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Evaluation of Video Quality Based on Objectively
Estimated Metric

Harilaos Koumaras, Anastasios Kourtis, and Drakoulis kars

Abstract: Multimedia applications, and especially encoded video low, medium, or high quality connections, indication of\dee
services, are expected to play a major role in the 3rd generation availability and cost. The future end users will be able toade
(3G) and beyond mobile communication systems. Given that fu- the QoS level that they want to start the session with, scattieat

ture service providers are expected to provide video applications geryice provider can launch the service with a set of pararset
at various price and quality levels, quick and economically afford-  {hat match those requested by the user [1].

able methods for preparing/encoding the offering media at vari- L .
ous qualities are necessary to be developed. This paper presents a The application of the PQOS concept gives the operator (or

method for objective evaluation of the perceived quality of MPEG ~ €VeN the service provider) the capability of a better exatiin
4 video content, based on a quantification of subjective assessOf the network resources for delivering multimedia appilaas
ments. Showing that subjectively derived perceived quality ofer-  (like MMS-video) to the users, because it is possible tocalle
vice (PQoS) vs. bit rate curves can be successfully approximatedonly those radio resources sufficient to maintain userfaatis
by a group of exponential functions, the proposed method explat tion. Since this is true for each user, then the overall aliot

a simple objective metric, which is obtained from the mean frame of the radio resource results in an optimization of the syste
rate vs. bit rate curves of an encoded clip. The validity of this met-  gpectral efficiency.

ric is assessed by comparing subjectively derived PQoS results to . . . . .
the corresponding ones, which come from the proposed objectv The information society technologies (IST) project Entteo

method, showing that the proposed technique provides satisfamty (FP6'507637) fiims to prpmote the adoption ‘f’md usagg of the
PQoS estimation. perceived quality of service (PQoS) concept in upcoming 3G

networks. In this context, one of its major objectives is & d
Index Terms: MPEG-4, objective measurements, perceived quality velop efficient and cost-effective solutions for the defjvef the
of service (PQOS). envisaged services at a requested (user perceived) quHity
is essential for those services targeting a consumer mass ma
ket (existing and new QoS-based interactive services) dtd w
in turn justify the investment to such services and techgiel®
for the business entities involved in a 3G (and beyond) ventu
The mobile communication systems of the 3rd generation|, order to provide audiovisual content at different peredi
(3G), among which UMTS is the most dominant, will provide ity levels, it is necessary to define the variation of B@e
the platforms for a multitude of novel services and applt®. 5, equation of the encoding bit rate. Precise curves of PQoS
Multimedia-enriched services, including Internet accessn- s it rate can be derived using an audience of people, who ar
Ioadmg, and streaming of short video clips, e'tc., are e)qnieto. watching a short video clip and score its quality, as peezblwy
lead in usage, operator revenue and bandwidth consumptiojem . However, this procedure is expensive and time consum-
mobile networks. The delivery of on-demand mobile medi& Wlﬂng. For actual commercial applications, objective measwent
enable many powerful services (like video telephony ang-plast pQos for any type of video content is required. In this re-
back of short video clips, etc.), making even more importa@t gpect this paper defines a simple metric for the measureshent
need for quality of service in 3G networks. the PQoS level and presents a method that is capable of making
One of the 3G visions is that multimedia services will be solghjective measurements of the perceived quality of ausicli
in a consumer mass market based on the provision of contgghtent, in the form of a short video clip. The results of this
at a requested quality [1]. There are a number of approachegdethod can be used by a service provider in order to encode
this, one being the use of perceived quality of service (AQOfie various available on-demand media clips at bit rategtwh
concept. The evaluation of the PQoS for multimedia and audigyrrespond to specific quality levels. In this way, the pdevi

vide a user with a range of choices covering the possitsltle pandwidth efficiency.

I. INTRODUCTION

Manuscript received October 17, 2003; approved for putiineby Hanseok The regt of the paper IS OrgamZEd as TOIIOWS.' Section |l
Ko, Division I Editor, April 20, 2005. presents literature review and related work in the issueQi®
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from the proposed method. Finally, Section VII concludes th BRa
paper. Perceived,
quality

PQu

II. LITERATURE REVIEW AND RELATED WORK

Lately, emphasis has been put on developing methods and
techniques for evaluating the perceived quality level afea
content. These methods can be mainly categorized into two ma
jor classes, the subjective and objective ones.

The subjective test methods involve an audience of people,

Curve (A): Video clip with low
spatial and temporal dynamics

Curve (B): Video clip with
medium spatial and temporal dynamics

Curve (C): Video clip with
high spatial and temporal dynamics

who watch a video sequence and evaluate its quality as per- PO ' >
ceived by them, under specific and controlled watching condi BR.  BRu Bit rate
tions. The mean opinion score (MOS) is regarded as the most

reliable method of quality measurement and has been appiied Fig. 1. PQoS vs. bit rate curves.

the most known subjective techniques: The single stimubas ¢
tinue quality evaluation (SSCQE) and the double stimulus co
tinue quality evaluation (DSCQE) [2]-[4]. However, the MOSics, which use only some extracted features from the aalgin
method is inconvenient due to the fact that the preparatigh esignal (reduced reference methods) [16] or do not requiye an
execution of subjective tests is costly and time consumifay. reference video signal (no reference methods) [17], [18].
this reason, a lot of effort has recently been focused onldeve All the aforementioned post-encoding methods may require
oping cheaper, faster and easier applicable objectiveiatiah repeating post-encoding tests in order to determine theding
methods. These techniques successfully emulate the siubjegparameters that satisfy a specific level of user satisfactiak-
quality assessment results, based on criteria and métetsdan ing them time consuming, complex and impractical for imple-
be measured objectively. The objective methods are cledsifimentation on the 3G/4G multimedia mobile applications. Due
according to the availability of the original video signahich to the fact that the 3G/4G vision is the provision of audiaais
is considered to be in high quality. content at various quality and price levels [1], there isagreeed
The majority of the proposed objective methods require tffier developing methods and tools that will help service piexs
undistorted source video sequence as a reference entiheintp predict quickly and easily the PQoS level of a media clip.
quality evaluation process and due to this are characteese These methods must be able to determine the specific encoding
full reference methods [5], [6]. These methods are basechonparameters that satisfy a certain quality level, withoet ieed
error sensitivity framework with most widely used metribgt of repeating post-encoding tests and quality evaluations.
peak signal to noise ratio (PSNR) and the mean square erroin this context, this paper presents a novel objective evalu
(MSE). tion method, based on a quantification of subjective evialnat
However, these overused metrics have seriously been crigisults, which will enable the quick and easy estimatiorhef t
cized that they do not provide reliable measurements oféne pPQoS level for MPEG-4 coded video clips, alleviating theref
ceived quality [13]. For this reason, a lot of effort has bedhe time requirements of the already existing methods.
focused on developing assessment methods that emulateehar
teristics of the human visual system (HVS) [7]-[10] usingco
trast sensitivity functions (CSF), channel decomposijtiemor lIl. DEFINITION OF METRICS FOR EVALUATING
normalization, weighting and finally Minkowski error poagj PQOS
for combining the error measurements into a single perdeive Among the standardized digital video encoding formats
quality estimation. An analytical description of the frammek, (MPEG-1/2/4), the MPEG-4 [19] is mostly preferred in the
which these methods use, can be found in [11]. distribution of interactive multimedia services over IFhile
However, it has been reported [12], [13] that these compNMPEG-2 is almost exclusively used in DVB networks. Further-
cated methods do not provide more reliable results thanittihte smore, MPEG-4 is most suitable for 3G networks, because it
ple mathematical measures (such as PSNR). Due to this sqirsvides better encoding efficiency at low bit rates, coragar
new full reference metrics that are based on the video siraict to the other two formats, given that UMTS can reach up to 2
distortion, and not on error measurement, have been prdposhit/sec maximum bit rate. The most reliable method to mea-
[14], [15]. sure the perceived quality level of audiovisual contenbiage
On the other hand, the fact that these methods require ttpe osiubjective evaluations. Curves of PQoS vs. bit rate can be de
inal video signal as reference deprives their use in comialeraived using an audience of people, who are watching a short
video service applications, where the initial undistoxtkols are video clip and score its quality, as perceived by them [40]42
not accessible. Moreover, even if the reference clip islavls, [23]. Such curves are shown in Fig. 1. Curve (A) represents a
then synchronization predicaments between the undistarid video clip with low temporal and spatial dynamics, whose-con
the distorted signal (which may have experienced frame) lossnt has “poor” movements and low picture complexity. Curve
make the implementation of the full reference methods diffic (C) represents a short video clip with high dynamics. CuBje (
Due to these reasons, the recent research has been focusedmmesents an intermediate case. According to these sivbjec
developing methods that can evaluate the PQoS based on regperiments, it can be derived that when the encoding kst rat
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drops below a certain threshold, which is depended on trevid Table 1. The five test video clips.

content, then the quality practically collapses. Clipl| Low Suzie
Moreover, the quality improvement is not significant for bit Clip 2 | dynamics|  Cactus & Comb

rates higher than a specific threshold, which is also depgnde Clip 3 : Table tennis

on the spatial and temporal activity of the clip. Finallyiside- Clip 4 High Flower garden & Mile

rived that the variation of the quality level versus the etiog Clip 5 | dynamics| Mobile & Calendar

bit rate is a non linear increasing function, with slope dejieg
on the video dynamics. Thus, it is evident that video dynamic

play a major role in the shape of the PQoS vs. bit rate curve. 2

; f, 245 e S
Furthermore, as more than one video may have similar dynam- 9 A 7
ics, each curve corresponds to a family of videos with rellate s |7 /
characteristics (dynamics). . 2 T /]

This paper proposes that each PQoS vs. bit rate curve can &~ [ ] ] S |
be characterized by (a) the low bit ratBR), which corre- el 94 9 DRSS
sponds to the lowest value of the accepted PQeQ () by the “ois L 3Tl ||
audience, (b) the high bit rateBRy), which corresponds to 21 L] 4 Cowerguien | |
the minimum value of the bit rate for which the PQoS reaches wos | L4 | | —
its maximum value PQ ) (seeBRy for curve (A) in Fig. 1), 20 L] ; ! . { ‘ ‘ ‘
and (c) the shape and subsequently the inclination of eagk cu 0 100 200 300 400 500 600
From the curves of Fig. 1, it can be deduced that video clipis wi Bit rate (kbps)

IOW dy_namlcs ha,ve loweB R, and hlgher inclination than CIIpS Fig. 2. The mean fps vs. bit rate curves for CIF resolution and 80%
with high dynamics. smoothness parameter.

A general analytical expression for the curves in Fig. 1 has
not yet been derived and there is still work to be done in theo-

retical level. Furthermore, the fact that these curves areel (cBR) from 50 kbps to 500 kbps. For each bit rate, a different
from subjective tests deprives their use in practical ant-CoMpEG-4 file was created. CIF (common intermediate format)
mercial systems. A simplified approach to these curves,cbasgsolution 852 x 288), smoothness parameter equal to 80% and
on metrics that can be derived objectively, would be veryulse constant frame rate with 25 frames per second (fps) were com-
for applications in commercial systems. mon parameters for the transcoding process in all test gideo

The method proposed in this paper is based on an exponeneach MPEG-4 video clip was then played back using a suit-
tial approximation of the curves of Fig. 1. Each curve can Bge Microsoft media player, featuring an option to measiee

approximately described by an equation of the form mean value of fps over the whole duration of the video clip
- w(BR-BR1) (statistics option). During playback, it was observed tinat

PQ=(PQu - PQr)(1—¢ )+ PQr, perceived quality decreases as the bit rate drops, evemgtthou
BR > BRyp anda > 0 (1) the mean frame rate remains constant to the initial valag @5

fps for the experiments of this paper), as measured by tlyepla
wherePQ is the perceived quality level of a specific video cligstatistics tool. It was also observed that when the bit resesi
at bit rate BR, with PQy and PQy, being the maximum and pelow a certain threshold, picture pauses appear. Theskecan
minimum quality levels, respectively. The parametedefines measured by the mean frame rate, which drops below thelinitia
the Shape and Subsequently the inclination of each curve. value (25 fps), as measured by the statistics tool.

From (1), it is evident that thé’Q) level of a specific video  The variation of the mean frame rate during playback, versus
clip can be defined, provided thatR; and parametex are encoding bit rate is shown in Fig. 2, for the various test gide
known (considering thaPQ y remains practically constant forclips. Note that since the statistics tool measures mearesal
all the test videos). In this respect, in the following seeti a the points on the curves do not correspond always on integer
correlation betwees 2, and parametet is derived, which en- values. The content of each video clip and its corresponding
tails that the objective evaluation of only one metric (i2R;) numbering is shown in Table 1. Clips 1, 2., 5 are listed in
is sufficient to estimate the various PQOoS levels of a vidgn cl ascending order, concerning the dynamics of their videtern
From Table 1 and the curves of Fig. 2, it is evident that thaeal
IV. OBJECTIVE ESTIMATION OF BR; AND of_th_e bit rate, below which the mean frar_ne rate drops under_lt

original value (25 fps), depends on the video content dynami
CORRELATION WITH PARAMETER of the clip. In other words, video clips with high dynamicsye

For the needs of the proposed method, five test video cliglbbile & Calendar) require higher encoding bit rate to maiimt
with different content dynamics each, were used. Theifahit the mean fps value at its initial value (i.e., 25), than vidéps
encoding format was MPEG-2/PAL at 12 Mb/s. These wellith lower dynamics (e.g., Suzie).
known video clips have been developed by Tektronix corp. andin order to correlate curves of Figs. 1 and 2, the following
Sanoff laboratories and are shown on Table 1. Each test videssumption can be made. When the frame rate drops below 25
clip was transcoded from its original MPEG-2/PAL format afips, the perceived quality is considered to be unaccept&ude
12 Mb/s to DivX MPEG-4 format, at various constant bit ratei$ is possible to consider that thBR; value of each curve in
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Fig. 3. Mean opinion score vs. bit rate derived from subjective test for
videos with high and low dynamics.

Fig. 5. Theoretical approach of equation BRy = 2.5BRy,.

measured, as explained above. The valu&&fy can be ob-
tained indirectly, fromBR ..

In order to define the relation betwe&R; andBRy, a sub-
jective evaluation process was used. In this respect, aerm@eal
of ten people was asked to watch and score twenty high dynam-
ics and twenty low dynamics video clips, which were encoded

) . . - at various constant bit rates with DivX MPEG-4/CIF formatlan

Fig. 4. Comparison between two frames from the test signal “Suzie” en- . .

coded with MPEG-4/CIF at BR;, — 90 kbps and BRy; — 2.5BR;, — constant frame rate equal to 25 fps. Encoding bit rates vasre v

225 kbps. ied from 80 to 2000 kbps, depending on the video dynamics.
Fig. 3 illustrates the mean opinion score (MOS) vs. the encod
ing bit rate for the quality assessment of the twenty high and
E)w dynamics test signals, respectively. The scale thatusad

Fig. 1 is equal to the objectively measured bit rate in Fig. o . ) .
where the curve starts to bend. Both values correspond to @%hese subjective evaluation experiments, is the DSCQS IT

g : : 3], [22] hundred scale, which considers best possiblédityua
minimum level of accepted perceived qualiy@y,). ) .
. - PQy =100 (i.e., llent qualit dl t tabl I-
Therefore, this paper proposes ttiak; can be objectively Qu 00 (i-e., excellent quality) and lowest acceptable qua

defined by the encoding bit rate, below which the targetait =~ /S £ @z = 00 (ie. fair quality).
selected frame rate (25 fps) cannot be achieved. This meanst From Fig. 3, it can be verified that, when the bit rate exceeded
for lower bit rates thaB R, the frame rate drops below its ini-a SPecific threshold1(000 kbps for high dynamics an@50 for
tial value. The explanation of this phenomenon lies on tice fd0W dynamics clips), the viewers assessed that the qualitpt
that the rate algorithm of the encoder is not able to achiege Substantially improved any more. Given this and providest th
target low bit rate value by altering only the quantizatioals. the value of BR; was around 400 kbps and 90 kbps, for high
Therefore, the encoder is forced to exclude some frames frgfd low dynamics videos, respectively, it can be deduced tha
the encoding process. By this way the total information is-miwhen the ratioBRy /BR;, equals t02.5, the quality has ap-
imized, and the target low bit rate can be successfully aedie Proximately reached satisfactorily its best quality leveig. 4,
The bit rate, at which the frame loss begins, depends on #fPicts two representative frames derived from the testesep
spatial and temporal complexity of each video sequences TRuzie, encoded @R, = 90kbpsand3Ry = 2.5BR, = 225
observation is reconfirmed by the experimental results@fZi kbps with MPEG-4/CIF, from where the substantial quality im
where the frame loss for high dynamics clips occurs at higter Provement can be observed.
rates in Comparison to low dynamics C|ipS. AIthough in MPEG- The above experimenta”y derived expressionBRL and
4 encoders, it is possible to select the encoding frametyie ( BR;; (i.e., BRy = 2.5BR;) can be theoretically justified,
cally 10 to 30 fps), for reference reasons, the frame ratentha.  based on the proposed exponential approximation of PQoS vs.
used for all the test signals in this paper, was equal to 25 fps pit rate curves. Considering that the curves of Fig. 1 can be
In order to specify the shape of an exponential curve, like tlextended to values beloWw@;, (i.e., to unacceptable/annoying
ones in Fig. 1, it is sufficient to define one point of the cumd a quality levels), Fig. 5 can be derived. It is assumed that; th
parameteky (see (1)). This point can béBR., PQr), where oretically, all curves converge tBQ = 0, although the gray
PQy is the lowest acceptable perceived quality level. Paranarea (dashed lines) is not acceptable for actual servians-pr
ter o can be defined using a second point of the curve, whisfon. From this figure, it can be deduced that the subjegtivel
can be selected to b&Ry, PQy), wherePQ y the maximum derived PQoS vs. bit rate curves can be represented as sisgmen
achieved quality level. The value @Ry can be objectively of an exponential curves family, which can be described by th
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expression

PQ = PQy(1 —e *BR) (2)
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Fig. 7. Mean fps vs. kbps for actual/non-reference video clips (CIF
resolution).

and ultimately define the bit rates that correspond to thiewar
quality levels.
Referring to the curves of Fig. 1, it is obvious that the num-

where only the parametett, and subsequently the slopeber of the significantly different quality levels dependstba
changes according to the video dynamics. Therefore, (Brsovdynamics of the video clip. Using a typical scale of PQoS, a
all the possible PQoS curves that may be derived from anypgrd@w dynamic video clip will have short distanc&R ., BRp]

of clips with low, medium or high spatial and temporal adgivi and therefore it is meaningless to offer the specific vidgo cl

level. Equation (2) can be directly derived from (1) withéags
of generality by settind®@;, = 0 andBR;, = 0.
From (2), theBR, value, which corresponds 8¢, can be
expressed as
In 7, S
” .

BR; = ©)

Thus, replacing in (2) th& R value with the expressidn BR .,
it is deduced that

PQu — PQyL
PQu
Finally, replacing in (4)PQg = 100, PQr = 60, andk = 2.5,

which are the test parameters of the subjective evaluatiorep
dures in this paper, it is deduced that wHeR = 2.5 BR,, then

PQ = PQu |1 ( ) )

at a lot of quality levels. Correspondingly, for a high dynam
video clip the offering quality levels will be many. So, itlp to
the service provider to determine about the intermediasdityu
levels of a video clip, based on the bit rates that correspond
the lowest and highest quality levels, which are defined ey th
proposed method.

V. EXTENSION OF THE PROPOSED METHOD

The proposed method was also tested on actual video clips
with various dynamics. The encoding format of these clips wa
MPEG-4 with352 x 288 resolution (CIF) and 25 fps. Fig. 7 de-
picts the mean fps vs. the encoding bit rate for video clipp; c
tured from a typical satellite TV program. From these figures
it is obvious that video clips with high dynamics (like swim-
ming/sports) appear to haveR;, values higher than video clips

the derived PQoS level approximates satisfactorily theimasvith low dynamics (like talk show). So, it is evident that the

mum perceived quality level at a percentag®@f;. Moreover,
solving (3) by, it can be derived that

PQu
In 55, pa;

BR, (5)

o =

metric BRy, is able to distinguish actual video content accord-
ing to its dynamics.

The frame rates vs. bit rate curves were also derived for the
five reference signals (Table 1) for the case of QCIF resmiuti
Fig. 8 shows the correspondifgR; values of the five refer-
ence videos, when encoded with CIF and QCIF resolution, re-

Replacing in (5)PQp = 100 andPQy, = 60, itis deduced that gpeciively.

a_092
" BR.’

(6)

Fig. 6 illustrates the graphical representation of (6).

From Fig. 8, it can be deduced that the reductioBdt;, is
more than 50% when QCIF is used instead of CIF resolution.
Provided that in the upcoming 3G mobile communication net-
works (UMTS) the user terminals will be equipped with small

Therefore, it is evident that the determination of the expaolor screens (supporting QCIF resolution) and providexd th
nentially approximated curve of PQoS vs. bit rate for a djiecithe bit rate must be kept in significant low levels, it is olmso

video clip is possible, by first finding the value BfR , from the

that QCIF resolution will dominate in the distribution of Hiu

corresponding curve of fps vs. bit rate (Fig. 2) and thengisimedia files in 3G mobile devices. To this direction the pregbs
this BRy, value as input to (6), in order to find the correspondingiethod aims to contribute, as a part of real commercial egpli

value of parametet. These two values (i.eB Ry, and parame-

tions.

ter o) are sufficient to define the corresponding exponential (1) Therefore, the objectively measured metidz;, is able to



400

JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 7, NO. 3, SEPTEMER 2005

Table 2. The subjectively and objectively estimated BRL for the four test

350 R signals.
/ . Objectively estimated| Subjectively estimated
300 Test signal BR, (kbps) BR, (kbps)
- 250 -
£ /./ » e COF Suzie 75 80
= /-/ —»—QCF Cactus 100 100
g 0 / Table tennis 180 170
100 — - Flower garden 220 200
50 P —— Mobile & Calendar 350 380
0
Suzie Cactus Tennis  Mile Mobile
Test signals
=
Fig. 8. The values of BRy, for CIF and QCIF resolution. | =

++ 4

guantitatively estimate the perceived quality of a videnteat.

This metric applies for both CIF and QCIF resolution and #s v
lidity has been successfully tested not only for refereridew

clips, but for actual TV clips, as well. The proposed methad c
be used for the provision of video content at different gyali
levels (and corresponding prices), a feature, which isidensd s 2F 8
significant in the provision of multimedia services in theom- s
ing 3G networks. I

80 |- T B

Proposed method quantities

L L L
60 70 80 90 100

Subjective quantities

VI. EFFICIENCY EVALUATION OF THE PROPOSED
METHOD Fig. 9. The Q-Q plot of the subjectively and objectively derived data.

This section examines the efficiency of the proposed method.
In this respect, it was performed a comparison between thke qu
ity evaluation data derived from subjective proceduresthed quality evaluation results derived from a subjective exiin
data, which the proposed method provides. Regarding the pfecess to the corresponding ones, which came from the pro-
ficiency evaluation, two separate tests were performedyevh@osed method. In this respect, an audience of ten people was
it was examined the efficiency of the proposed objective imetasked to watch and evaluate the quality of five test signats, ¢
(BRp1) and the efficiency of the proposed exponential approtaining various TV captured dynamic contents (ranging from
imation method for estimating the PQoS level of an encodsthtic to very active video contents). The test sequences we
video clip. encoded from their original digital video (DV) format to Ddv
a. Efficiency evaluation of the objectively estimatedB R, MPEG-4/CIF format at various constant bit rates (rangiognfr

In order to examine the validity of the objectively estinthte80 to 1500 kbps) and 25 fps. The total number of the encoded
BR;, metric, the five reference video clips of Table 1 were usédest sequences was 35. Finally, the MOS for each encoded se-
in CIF resolution. For these five reference signals, the mbjejuence was derived from the statistical process of the ichai
tively estimatedB Ry, values were derived (Table 2) from theevaluations.
corresponding fps vs. hit rate curves, which are depicted inAfterwards, the proposed objective method was applied on
Fig. 2. Furthermore, the same test signals were used as thsttest signals that were used in this subjective evalugtio-
bed in a subjective evaluation procedure, where the audiemess. By calculating objectively the corresponding;, values
was asked to select the encoded video with the lowest accdpim the frame rate vs. bit rate curves and making use of the
able quality level (i.e., tilling artifacts may appear bietvideo relation (6), then the determination of the (1) for each widkp
motion should be smooth, without pauses and interruptiddys) was possible. Finally, the quality levels that correspandach
this way the corresponding R, values were estimated subjecencoded bit rate, which was used in the subjective testddoail
tively. The results are depicted in Table 2 in conjunctiothwi easily and quickly estimated, by simply solving (1).
the corresponding objective ones. Having derived both the subjective and objective scores for

Based on these results, it can be derived that the proposedh encoded test signal, a Q-Q plot was drawn, in order to ex-
metric provides accurate estimations and emulates suiatigss amine the efficiency of the proposed method. A Q-Q plot is
the corresponding subjective evaluation results with sstvcase illustrated based on values, which have been derived from tw
error equal ta0%. samples, and examines whether these two samples come from
b. Efficiency evaluation of the proposed exponentially bask the same distribution type. If the samples do come from the
method for estimating the PQoS vs. bit rate curve same distribution then the plot is linear.

The efficiency of the proposed method for predicting the Fig. 9 depicts the Q-Q plot for the subjectively and objec-
PQoS level of a test signal, was examined by comparing ttieely derived data for all the encoded sequences. Asit &an b
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observed, the distribution of the points is around and vergec [10]

to the linear diagonal, which demonstrates the satisfaditoof

the two sets. Therefore, the proposed method of this paper A1)

vides, quickly and easily, reliable results of PQoS evadunefor

MPEG-4 coded clips. In this respect, the proposed metho
be commercially used and applied in the upcoming 3G/4G
bile communication systems, where multimedia servicelbsil [13]

offered at multiple quality levels.

VII. CONCLUSIONS

The provision of audiovisual content at different percdive
quality levels requires curves of PQoS vs. bit rate, whigh af g
usually derived via subjective methods, using an audierice o

people. This paper defines a metric for the quantitativenasti

tion of the PQoS level and presents a method that is cap

of making objective estimations of the perceived qualityaof

exponential functions, the efficiency of the proposed temln

is tested and proved that provides quick and efficient PQeS %Y

timation, emulating successfully the corresponding stthje

evaluation results. A series of experiments was also cdaduc
with real video content, captured from common TV programs,,
showing that the proposed method can successfully estimate
PQoS level for encoded video clips in both CIF and QCIF fof23]
mats. Given that in 3G/4G mobile communication systems, the

multimedia services will be offered at various perceivedlijy
levels, the proposed method can be valuable in 3G/4G mobile
communication applications.
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