
276 IEEE TRANSACTIONS ON BROADCASTING, VOL. 51, NO. 3, SEPTEMBER 2005

Subjective Assessment of the Quality-Oriented
Adaptive Scheme
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Abstract—The Quality-Oriented Adaptation Scheme (QOAS)
supports the distribution of high quality multimedia services
to a large number of simultaneous customers via given broad-
band IP infrastructure. This paper presents subjective testing
results that augment previously reported objective performance
assessment. Clips representing different classes of multimedia
sequences in terms of motion content and types were selected
and streamed using a QOAS-based prototype system. Congested
delivery network conditions were emulated and the effects of the
consequent QOAS-driven adaptations were subjectively assessed
by end-users. The test subjects have also graded their perceived
quality when using a nonadaptive streaming approach. The
QOAS-related results were much higher than those obtained for
a nonadaptive approach, being above the “good” perceptual level
for all multimedia clips and in all tested delivery conditions.

Index Terms—Adaptive multimedia streaming, end-user per-
ceived quality, feedback control, subjective testing.

I. INTRODUCTION

CURRENTLY there is a trend in multimedia presentation
[1] toward on-demand-based access to rich media and

very high quality multimedia to home residences and business
premises via an all-IP infrastructure [2], [3]. The success or
failure of this approach depends on widespread market accep-
tance, which in turn depends on both the end-user quality of
service and the price the users must pay. Network operators
and service providers aim for high infrastructure utilization and
a large number of customers to increase their revenues. At the
same time, customers are interested in receiving high quality
streamed multimedia, having access to diverse services, and
paying a low cost.

The Quality Oriented Adaptation Scheme (QOAS), an appli-
cation-level adaptive mechanism for multimedia streaming, was
designed such that these opposing goals are balanced. QOAS
offers high quality multimedia services to an increased number
of simultaneous customers via a given wired IP-based infra-
structure such as local broadband IP-networks. These best-effort
networks would be subject to variable loads and consequently
traffic through them is characterized by periods of increased and
variable delays and even by loss. These may affect multimedia
streaming and adaptation in general and especially QOAS-based
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adjustments help reduce the negative effects on the end-user per-
ceived quality.

QOAS [4] was modeled, tested through simulations and im-
plemented by a prototype system. QOAS performance, objec-
tively assessed in terms of estimated end-user perceived quality,
network utilization, loss rate and number of customers simul-
taneously served and previously reported in [5], [6], was very
close to that of an ideal adaptive scheme. The results were also
much better than those obtained for some well-known streaming
approaches such as the adaptive solutions TFRCP [7] and LDA+
[8] or a nonadaptive approach under the same delivery condi-
tions.

However this assessment of QOAS performance was done
only in terms of some transmission-related parameters, number
of customers and estimates of end-user perceived quality using
an objective metric. There was a need to carry out subjective
perceptual tests on the prototype system on which QOAS was
deployed in order to verify the objective end-user quality results.

This paper describes the subjective tests performed in order
to assess QOAS performance in terms of end-user perceived
quality when streaming different types of multimedia clips and
with different motion content in extreme delivery conditions.
QOAS-related perceptual test results are analyzed and then
compared with those obtained when a nonadaptive approach
is used for streaming the same multimedia content in identical
delivery conditions.

Next, some other adaptive solutions for multimedia streaming
and some proposals made in order to accurately assess the end-
user perceived quality are presented before QOAS is briefly
outlined. Subjective testing approach, testing conditions, mul-
timedia clips used during testing, the emulated delivery condi-
tions and the method for test results assessment are then pre-
sented along with the analysis of tests results. The last section
includes some conclusions drawn and some suggestions for fur-
ther work directions.

II. RELATED WORKS

Extensive research has focused on finding solutions that pro-
vide a certain level of quality for multimedia-based services de-
livered over best-effort IP networks. Different solutions were
proposed [9], but adaptive streaming-based schemes [10] are
among the most used since they adjust the transferred multi-
media data to existing delivery conditions, minimizing both the
costs of their deployment and their effect on existing traffic.

At the same time significant research focused on assessing the
end-user perceived quality, which is highly important when the
proposed solutions for multimedia streaming have to be tested.
Quantifying end-user perceived quality is also significant in the
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effort to provide accurate information about the effects that the
network conditions have on the quality of delivery to those adap-
tive streaming solutions such as QOAS that take this into ac-
count.

Next, different proposed solutions in these research areas
(adaptive multimedia streaming and end-user perceived quality
assessment) are presented.

A. Adaptive Multimedia Streaming Solutions

The adaptive streaming schemes were classified in [9] ac-
cording to where the adaptation takes place: sender-driven so-
lutions such as TFRCP [7], LDA+ [8], RAP [11] or LQA [12],
receiver-driven solutions such as RLM [13] or RLC [14], and
transcoding-based solutions (e.g. MPEG transcoders [15], fil-
ters [16]).

In [13] the authors have proposed an adaptive solution based
on multicast groups that allowed the clients to directly select
the desired multimedia quality in the absence of feedback. This
receiver-driven adaptation scheme was later improved and the
result was reported in [14]. On-the-fly transcoding is used in
[15] to meet the clients’ requirements, whereas [16] presents a
more general transcoding-based solution that relies on filters de-
ployed in the distribution network to match the quality level re-
quired by clients. Among the sender-driven schemes, the adap-
tive solution proposed in [17] varies some encoding-related pa-
rameters at the server to adjust the bit-rate of transmitted mul-
timedia data according to feedback from clients that monitor
some parameters related to multimedia transmission only, while
the work in [12] describes a layered encoding-based adaptive
solution.

Recently, different rate adjustment sender-driven solutions
for adaptively streaming video have been proposed, such as a
protocol that manages its window size in a similar manner to
TCP, but does not retransmit lost packets [18]. Limitations in-
clude its inflexibility and its problems with time sensitive media.
The Loss-Delay based Adjustment algorithm (LDA) [19] uses
RTCP reports to estimate round trip delays and loss rates, a
packet-pair technique to estimate the bottleneck link bandwidth,
and some user-initialized parameters. The enhanced Loss-Delay
Adaptation algorithm (LDA+) [8] also makes use of RTCP re-
ports to collect loss and delay statistics, and adjusts the trans-
mission rate in a TCP-like manner subject to equal losses and
delays. The Rate Adaptation Protocol (RAP) [12] uses TCP-like
packet acknowledgment to estimate loss rates and delays. When
there is no loss, the rate is additively increased as a function of
round trip delay, otherwise the rate is halved as in TCP. In [7]
a TCP-Friendly Rate Control Protocol (TFRCP) is presented,
based on a TCP model previously proposed in [20]. When there
are losses, the rate is limited to that computed according to
the TCP model, otherwise the rate is doubled. TFRCP’s major
problem is that it updates its rate every M time units and changes
in traffic that occur on a faster scale may be taken into account
too late.

More recent solutions include sender, receiver and hybrid
adaptive based mechanisms such as [21]–[24].

The most significant criticism in relation to the previously
mentioned solutions is that in spite of obtaining some significant
results in terms of streaming-related metrics, there were almost

no reports related to the assessment of their effect on the end-
user perceived quality.

Commercial adaptive streaming solutions like Real Net-
works’ SureStream [25] and Microsoft’s Multimedia Multi-bi-
trate (MBR) solution [26] are proprietary and detailed technical
information has never been revealed. However the available in-
formation states that they were specially designed to allow for
adaptations at very low bit-rates, unlike QOAS, which addresses
high quality high bit-rate video streaming.

B. End-User Perceived Quality Assessment Methods

The IETF IP Performance Metrics Working Group1 has pro-
posed metrics such as connectivity, one-way delay, round-trip
delay, delay variation, loss rate, etc. that can be used for quan-
titative measurement of network performance [27]. However,
they are not directly related to how the end-users perceive the
quality of the service provided.

The ITU-T defined another set of parameters including in-
terruption duration, reliability performance, maintainability, bit
error ratio, etc. that can be related to end-users’ QoS expecta-
tions, but they are more meaningful to the network or service
provider than to the viewers [28].

As a consequence, extensive research has tried to focus on
the area of end-user perceived quality assessment and two main
directions were explored: objective and subjective testing.

Objective methods aim at determining the quality of a mul-
timedia sequence in the absence of the human viewer. They
are classified in [29] according to their possible usage in con-
junction with adaptive streaming solutions as out-of service
methods (the original sequence is fully available and no time
constraints are imposed) and in-service metrics (used while
streaming is in progress when the original sequence is not avail-
able and with strict timing requirements).

A classification based on the existence of the original mul-
timedia stream [30] distinguishes three approaches: full refer-
ence methods (based on picture comparison), reduced refer-
ence solutions (that rely on feature extraction) and no refer-
ence methods (also called single-ended). Only the last category
of methods is useful for in-service applications.

Other researchers divide the metrics associated to these ob-
jective methods into mathematical-based (rely on mathemat-
ical formulae or on functions based on intensive psycho-visual
experiments) and model-based (based on complex models of
the human visual system) [31], [32].

The full-reference Peak Signal to Noise Ratio (PSNR) [33]
and Weighted Signal to Noise Ratio (WSNR) [33] and the
no-reference Picture Appraisal Rating (PAR) [34] proposed by
Snell & Wilcox2 for MPEG-2 videos are among the mathe-
matical metrics. Although they seem appropriate and are very
simple, many studies [29], [35] have shown that PSNR and
WSNR are poorly correlated to human vision.

Among the model-based metrics are PQR [36], KDD [37],
DVQ [38], VQM [39], PVQM [40], PDM [41] and MPQM
[42]. The Picture Quality Rating (PQR) [36] is a full reference

1IETF IP Performance Metrics (IPPM) Working Group (WG),
http://www.ietf.org/html.charters/ippm-charter.html.

2Snell &amp; Wilcox, Web Site, http://www.snellwilcox.com.
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metric based on Tektronix3/Sarnoff4 Human Vision Model
that relies on the proprietary JNDmetrix (Just Noticeable
Difference).5 Kokusai Denshin Denwa (KDD) Research and
Development Laboratories6 proposed a proprietary full-refer-
ence model [37] based on mean square error that is weighted
by a set of sequential Human Visual Filters applied at pixel,
block, frame and sequence levels. The Digital Video Quality
(DVQ) metric [38] and the Video Quality Model (VQM) [39],
full-reference metrics proposed by NASA7 and the Institute for
Telecommunication Sciences, NTIA8 USA respectively, are
subject to U.S. patents [43], [44]. The Perceptual Video Quality
Measure (PVQM) [40] uses the same approach for measuring
video quality as used for speech in the Perceptual Speech
Quality Measure (PSQM), standardized by the ITU-T [45]. The
Perceptual Distortion Metric (PDM) [41], proposed by L’Ecole
Polytechnique Federale de Lausanne (EPFL) Switzerland, is
based on a spatio-temporal model of the human visual system.
Although complex, this full-reference metric’s greatest advan-
tage is that details about it are made public. Researchers from
EPFL have also proposed the Moving Pictures Quality Metric
(MPQM) [42] which is a full reference video quality metric
based on a multi-channel human visual model that takes into
consideration contrast sensitivity and intra-channel masking
and the no-reference MPQM (Q) [35] that describes the joint
impact of MPEG rate and data loss on video quality. The latter
is highly useful for in-service applications and is also used by
QOAS [4].

ITU-T Video Quality Expert Group9 has extensively studied
objective metric proposals for standardization and concluded
that no metric outperforms the others in all conditions. In con-
sequence, no objective solution is currently able to fully replace
subjective testing [33] which are necessary.

Subjective tests as defined by ITU-R BT.500 [46] have been
used for many years in order to assess the quality of television
pictures. In the area of telecommunications, five major ITU-T
recommendations concern subjective testing: P.910 [47]—one
way video test methods, P.911 [48]—quality assessment
methods for multimedia applications, P.800 [49]—conditions
for audio content testing, P.920 [50]—conversation quality as-
sessment and P.930 [51]—video impairment reference system.
Of these, the first two mostly present recommendations about
methods, systems, clip contents and environment conditions
for subjective testing and scales for assessing the end-user
perceived quality while viewing multimedia clips.

The advantages of subjective testing include the fact that the
tests can be designed to accurately represent a specific applica-
tion. Also direct users’ opinions are gathered and valid results

3Tektronix, http://www.tek.com.
4Sarnoff, http://www.sarnoff.com.
5Just Noticeable Difference Metrics, http://www.JNDmetrix.com.
6Kokusai Denshin Denwa Research and Development Laboratories, KDDI

Corporation, http://www.kddilabs.jp/english.
7The National Aeronautics and Space Administration (NASA), USA,

http://www.nasa.gov.
8Institute for Telecommunication Sciences, National Telecommunications

and Information Administration (NTIA), USA, http://www.its.bldrdoc.gov.
9Video Quality Experts Group (VQEG), http://www.its.bldrdoc.gov/vqeg.

Fig. 1. The QOAS-based adaptive multimedia system architecture.

can be obtained regardless of the system used, the motion con-
tent of the clips, their compression, etc. Among the drawbacks
are that a wide variety of possible methods and test element pa-
rameters must be considered, complex setup and control are re-
quired, many observers must be selected and tested, and it is
very time consuming and costly.

III. OVERVIEW OF QUALITY-ORIENTED

ADAPTATION SCHEME (QOAS)

Many adaptive schemes presented in the previous section
have shown good adaptation results in certain scenarios. How-
ever they do not involve end-user quality as perceived by
the customers during streaming process in their adjustment
policies. Unlike them, QOAS bases its adaptation process
on estimates of the end-user perceived quality made at the
receiver. This perceived quality is estimated in-service using
the no-reference moving picture quality metric-Q proposed in
[35] that describes the joint impact of MPEG rate and data loss
on video quality. More details about Q usage as part of the
QOAS are given in [4].

A. QOAS-Based System Architecture

The architecture of the prototype system that implements
QOAS is presented in Fig. 1. It includes multiple instances
of adaptive client and server applications that bi-directionally
exchange video data and control packets through the delivery
network [52], [53]. QOAS is distributed and its components are
deployed at both the client side (QOAS Client Application) and
the server side (QOAS Server Application). The Multimedia
Database stores multimedia content to be streamed to the
customers on request.

The main component of the QOAS Client Application is
the Quality of Delivery Grading Scheme (QoDGS) whereas
of major importance in the QOAS Server Application is the
Server Arbitration Scheme (SAS). QoDGS and SAS cooperate
in order to implement the QOAS feedback-controlled adapta-
tion mechanism. Next, the roles of QoDGS and SAS are briefly
indicated and the QOAS principle is presented.

B. Quality of Delivery Grading Scheme (QODGS)

The QoDGS maps some transmission related parameters
values and variations and estimates of end-user perceived
quality into application-level scores that describe the quality
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of delivery. It monitors some parameters such as delay, jitter
and loss rate, computes estimates of end-user perceived quality
using Q and analyzes their short-term and long-term variations.
Short-term monitoring is important for learning quickly about
transient effects such as sudden traffic changes and for fast
reacting to them. The long-term variations are monitored in
order to track slow changes in the overall delivery environment
such as new users in the system which need a reaction to. These
short-term and long-term periods are considered, an order and
two orders of magnitude greater than the feedback-reporting
interval.

In the first of the QoDGS’s three stages, instantaneous
values of the monitored parameters are saved in different length
sliding windows and their short-term and long-term variations
are assessed. At the same time, session-specific lower and
higher limits are maintained for each parameter, allowing for
corresponding partial scores to be computed in comparison
with them. In the second stage, the relative importance of
all the monitored parameters in this delivery infrastructure is
considered (by weighting their contributions) and the partial
scores are used to compute short-term and long-term

quality of delivery grades. This second stage also
takes into account estimates for short-term and long-term
end-user perceived quality. In the third stage, and

are weighted to account for their relative importance
and the overall client score is computed.

Extensive tests were performed in order to make sure that the
design of QODGS ensures that best results will be obtained in
terms of adaptiveness, responsiveness to traffic variations, sta-
bility, link utilization and end-user perceived quality in local
broadband IP-networks. A detailed presentation of QoDGS is
made in [4].

C. Server Arbitration Scheme (SAS)

SAS takes adaptive decisions based on the values of a number
of recent feedback reports, in order to minimize the effect of
noise in the . This arbitration process is asym-
metric requiring fewer feedback reports to trigger a decrease
in quality than for a quality increase. This ensures a fast reac-
tion during bad delivery conditions, helping to eliminate their
cause and allow for the network conditions to improve before
any quality upgrade. These adaptive decisions are such per-
formed that maintain system stability by minimizing the number
of quality variations. The late arrival of a number of feedback
messages is considered as an indication of network congestion
and triggers quality degradations. This permits the functionality
of the streaming scheme even if the feedback is not available.

More details about SAS are presented in [4].

D. Principle of QOAS

Streamed multimedia data is received at the client where
the QoDGS continuously monitors both some network-related
parameters such as loss rate, delay and jitter and the estimated
end-user perceived quality using Q. According to their values
and variations, QoDGS grades the quality of delivery (QoD) in
terms of application-level quality scores that
are sent to the server as feedback. These scores are analyzed
by the SAS that may suggest taking adaptive decisions in order

Fig. 2. QOAS adaptation principle, illustrated for QOAS-based pre-recorded
multimedia streaming.

to maximize the end-user perceived quality in existing delivery
conditions. These decisions affect an internal state defined
for the QOAS server component that was associated with the
streamed multimedia clip’s quality as shown in Fig. 2. The
figure presents the five-state quality model used during testing
with the following states: excellent, good, average, poor and
bad. Any QOAS server state modification affects the multi-
media data transmission rate. For example, when increased
traffic in the network affects the client-reported quality of de-
livery, SAS switches to a lower quality state, which determines
a reduction in the quantity of data sent, helping to improve the
situation. This is performed as research has shown [54] that
viewers prefer a controlled reduction in multimedia quality
to the effect of random losses on the streamed multimedia
data. When the delivery conditions improve, the QOAS server
component gradually increases the quality of the transmitted
stream and in consequence the transmission rate. In the absence
of loss this causes an increase in end-user perceived quality.

IV. TEST SETUP AND DESCRIPTION

A. Limitations of Objective Tests

QOAS was previously tested via extensive simulations in-
volving extremely variable and highly loaded delivery condi-
tions and background traffic commonly expected in IP networks.
This simulation-based objective testing used different types of
multimedia clips, representing different classes of motion con-
tent. QOAS performance was assessed in terms of infrastructure
utilization, loss rates, number of simultaneous customers served
and end-user perceived quality as estimated by the no-refer-
ence Moving Pictures Quality Metric [35]. The results related
to QOAS were highly positive stand alone and in comparison to
other schemes and were reported in [4]–[6], [52], [53].

Although the simulations allow for fully assessing QOAS per-
formance in terms of network-related parameters, they can only
offer estimations of end-users’ perceived quality with certain ac-
curacy. Since currently there is not a broad agreement that a cer-
tain metric or a group of metrics reflects the viewers’ opinions
in a wide range of situations, subjective tests were performed
in order to determine the real end-users’ perceptual assessment
of the quality of multimedia clips streamed using QOAS. These
results were also compared with those obtained when a non-
adaptive solution is used.
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Fig. 3. Setup for subjective testing.

B. Test Setup

The test-bed presented in Fig. 3 consists of a QOAS Server
machine and a QOAS Client computer, connected to two
different networks interconnected by a NISTNet Router. A
NISTNet network Emulator [55] was installed on the Router in
order to forward the packets between networks after introducing
controlled bandwidth and delay constraints. The test-bed uses
100 Mbps network cards and there is no other traffic on the two
networks so that the only traffic bottleneck is generated and
fully controlled through the NISTNet emulation.

C. Prototype System for Multimedia Streaming

QOAS, as described in Section III, was implemented using
Microsoft Visual C++ 6.0. The SAS upgrade period considered
was 6 sec and the downgrade timeout 1 sec, whereas the QoDGS
short-term period was set to 1 sec, and the long-term period
was considered 10 sec. The QOAS Server Application adap-
tively streams multimedia data according to feedback reports.
This feedback is sent by the QOAS Client Applications and is
based on the effects the delivery network conditions have on
the end-users’ perceived quality. For MPEG-2 decoding these
clients make use of Canopus10 Amber MPEG decoder cards and
the corresponding SDK. No error control or error concealment
methods were employed.

A similar client-server implementation is used for the de-
ployment of the nonadaptive solution (NoAd). The only dif-
ference is that NoAd streams multimedia data at the maximum
bitrate available (average rate in these tests is 4 Mbps) and con-
sequently encoded quality, regardless of the delivery conditions
or eventual other problems that may affect the streaming process
(e.g., loss, increased or variable delays etc.) or the end-user per-
ceived quality.

D. Test Environment

The test environment follows the ITU-T R. P.910 [47] and
ITU-T R. P.911 [48] recommendations. The display is a 19
monitor situated in a room with no natural light. The only source
of light that allows for answering the questionnaire is localized
and neither reflects in the monitor nor interferes with the sub-
jects’ visual path. The monitor parameters (brightness, lumi-
nance, hue, etc.) have been set to average values. The viewing
distance was within the limits suggested in [47] (5 times the pic-
ture height), and remained fixed for the duration of the tests. The
audio components of the streamed multimedia clips are played
out by two 10 W speakers and are not affected by QOAS adap-
tation. These audio components were the only source of sound
in the testing room.

10Canopus United Kingdom, http://www.canopus-uk.com.

TABLE I
CLASSIFICATION OF CLIPS USED

E. Test Considerations

In order to ensure good results, training was performed prior
to starting the testing process. During the training test opera-
tors have presented to the subjects the goal of these tests and
have explained what is required from them. Candidates were
also screened for normal or corrected-to-normal visual acuity
and for normal color vision. None of the test subjects had other
visual impairments that may affect their assessment of multi-
media clips quality.

Subjects’ boredom and/or fatigue have an important impact
on the multimedia clips quality assessment and on the accuracy
of the answers. Therefore the participation to testing was volun-
tary, the subjects being allowed to leave at any time.

QOAS adaptation does not adjust the audio component of
the multimedia stream as it takes only a small fraction of the
bandwidth in comparison to the video component. Since the per-
ceived quality of any multimedia sequence is highly influenced
by the associated sound (e.g. audio and video must be appropri-
ately synchronized), all clips were streamed with their sound-
tracks.

F. Multimedia Clips

Sequences from four movies representing classes of multi-
media clips with different motion content and type were used
for perceptual testing. The sequences, presented in Table I, were
also used during simulation-based objective testing [5], [6]. For
pre-recorded multimedia streaming, QOAS requires the exis-
tence of different quality versions for each sequence. In con-
sequence the original clips were MPEG-2 encoded at five dif-
ferent average bitrates equally distributed between 2 Mbps and
4 Mbps using the same resolution of 320 240, frame rate (25
frames/sec) and IBBP frame pattern (9 frames/GOP) in all cases.
Details related to the peak/mean rate ratio for each version of
these multimedia sequences are given in Table II. For best re-
sult [30], each test lasted 1 minute, allowing the subjects both
to get accustomed with the movie content and to notice quality
variations.

G. Testing Method and Grading Scale

The chosen testing method is a combination between the Ab-
solute Category Rating (ACR) and the Degradation Category
Rating (DCR), presented in detail in ITU-T R P.910 [47]. ACR
involves the subjects grading separately each clip but an implicit
reference must be well known by all the assessors, which is not
expected in this case. DCR involves showing the reference clip
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TABLE II
PEAK/MEAN RATE RATIOS FOR ALL MPEG-2 ENCODED QUALITY VERSIONS

OF THE CLIPS USED DURING SIMULATIONS

before each test clip, which would make the total test unfea-
sibly long in this case. By combining ACR and DCR, the refer-
ence clip is shown first and then the multimedia sequences that
have to be assessed. The difference between the multimedia se-
quences is not their content, but the streaming approach used:
QOAS and the nonadaptive (NoAd), respectively. The subjects
are then asked to grade their subjective quality on the ITU-T
R. P.910 [47] five-point scale for grading perceptual quality of
video sequences. This scale spans from 1—equivalent to “bad”
quality level to 5 that corresponds to “excellent” quality. No
fractional grades were accepted.

The participants are also asked to indicate what characteris-
tics related to the quality of the multimedia streaming have liked
the most (e.g. continuity, audio/video synchronization, etc.) and
mostly disliked respectively (e.g. tiling, jerkiness, de-synchro-
nization, etc.). No time limit was imposed on the perceptual test
subjects for this grading process.

H. Test Description

Since QOAS is likely to be deployed in delivery environ-
ments where multimedia accounts for the majority of traffic,
difficult delivery conditions that involve multimedia-like back-
ground traffic were emulated for the subjective testing. In order
to allow also for comparison with simulation testing results, two
subjective tests were devised such that UDP-CBR background
traffic was emulated using NISTNet and varied in a staircase up
manner with steps of 0.4 Mbps every 20 s as shown in Fig. 4
and periodically with steps of 0.7 Mbps and on period of 30
s, as presented in Fig. 5, respectively. These steps are smaller
and respectively greater than the QOAS adaptation step of 0.5
Mbps [4] (see Table II). This background traffic is emulated on
top of a 95.5 Mbps constant bitrate traffic that corresponds to a
well-multiplexed high load, which aims at creating high loaded
delivery conditions.

The goal of the first test was to determine the effect of QOAS
adaptive streaming on the end-users’ perceived quality in a
situation when no loss was experienced during simulations.
The second test, which involved short periods of loss during
simulations with QOAS, intends to determine how these ex-
pected lossy periods affect the viewers’ grading of the quality.
These two tests were repeated with a nonadaptive approach for
streaming multimedia and their results compared with those
obtained when using QOAS.

Table III and Table IV present the average bitrates and respec-
tively the average loss rates during each of these two tests when

Fig. 4. Test 1: QOAS bit-rate adaptation with background traffic variation
when streaming diehard1.

Fig. 5. Test 2: QOAS bit-rate adaptation with background traffic variation
when streaming diehard1.

TABLE III
TEST 1—AVERAGE BITRATE AND LOSS DURING STREAMING

INVOLVING QOAS AND NoAd

both QOAS and NoAd streaming solutions were used with all
the clips taken into consideration.

V. TEST RESULTS

A. Test 1—Staircase-Up Multimedia-Like Cross Traffic

Test 1 involved 42 subjects aged between 18 and 48, with
various levels of experience related to multimedia streaming
(i.e. 22—familiar, 19—not familiar and 1—expert). Nineteen
of the subjects were wearing glasses or contact lenses and none
had other visual impairments that may affect their perception of
video quality.

Each of the four selected multimedia clips was streamed
in the presence of the Test 1 emulated delivery conditions,
causing adaptive rate adjustment during QOAS streaming as
indicated in Fig. 4. During testing the NoAd solution, the
clips were streamed at a constant bitrate of 4 Mbps. Next the
subjects graded their perceived quality when using both QOAS
and NoAd. The resulting average perceived quality score that
corresponds to each multimedia sequence and each streaming
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TABLE IV
TEST 2—AVERAGE BITRATE AND LOSS DURING STREAMING

INVOLVING QOAS AND NoAd

TABLE V
TEST 1—SUBJECTIVE TESTING RESULTS FOR QOAS AND NoAd AVERAGE

USER PERCEIVED QUALITY ON 1–5 ITU-T R. P.910 SCALE

approach is presented in Table V as well as the standard devia-
tion of the results from the average.

These results indicate that QOAS streaming was very appre-
ciated by the subjects and scored above 4, the ITU-T “good”
quality level, for all the movies and very close to 4 for the car-
toon sequence. The low standard deviation values indicate that
the results obtained are consistent, despite the coarse granu-
larity of the grading process (i.e. fractional grades were not ac-
cepted). The QOAS results are then statistically compared to
the NoAd results whose average subjective quality scores are
below the “poor” level. The t-tests performed on the user per-
ceived quality scores given by the subjects to each multimedia
clip have confirmed that there is very significant statistical dif-
ference between QOAS and NoAd in favor of the former (sig-
nificance level ). This result is valid regardless of the
clips motion content and type.

B. Test 2—Periodic Multimedia-Like Background Traffic

Test 2 involved 42 subjects with ages between 21 and 45, with
various levels of experience related to multimedia streaming
(i.e. 19—familiar, 21—not familiar and 2—experts). This
time, 16 subjects were wearing corrective glasses or contact
lenses. Table VI presents the results of the subjective grading
of the multimedia streaming quality when QOAS and NoAd
approaches were used respectively. QOAS has scored much
above 4, the “good” perceptual quality level for all the movies
and slightly below 4 for the cartoon sequence. Similar with
the first test, the results’ standard deviations have low values
showing their consistency. It is significant to notice that the
short lossy periods that have occurred during Test 2 before the
scheme has performed its feedback-based adjustments have not
significantly influenced the perceived quality of the subjective

TABLE VI
TEST 2—SUBJECTIVE TESTING RESULTS FOR QOAS AND NoAd AVERAGE

USER PERCEIVED QUALITY ON 1–5 ITU-T R. P.910 SCALE

results when using QOAS-based adaptive streaming. In com-
parison the increased traffic delivery conditions have severely
affected the end-user perceived quality for NoAd streaming
whose scores are just above the minimum perceptual level. As
in Test 1 the t-tests performed on the scores given by the test
subjects for each multimedia clip have confirmed a very signif-
icant statistical difference between QOAS and NoAd, with the
results in favor of the QOAS (significance level ).

C. Influence of Video Motion Content and Loss

The subjective testing results of Test1 for QOAS presented
in Table V suggest that the higher the motion complexity of
a sequence the lower the subjective appreciation in loaded de-
livery conditions is. That is, network congestion appears to have
a more noticeable effect on clips with high motion content. This
observation is supported by an ANOVA test, which indicated
that the results are significantly different from a sta-
tistical point of view. When the NoAd approach was used, high
packet losses occurred and their effect on the subjects perceived
quality of the streamed multimedia clips was unrelated to the
motion content or type of these sequences.

During Test 2 when the emulated delivery conditions trig-
gered some loss even when QOAS was used for streaming, the
viewers’ perceived quality was also affected independent from
the motion content as shown in Table VI. This finding is sup-
ported by an ANOVA test that has found the results obtained
for tested clips significantly different .

In conclusion the motion content of the movie clips directly
influences the perceptual quality assessment of the streamed
multimedia clips at low loss rates. However, when the loss rate
increases and begins to severely affect the streaming process,
this relationship between the motion content and the end-user
perceived quality weakens.

D. Influence of Increased Loaded Delivery Conditions

Although the results of subjective Test 2 when using QOAS
seem higher than those of Test 1, by performing t-tests on the
perceptual quality scores obtained for these two tests for each
multimedia sequence involved in testing, the null hypothesis
that there is no statistical difference between the mean values
of the scores obtained for Test 1 and Test 2 respectively cannot
be rejected. This finding is stated with a very high level of con-
fidence of 99% (significance level ). This indicates a
very significant stability of the QOAS that maintains the same
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end-user appreciation in relation to the perceived quality in var-
ious loaded delivery conditions.

However when similar t-tests were performed for the NoAd
approach, there was a very significant statistical difference be-
tween the results in favor of those obtained during Test 1 (signif-
icance level ). Although it was expected in NoAd case
that higher loaded delivery conditions would cause higher loss
and therefore would affect negatively the end-user perceived
quality, this result confirms the QOAS benefit in difficult de-
livery conditions.

E. Influence of Multimedia Content Type

Analyzing Test 1 and Test 2 results when using QOAS, there
was a very significant statistical difference between the subjec-
tive scores obtained for the clips that contain movie scenes and
those associated with the cartoon clip. This result was confirmed
by paired t-tests that were performed on results obtained for
each movie sequence and the cartoon sequence with a signifi-
cance level of . A potential cause might be the different
MPEG-2 encoding output for the cartoon sequences as shown in
Table II. Unlike for the movie content, the peak/mean ratio for
cartoon content does not significantly increase with the decrease
in the average encoding bit-rate. Also the content with many
colors and clearly defined edges might be more affected in terms
of the end-user subjective quality corrupted during streaming
and especially in situations when loss occurs.

However these findings were not confirmed for the case when
NoAd approach was used for streaming in these difficult de-
livery conditions that have triggered high loss. Paired t-tests that
were performed on results obtained for each movie sequence
and the cartoon sequence could not reject the null hypothesis
that there is no difference between the mean values of those sets
of results (significance level of for Test 1 and
for Test 2).

In conclusion the type of multimedia content significantly
influences the end-user perceptual quality of multimedia clips
streamed using QOAS. When using the NoAd approach, much
higher losses occur that more severely affect the streaming
process and thus the end-user perceived quality. In this context
no relationship between the type of streamed multimedia clips
and end-user quality assessment could be demonstrated.

VI. PERCEPTUAL ASSESSMENT OF VARIOUS

MULTIMEDIA-RELATED FEATURES

A. Most Appreciated Multimedia Features

During both Test 1 and Test 2, the subjects were also asked to
indicate the features related to streamed multimedia clips that
they have mostly appreciated and the results are summarized
in Table VII and Table VIII. The numbers in the tables are the
percentage of subjects that thought that the feature helped their
perception of the clip.

When streaming multimedia sequences using QOAS the most
appreciated features were the clarity of the video content—most
appreciated by on average of 70% of subjects during both tests
and continuity of streaming—mostly liked on average by 60%
of subjects. In contrast when using NoAd the clarity of the
streamed multimedia content was the most appreciated feature

TABLE VII
TEST 1—STATISTICAL RESULTS: THE SUBJECTS MOST APPRECIATED

CHARACTERISTICS WHEN STREAMING: (A) diehard1, (B) dontsayaword,
(C) familyman, AND (D) roadtoeldorado

TABLE VIII
TEST 2—STATISTICAL RESULTS: THE SUBJECTS MOST APPRECIATED

CHARACTERISTICS WHEN STREAMING: (A) diehard1, (B) dontsayaword,
(C) familyman, AND (D) roadtoeldorado

and has attracted just over 30% of the votes during Test1 and
less than 10% during Test2. At the same time NoAd streaming
continuity was appreciated by just over 5% of the subjects.

Media synchronization and quality stability have attracted on
average the appreciation of more than 50% of subjects in both
tests when QOAS was used for streaming. When delivering mul-
timedia using the NoAd approach, media synchronization was
appreciated by around 10% of the subjects during Test 1 and
around 2% during Test 2, whereas the quality stability was indi-
cated by less than 2% of viewers.

The results related to quality stability are very significant for
QOAS evaluation as they confirm that the quality variations in-
troduced by QOAS adaptation process do not affect negatively
the end-users perceived quality. Also the fact that the levels
of appreciation for all these features are significantly higher
for QOAS than for NoAd indicates the important benefit of
QOAS when streaming multimedia in terms of end-user per-
ceived quality.

Analyzing these subjective results, although there is a certain
degree of variation between the viewers appreciation of certain
features, the results could not be related to the clips’ motion
content. At the same time the appreciation of all the features
in relation to the cartoon sequence was much lower than for any
other movie clip, fact that may suggest a dependence on the type
of the encoded content.

B. Least Appreciated Multimedia Features

The subjects were asked to indicate the multimedia features
they have disliked the most during Test 1 and Test 2 respectively
and the results related to each streamed multimedia clip are pre-
sented in Table IX and Table X.
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TABLE IX
TEST 1—STATISTICAL RESULTS: THE CHARACTERISTICS MOST DISLIKED BY

TEST SUBJECTS WHEN STREAMING: (A) diehard1, (B) dontsayaword,
(C) familyman, AND (D) roadtoeldorado

TABLE X
TEST 2—STATISTICAL RESULTS: THE CHARACTERISTICS MOST DISLIKED BY

TEST SUBJECTS WHEN STREAMING: (A) diehard1, (B) dontsayaword,
(C) familyman, AND (D) roadtoeldorado

When delivering multimedia content using QOAS, features
such as blurring and tiling have been seldom indicated as a cause
of dissatisfaction with the multimedia service. However on av-
erage 27% of subjects have found jerkiness the most disturbing
aspect, around 20% of them have disliked quality variations the
most and media de-synchronization was indicated by less than
17% of viewers.

Although these are low figures for the extreme loaded de-
livery conditions emulated during Test1 and especially during
Test2, they are due to the natural QOAS-based quality varia-
tions, low but nonzero loss rate recorded and some implementa-
tion imperfections of the prototype system that deploys QOAS
that may contribute toward a degradation of the end-user per-
ceived quality.

However when NoAd was used for streaming in the same
loaded delivery conditions, on average more than 80% of the
subjects were annoyed by tiling and more than 75% by jerki-
ness. At the same time more than 65% of viewers have noticed
and have disliked media de-synchronizations, whereas quality
variations were have mostly disturbed more than 60% of the
subjects.

The average of 60 points difference between the figures as-
sociated with QOAS and NoAd respectively indicate the huge
benefit of the adaptive approach in comparison with the non-
adaptive solution. It is very significant to notice that QOAS has
very significantly reduced the effect of tiling—usually associ-
ated with loss and most disturbing for viewers and very much

lowered the negative effect of other perceptual-related features
related to multimedia streaming.

Analyzing the results it could be said that blurring had the
least effect on the subjects’ perceived quality, regardless of the
streaming method. At the same time the influence of the motion
content of the multimedia sequences that originate from movies
on the subjects dissatisfaction with certain features could not
be demonstrated. However the type of the multimedia sequence
seems to be significant, consistent more negative results being
obtained for the cartoon sequence, regardless of the streaming
solution used.

VII. CONCLUSIONS

The Quality Oriented Adaptation Scheme (QOAS) was
designed in order to ensure both higher quality and increased
efficiency while delivering high bit-rate multimedia streams
to users via broadband IP networks. QOAS balances the cus-
tomers’ desire for high quality with the network operators’
and service providers’ aim at achieving high infrastructure
utilization and serving more customers.

Extensive simulation-based tests have assessed QOAS under
a range of different network conditions and their results have
shown very good QOAS performance. The subjective tests pre-
sented in this paper, complement those objective tests and aim
at assessing the end-users perceived quality when using QOAS
for multimedia streaming in most difficult delivery conditions
selected from the simulation tests.

Multimedia sequences representing different classes of mul-
timedia clips in terms of motion content and type were selected
and streamed using a prototype system that deploys QOAS. Ex-
tremely difficult delivery network conditions were emulated and
the effect of the consequent adaptations performed by QOAS
was subjectively assessed by end-users.

Regardless of the motion content of the streamed clips, when
using the QOAS approach the multimedia streaming quality was
highly graded by the test subjects, being above the “good” per-
ceptual level defined in the ITU-T R. P.910. Slightly lower re-
sults were obtained when streaming cartoon content, in both
cases when difficult delivery conditions were emulated. This
indicates that multimedia type significantly influences the end-
user subjective quality assessment.

The test subjects have also graded their perceived quality
when using a nonadaptive streaming approach in identical de-
livery conditions and as expected the QOAS-related results were
much higher than those obtained for the nonadaptive approach.

Although it is generally accepted that packet loss affects the
end-user perceived quality, this papers reports results of a study
that considers its influence on the subjective quality scores in
conjunction with the effect of streaming adaptiveness and the
clips’ degree of motion content. It is significant to mention the
observation that the higher the loss rate, the lower the influence
of the motion content on the end-user perceived quality.

The test subjects were also asked to indicate the characteristic
related to multimedia streaming that was mostly appreciated and
disliked respectively. They have specified these features in rela-
tion to each clip and both QOAS and nonadaptive approach.
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These subjective testing results, confirm the already existing
objective test results and highly recommend QOAS not only as a
very efficient solution for delivering multimedia-based services
to remote viewers but also as one that ensures very good quality
even in most variable and loaded network conditions.

VIII. FURTHER WORK

Subjective tests to compare QOAS-based streaming to other
adaptive solutions are in progress.

Further tests will assess the QOAS’s degree of TCP friend-
liness against different traffic that consists of various flavors of
TCP. Also QOAS will be extended for multicast transmissions,
taking into account some multicast specific characteristics such
as multiple feedback and arbitration of heterogeneous client re-
ports.

Further work that explores the possibility of using QOAS
with MPEG-4 in situations where broadband networks are
not available is envisaged. Extensive objective and subjective
testing that take into account the possible different effects the
coding scheme and narrower bandwidth have on the end-user
perceived quality will follow, so that the performance of this
QOAS extension is assessed properly.
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