually discards the packet with errors, causing visual artifact on the decoded frame and
therefore quality degradation.

The issue of mapping the perceptual impact of transmission errors (like packet loss) during the
broadcasting on the delivered perceptual video quality at theiserdis a fresh topic in the field of
video quality assement since the relative literature appears to be limited with a small number of
relative published works.

The issue of deterministlly mapping the perceptual impact of transmission errors (like packet loss)
on the delivered perceptual video quality at the-eser is a fresh topic in the field of video quality
assessment since the relative literature appears to be limited witkllanamber of relative published
works. A detailed description on mapping the Network QoS on Video Quality level is presented in
D4.2

2.2.2 UoP Video Model

A video quality perceptual model (UoP Video Model) for monitoring quality of IPTV and VolP
services at # terminal equipment and at the access network for assessing the quality of video
sequences was also developed. A detailed description of the model and its performance is given in
Section3.3.1

2.2.3 gPSNR: ATool for Video Quality Monitoring

gPSNR is @QoS tooldeveloped and used R&S protocol analyseto provides an estimatof the

PSNR (Peak Signal to Noise Ratio) of H.28#coded video sequenabsit are received by the IPTV

test terminal. The algorithm is based on the stedisanalysis of encoded transformation coefficients.

It provides a nonmeference analysis of the image quality of compressed video sequences. This
estimation uses the encoded video data stream as input. The completely decoded video stream is not
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required.The following brief description gives a summary of the features of the algorithm based on
the description in Deliverable D19 of the Enthrone2 project.

PSNRis a very simple measure for the picture quality which does not take any properties of the
human vsual system into account. Although it has its shortcomings, it is the most frequently used
video quality indicator in the area of video codifgr the calculation of the PSNR, a distorted video
signal is normally compared to an undistorted referencalsigrom the two signals the difference is
calculated on a pdrame basis. Only the luminance component of the video frame is used for these
calculations.

The PSNR shows a good correlation to the perceived image quality but there are cases were the
correltion does not suffice. This is due to several reasons. One reason is that the PSNR measures the
difference between single pictures. This means that temporal masking effect caused by swift
movements of the picture content from one frame to the next, areffexted in the PSNR. Another

reason is that the perceived quality of a single frame does not only depend on the difference between
the encoded picture and the original but on the spatial resolution of error components and the signal
itself, i.e. on agatial masking effect.

Temporal masking is the expression used for the inability of the human eye to notice fast changes in
the image. The exact amount of masking depends on the individual viewer because the way the
viewer's eye follows the moving objedtsthe image influences their visibility. Therefore, temporal
masking can only be estimated roughly from the motion in a video sequence. Spatial masking can best
be described by introducing visibility thresholds which depend on the spatial resolutipre(icy) of

details in the image.

In [1] it is shown how the PSNR can be calculated in the transform domain if certain assumptions for
the transform coefficients hold. These assumptions concern the probability density function of the
transform coefficientsAnother assumption is that the quantisation of the image is not too coarse. This
can occur in transmission systems which operate on a low data rate even when the image content is
critical. In such a case the PSNR would be underestimated.

2.2.3.1Implementation

The algorithm was developed and implemented on the DVM protocol analyser platform in the course
of the FP6 project EnthroneZor a test setip that can be used for measurement and monitoring
tasks, it is important that any algorithm which is implementetherinstrument platform, can analyse

the quality parameters in retine. This was achieved for the gPSNR (quasiPSNR) algorithm on the
DVM protocol analyser. The main reasons for this were that the algorithm works-aivitgd (i.e.
without a reference ghal) and that the complete software decoding of the H.264 encoded video is not
required. Therefore, only a subset of the H.264 decoder had to be implemented.

2.2.3.2Performance Evaluation

An example of the measurement results is given here for a set of videmees with the following
properties.

1 4 streams: 32 kbps, 64 kbps, 96 kbps, 128 kbps

1 H.264 encoded with QCIF resolution

1 12.5 frames per second

1 GOP length 4 with frame order IPPP, i.e. eafifaine followed by 3 Rrame

1 Length of the video sequences appi@kseconds, repeated periodically.
Figure9 shows the impact of the bit rate on the measured gPSNR. As can be expected, the quality
improves if more bit rate is available for encoding the same number of framsecpad at the same
resolution.

! http://www.istenthrone.org/
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gPSNR measurments
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Figure9: gPSNR measurement results for 4 video sequences

From the relative distance between the measurement curves it becomes clear that a further increase of
the bit rate would not necessarilgsult in a significantly higher quality. Apparently, a bit rate of 128

kbps is sufficient for a good quality of a video sequence with QCIF resolution and 12.5 fps as it is
suitable for a small display.

The sequences only differ in bit rate. The measgfe8NR values increase with the bit rate (the
curves are shown in such a way that they start with the same frame and only one cycle of about 27
seconds is shown). There are no croasrs between the curves (which would point to ambiguities in

the algoritim). The variance in the curves for 32 kbps is higher (more sudden peaks) than in the other
curves which indicates that 32 kbps is insufficient but 64 kbps is appropriate for the chosen material.

For the measured bit rates, a doubling of the bit rate-£384 and 64>128) results in an increase of
the gPSNR of approx. 4 dB (this is unlikely to continue and there will be a saturation point from which
onwards a further bit rate increase would not improve the qPSNR measurement).

For the original validatin of the algorithm for the estimated PSNR, a comparison with the exactly
calculated PSNR values was carried out for a multitude of video sequences. The 'exactly calculated
PSNR is derived from the difference between the picture after encoding and subsdEpoding on

the one hand, and the original uncoded picture on the other haRyule 10 the results of such a
comparison are given for the three types of video frardeairies, Pframes and Brames.

P-Frames
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Figure10 Comparison of estimated PSNR and the pSNR calculated using the origieééeence
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