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subjective and djective procedws bothappliedon tre encoed
signal. The subjective tesmethods, mainly proposedy
Interndiond Telecommunicatons Union (ITU) and Vido
Quality Experts Group (VQEG), involvan audence watcing a

Due to the process of encoding/compression of a video signalyvideo seqance and scorg its quality as @rceived ly the

repecive qudity degadaion takes phce which in tun
introduces the need for dity assessment methodsnda
proceduresThe objedive d thispaper igo regarch theimpactof
the spatiotemporalythamics of the video contéron the deduced
percepual qudity. More specifcdly it is presented how the
spatiotemporaactivity affects i)the highest quay level that each
videocanreach, ii)the videoquality acceptace thresholduchas
the lowest qudtly levd and iii) the video qualityvs. bit rate
pattern.

General Terms
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1. INTRODUCTION

Current modern techtmgy has made vgr popular tle wide
production distibution andcorsumption of video data @r the

Internet and mobile communication networks. Although the

capacity of the various accessnd core networks has today
reacted kvels that may leave the oppotunity for ove
provisioning,the use ofencodirg technques forthe compression
of video streams remains a necesgityrder to reducéhe hidh
multimedia d&a volume in daéceners. Thus,the evduaion of
the repedive quality degaddion introduced § the conpresson
proces ill remains asanadive resarchtopic.

The existing literatue of vided quality assessment techniggl
focuses on models and techumeg evalating and assessing the
percepual level of an alreag encoded andr srved vide
service Currently the evaluaion of the video qualityis a matterof
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participans. Ths evaluation isontrolledunderspecific watchig
conditions On the other hah objective ewluation methds
provide fastr quality assessent, expoiting rmultiple metrics that
use methenaticd modelsto quartify the perceptual inpact of the
encoding difacts (e.g. tiling, blurriness, error blocks, etc) oneth
video quality level. Newerthdess, the najority of the objetive
methods requiréhe undistorted ideo source as eefererce entity
in the qudity evaluaion pracessDue tothis requirement,they are
charaterized as Full Refererec(FR) Methods[1-3]. The receh
research is foced also on deveping methodsHhat can evaluate
the viceo quality level based o metrics, which use only some
extrected sructural featues from the orignal sgnal (Redued
Referere Metlods) [4-8]or do not reque ary refeence video
signal (No Rference Methods).

Thus, tle aim of the currénmethods is the quantification dfe
user expeiencein terms of stisfacton. Howeve, from a service
provider aspect, whicls interestedto provde its conterts free of
charge there is a ned in teem of more efficient bandwidh
management fospecif/ing i) the thieshold upto whichthe user
consders the quality of the encoded srvice as aceptble a
below which considers it as unaccepeahi) the maximum
perceived qualitylevel that each video content can reach upo
encoding and iii) the pattern dfie vicco quality level vs. the
encodingbit rate (whichwill provide to the use the capadty to
offer a vdeo at various qualitjevels). Apart fom the various
encoding palametersthat play significant rde in the deduced
perceived quality level (e.ghit rate, spaial and tenporal
resolution) thedynarics of thecontert (i.e. spatial and temporal
acivity of the content) ae criticd for the final pereptwl
outcome. Although a lot of rearch is focused on develogin
techrques and methods estitimy the vido quality of a
compressed/encoded video sign#he impact of tke video
spatiotemporaldynamics on th video quality after encothg is
not welladdresed by the leseacch communityand hencexplains
the notivation of our work.

The main cotribution of this @per is anexpermental approach
of the spatiotemporal contedynamics impacting i) theigleo
quality acceptance thredold (i.e. the percepual quality level
below a cedin quality which the user coridersasunaccegable),



i) the highest abievabe video qualil levd and ii) the pattern of
video quality vs. encothg hit rate.

More gecificdly, this pagr preentsa fudy on the pecepual
quality of the spatioterpord dynamics of the contentin
correlation with the ezoding bit rate We consicer tha the other
encoding prameters (e.g spatia and temporal resolutn,
encoding schem GOP patterretc.) remain constant. Towards
this, we provide results, depiatirthe actal perceived efficiency
for variousactivity levels. Weconsider not only the engseing
effediveness such assmple erior-basd netrics is considered Ui
also asvideosare atudly perceived ty the hunan visia system
through a respective objiaoe assessmentetric.

In this framework this paper usesfereme viceo clips, whichare
represerdtive d different sptia and tenpord activity levels,
covering by this way all the range of the Patiotenporal ale
Afterwards for eachclip the rebtive FQoS vs. Bit rate cune for
MPEG-4 encoding is drawn, shing how the differetiation in
theconten affects the dedredvideo quality

The iest of this paperis orgarnized asfollows: Secion 2 pregntsa
two-dimensional approach atassfying the contendynamics of

the viceo signals. In Section, 3ve present twmbjedive metrics

for clasifying a video gquerte accordng to its spatiotempora

Section 4 peseits the spatitemporal charateristics of thetest

signals that hawbeen used in b paper. Thedationship of the
video quality to the spatial antemporal lee of the viceo cortent
is discussed in Section binally, Section 6 cocludes this pagr

discussing theperspectves of the curentresarc outcones.

2. Spatiotemporal Content Plane: A two-
dimensional classification of the content
dynamics

The conent of each vieo clip maydiffer substatially depending

on its dynamics (i.e. the gatia conplexity andor the temporal
acivity of the depited visial dgnal). The quatfification of this
diversity is of high interesto the viceo codng expets, becaus
the gatiotemporal cortent d/namics of a videosignal gpedfy ard

determine th eficiency of a codng procedure.

From the percptual apect, the quality of a video sequence is
dependenon the spatiotemporalyshamics of te conteh More
specifically, it is known from he fundamentaprinciples of tle
video codng theoly that actionclips with highdyramic cortent
are pereived asdegraded in aoparion to the squenceswith
slow-moving clips, subjedb identical encodng procedures

Thus the classificaion of the various video sigals accordingo
their spaibtenporal chaaderistics will provde to the vido
reearch community the ablity to quantify the perceptual impad
of the variouscontent gnanics on the perceptl efficiercy of
the moderrencaling standrds.

Towards this classificationn [9] it is proposedh spatitemporal
plane, where each wd signal (subject teshort durationard

homogeneous content) is dejed as Catesian point in th

spatiotempora plane where tle horizonél axs refers to the
spatialcomponent of its conterdtynamics and the verticalxis

refersto the temporal onesThe regpedive pane is depided m

Figure 1.
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Therefoe, acading to thisapproach, each video clip can be
classified to four categms degnding on its contentythamics
namdy:

Low Spdial Activity — Low Tempord Activity (uppe left)

High Spatial Ativity —Low Tenporal Activity (upper right)
Low Spdial Activity — High Temporal Actiity (lower left)

High Spatial Ativity —High Temporal Activty (lower rigtt)
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Figure 1: The Spatiotemporal grid used for classifying a video
sequence accor ding to its content dynamics

The accuracyof the proposed spatiotemporal cortgiane is
subjectto the duation d the video signal andhe homogeneityf
the content. Foshort duratin and homogeneous content video
clips, the dassifcaion is repesenttive and efficiert. Howe\er,

for videoclips of longerurationand teterogeneous contentheir
spatiotemporaclassifiation is beconing difficult.

3. Objective Metricsfor the Spatiotemporal
Classification of Video Content

We propose to use twoistiete metrics, one forthe spatial
component anane for the temporal one inder to cover the
spatiotemporaplaneand theneads of this @per.

The aveaged frame variane is proposed for the spatial
component othe video signal.This objective metric grmits the
guantification ofthe spatial gnamics of a video signal short in
duration and bmogeneous. Considering that a frageis

composed ofN pils X, , then the ariance of a frane is defined
in equetion 1:

1 -
. 2 _ 2
Eql: o frameg, — _Z(X - X)
N =
Derived fromequation 1 equation 2 presntsthe aveaged fame

variarce for tre whole viceo dumtion K represents the numbef o
framesin the viceo.



1 K 5 11 K N -
E;G frame, :ENZZ(XM _Xk)

k=1 i=1

The averagd variance of theuscesive y frame luminance
differerce is proposed as a metrfor the quantification of th
temporal gnamics of a video sgience. Considering that aine

containsN pixelsX; and K the number of frames in the video,

then tle averaged frame difference ofthe siccesive frame pairs is
definedin equation 3.

E: 1 K 1 N
gs: K 1ZN§1(XK| )&u

2

Therefoe, the averaged wriance for the owerdl duration of the
test sigl is defned inequetion 4.

Eq4:

Z(_Z(XU )&]_J)_K 1k2_2()§<| )&]_J))

The gale in bah aes refersto the nomalized measirenents
(considering a scale from 0 up 1) of the spatial and temporal
component,
normalizationprocedure applied ithis pager, sets the testsignal
with the highest spatiotqmoral conten to the laver right quarte
and speifically to the Catesian(Spatial Temporal) values (075,
0.75). This hypothesis, withotiary loss of geerality, allows to
our classiftaion grid the possibilit to conside also test sigria
that may have hgher spatitenporal corert in comparison to the
tested ones.

4. Classification of the Test Signalsto the
Spatiotemporal Content Plane

For the needs of this paper dishort refeence sequences are
used. Thee squencesare depiced in tade 1. Applyng the
describedspatialand temporal metrics ondhrefrence signalsfo
Table 1, tleir classification orthe proposed spatiotemporal gisd
depicted orFigure 2.

According to Figure 2, it can kabserved that the spatiotemporal
dynamics of tie selected eferencesignals aralistributed to althe
four quarters ofthe spatiotemporal gridndicating their divers
nature of tle content gnamics. Moreover, the valigt of the
proposed metrics is ddred by these exgrimental results,
showing that theyprovide adequate diffrentiation among the
dynamics ofthe signals under test.

Based on ta experimental resultsf Figure 2 ad Table 1, it can
be observed that the selectedesdidignalsare epresenttves of
the whole rangof the spatitempoal actvity rangeof the contet
dynarrics andthe gatiotenpord conentplare.

In the nex Secion, we dscuss the patiotenporal cornent
dynamics impact on i) #hvideo quality acceptarce theshold (i.e.
the percepud quality level belav which the use considerghatan
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according to the aforementioned metrics. The

encoded vido is of unaccptabk qualty), ii) the highet
achievable videoquality level ard iii) the patern of video qualiy
vs. encothg bt rate.
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Figure 2: The Spatiotemporal classification of the test signals.
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Table 1: Thefivereferencetest signals

5. Spatiotemporal Activity and Video Quality

This section fouses on the ipact of tke spatibermporal ativity
of the contehon the video qualityThe encoding bit rateeeds to
be adjusted according to thisnpact in order to providea
satisking video quality to the erd-user. It must & notedthat the
used ®quencesin this pape are refeence sgnals with limited
durationand therefore with picically homogeneous content (i.e.
constant spatial and temporativity level). The stug with
longer vdeosis out ofthe scopef this paper.

Eadch test video dip o Table 1, is ertoded fom its original
uncompressed format to IS®IPEG-4 Visual Simple Profile
format, atdifferent constantit rates (spanng a range from
50kbps to 1.5Mps for CIF (Common Intermediate Format) with
key-frame perid equal to 100rames in both cases For each
corresponding ibrate, a diffeent ISO MPEG-4compliant file is
created The frame rate is set @6 frames pesecond (fps) fothe
whole erodingprocess.



Each ISO MPEG-4 video cliis then usedas input ina no-
refererce objective qualitymeasurement tob [10]. From the
reailting quality per frane meauurenents the averagequalty for
the whoe clip is cdculated.

5.1 The impact of content dynamics on the
video quality vs. bit rate pattern

This expeimental proedure isrepeded foreachteged video dip
and the respective cwes representing ¢hvideo quality vs.the
encoding i rate is depctedin Fgure 3.The cunesare fdlowing

a general expeential patternand present a significant leeway
betweerthe various sgiotempord dynamics.

Perceived

Quality A
BR;
PQx N
B C
PQL L4 >
BR: BRy Bit rate

Figure 3: Impact of dynamics on the video quality vs. bit rate
curves

More oecificaly, it can be observed that cuve A repesnts
video dip with low temporaland spd&ial dynamics, i.e. video
contert with “poor” movementsand low pictue complexitysuch
as a tak show scene.Curve C represgrts video clip with high
dynamics, such as a footkall match. Cune B represets an
intermediate ca®. Radicaly, it can be obswed tha in low
bitrates curve Areacles a higter pereptud level conpared b
curve B apicting a ®querce with higher spatiotemporal content.
On the other &nd, thecurve C) equires higler bit rate in orer to
reachasatifacory PQoSlevel

Neverthéess, curve(C) ractes its maximum PQoSvalue nore
snoothly thanin the lowacivity case.

Moreover, each curve -and tharefore ach video clip- can b
characterized yo (a) a low bit ate (BRL), which corresponds to
the lower véue of the aceped PQoS (PQL) by the audene, (b)
the high bit rat¢dBRH), which corresponds to the minimum value
of the bt rate br which the PQoS reachesits maximum PQH
value (see BR for curve (A) in figue 3) and (c)the mean
inclination of the cune, which can e definedas ME = (PQH —
PQL) / (BRH — BRL ). From the curves of Figure 1, it can b
deducedhat video clips withlow dynarics hae lower BRL am
higher ME tlanclips with highdynamics.

Digital Object Identifier: 10.4108/ICST.MOBIMEDIA2009.7506
http://dx.doi.org/10.4108/ICST.MOBIMEDIA2009.7506

95

LSS

85

Mean PQoS

—e— Mobile & Calendar
- Suzie

PQL 70 7 ——Cactus & Comb [
/ —= Flowergarden
65 T~ 4 —«— Table tennis ]
60 T T T T T
0 300 600 900 1200 1500 1800
Bit Rate (kbps)

Figure4: The Video Quality vs. Bit Rate curves

Following the general patterin Figure 3 the respectie
experimental data for thesference $gnds that rave besn tesed
are depcted inFigure 4. Asit can be observedhe impact of th
spatiotemporaacivity on the content is depicted \ery clea. It
also shows twanore importanbutcomes:

i) For video signals with low sgiatenpord acivity, a
saturation poin appars, abve which the
percepual entancerrentis nedigible evenfor very
high ercodingbit rates.

ii) As the spatiotaporal actiity of the conteh becomes
higher, the respctive pecegual saturation point
(i.e. the highespercepual quality level) kecomes
lower, which pactically meansthat video ofhigh
dynanics newer reachavely high pereptual lewel.

Based on these observations, thatrsib section examines in
more detdls theimpact ofthe content ¢/namicson the grcepgud
saturatiorpoirt (i.e. thehighest percepual qudity level).

5.2 The impact of content dynamics on the
highest per ceptual quality level

Focusing more on the impact of the spatioporal cotent
dynamics on th perceptal satwation point §.e. the highest
percepual quality level that eachvideo sgnal an achiee), it can
be observed directlfrom both Figues 3 and 4 that video signals
with reldively low spatiotenporal content achiew higher
percepual levels than vicko sgnals tha cortain conten of high
dynamics.

In this framework, Figure 5 depscthe experimentd results for
the test signal®f this pagr, concerningthe hghest perepual
quality level (PQH) for both GF and QCIF spatial resolution.

It can be obserd that for bothCIF and QCIF spatial resolution,
the inpact of he gatiotemporal activity is significant makig
egpecally the signalsof low content gnamics less demanding in
terms of enoding bit rate foracertainperceived threshold.
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Figure 5: Impact of dynamics on the PQoS saturation point

5.3 Theimpact of content dynamicson the
video quality acceptance threshold
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Figure 6: Theimpact of dynamics on the acceptance PQoS
threshold

High

This sub section examines thmpact of tle spatioterpord
acivity of the ontent on the peeptwal acepgance threbold for
the \arioustest $gnals.

The repedive reslts are depiad in Fgure 6. The lows
aceptalbe perceptuad level is fixed to 3.5 in the MOS scal.
Basedon these experimentegallts, it is shownthat for bothCIF
and QCIF spatial resolution need higher ldterin order to
acheve the percepual acceptarce threbold when tre
spdiotemporaladivity becomes morecomplex. Especially for the
case of CIF, the demand in terwisbit rate lecomes higher than
for the case oQCIF.

6. Conclusions

This paper preents the irpact of the vicko spatiotemporal
dynamics on thededuced erceptual quality. More ecificaly it
shows how thespatioterpord acivity affects i) the higlest
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quality level that each vide@an reach, ii) tle video quality
aceptarce thredold (i.e the lowvest quaty level) and ii) the
video quality vs. bit rate pttem. Ths pamr proves that tl
spatiotempora acivity has a sgnificant impact onthe \vdeo
quality of the encoded ignal and can b used in g$reamng
applications or IPTVservices over heterogensodevices.This
work can hae an impact onthe way opegtors exploit their
networks ly maximizing tle Erd-User PQoS while dpnizing the
network resowres (bandwidth)
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