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PREDMET: Zahtjev za pokretanjem procedure odbrane naudnoistrazivadkog seminara 1.2

U skladu sa alanom 3 Odluke Vije6a Etekkotehnidkog fakutteta u Sarajevu o definiranju
procedure realizacije naudnoistra:ivadkih seminara na tre6em ciklusu studija _ doktorskom
studru (broj: 01-503121 od 01 .02.202.1. godine), podnosjm strede6i

ZAHTJEV

za pokretanjem procedure odbrane nauinoistraZivaakog semjnara 1.2. kandidata Kerima
HodZi6a na temu ,,Realistic Video Sequences for Subjective eoE Analysis,,.

OBRAZLOZENJE

U svojstvu akademskog savjetnika misljenja sam da je kandidat Kerima Hodzi6 ispunio
postavljeni zadatak isve obaveze u skladu sa definiranim planom rada, te objavio
konferencijski rad u okviru naudnoistra:ivadkog seminara 1.2 u skladu sa nastavnim planom
kojitemaiski pripada oblasti studija Radunarstva iinformatjke. Saglasan sam ipotvrdujem daje student ispunio sve obaveze u okviru odgovara.ju6eg nauanoistraiivaakog sem;nara,
odnosno predla:em pokretanje procedure odbrane naudnoistra:ivadkog seminara na temu
,,Realistic Video Sequences for Subjective eoE Analysis,,.

Uz ovajzahtjevu prilazem rad kandidata napisan u okviru naudnoistra:ivadkog semrnara I

objavljen na konferenciji ACM Multjmedia Systems Conference ([,4MSyS) dana 5.8.2022.
godine. Navedena konferenclja je na osnovu .Google Scholar Metric,, rangirana na 13.
mjestu u okviru Multimedia podkategotle.

Predlaze se slijede6i termin odbrane naudnoistraZivadkog semina"a: aelviak20.7.2023.
godine sa podetkom u 10:00 u prostoriji Samsung Lab Etektrotehnidkog fakulteta
Univerziteta u Sarajevu, a saietak rada za objavu na web stranicije kako slijedi:

Multimedijalni Nenos podataka preko interneta (uzivo i na zahtjev) je osnova modernog
interneta na koji se tro;i vi'e od 60%0 od ukupnog internet saobraeaja. U takvim ustovima,
pruianje kvalitelnog korisniikog iskustva je kljuian i izazovan zadatak. Za procjenu kvalitete
korisniikog iskustva (QoE - Quality of Experience) mnagi istraiivaii koriste subjektivnu
procjenu u kojima ueesnici gleclaju i ocjenjuju video zapise sa raznim sintetidki dodanim
vremenskim i prostornim oite1enjima. Za pomoe u premos1ivanju jaza izmedu mapiranja



abjektivtlih vicleo QoE metrika i stvarnog karisniikog iskuslva, inplenentirali sma
DashReStr"eamei, alat alvorenog kada, koju sluii za rekreiranje adaplivno preDoienih viclea
snimaka u stvarnim mreinim ,s/ovlma. DashReslreamer karisli vi(lea lagave keirane ocl
slrare HAS (HTTP Adaptive Streaming) algoritama koji rade u nekontrclisanam oktuienju
(lj. )iiane tlt beiiiic mreIe), te u njega spa'avaju inforrnacjje a svim vizuelntm ptotryeDa i
dagadajima zastoJa u jeclnam videa fajlu. Ovi video zapisi su primjenjivi za sLtbjektivtju
evaluaciu kvalitete zadovaljstva koisnika (QoE) simuliajLtCi realne ustave u mreZi. Korisle,i
a/at DashReSireamer, kreiali smo bazLt po(lataka otl 234 video zapisa, zasnovana na video
lagovima prikLtpljenim sa stvamih rnobilnih i beiiinih mreia. pored samih video zaptsa, ltas
skup podataka sa(lii ivideo logove sa svim odlukama koje je donosjo HAS algo tan krcz
vrijeme, kaa i lagove mreZe koji ilustruju distribuciu protoka kroz vrijeme VjerLuemo (ta ie
avaj skup podataka pomaCi drLtgim istruiivaiima u batjem hzumievanju uticala kvaliteta
zadovoljslva karisnika viclea sadiaja.

S postovanjem,

c. dr Darljo Raca



SAZETAK

Multimedijalni prenos podataka preko interneta (irZivo i na zahtjev) je osnova
modernog interneta na koji se troii viSe od 60% od uhupnog internet saob.adaja. U
takvim uslovima, pruZanje kvalitetnog korisnidkog iskustva.je l<ljudan i izazovan
zadatak. Za procjenu kvalitete korisniikog iskustva (QoE Quolit,v oJ lixperience)
rnnogi istraZivadi koriste subjektivnu procjenu u ko.iima udcsnici gledaju i
ocjenjuju video zapise sa raznim sintetidki dodanim vrcmensl<irn i plostornim
o5teienjima. Za pomo( u pretro5iivanju jaza iz:ntedu mapiranja objektivnih video
QoE n.retrika i stvamog kolisnidkog iskustva, implementirali srro DashReStreameq
alat otvorenog koda, koju sluZi za rel<leiranje adaptivno prenoienih video sni:r.raka
u stvamim mreZnim uslovima. DashRestreamer koristi video logove kreirane od
strane HAS (HTTP Adaptive Streaming) algoritarna koji rade u nekontr.olisanorr
okruZenju (ti. Ziiane ili beZidne n.rreZe), te u njega spaiavaju inforrnacije o svirr
vizuelnim promjena i dogadaj in.ra zastoja u jednom video 1aj1u. Ovi video zapisi su
primjenjivi za subjektivnu evaluaciju kvalitete zadovoljstva kolisnika (QoE)
simulirajuii realne uslove u mreZi. Koriste6i alat DashReStreamcr, kreirali smo
bazu podataka od 234 video zapisa, zasnovana na video logovima prikupljenim sa
stvarnih mobilnih i beZidnih mreZa. Pored samih video zapisa, na5 skup podataka
sadrZi i video Iogove sa svim odlukama koje je donosio HAS algor.itam kroz
vrijeme, kao i logove mreZe koji ilustluju distribuciju proloka kroz vr.ijerre.
Vjelujemo da ie ovaj skup podataka pomoii drugin.r istraZivadirna u boljem
razumijevanju uticaja kvaliteta zadovoljstva korisnika video sadr.i.aja.
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ABSTRACT
Multimedia sfteamnrg over the Inlernet (live and on demand) is
lhe cornerstone of modern lnteinet carying more than 607" ofall
lram.. With sD.h high denand, delivering oursranding user expe
rience is a crucial and challenSing iask. To evalnare userQlality
ofExpeie..e (QoE) m.n, res€arches delloy $rbjedive qxaliry

^sse$menk 
whereparricipants watch and ratevideos arrificially in

lused with various temporal and spatial inpairDents. To aid current
eftorts in bridging the gap between th. napping olobje.live rideo
QoE metlics to user.xperience, we develoled DashRestreamer, an
oleniource framework for re- creating a d.p tively streamed vldeo
in realnetwo.ks. DashRestreaner utilis€s alogcreated by a HTTP

^daptive 
strcambg (HAS) algoithm rnn in an unconlrcllcd envi

ronnent (i.e.. wned or wnele$ netwo*r, encoding vnual changes
and stallevents jn onevideo iile. Th.s€ videos are alplicable for
n,bj€clive QoE evaluation minicking reahslrc nerwork conditions.

To supplement DashReskeaner, we r€ .reate 234 reaiislic vldeo
clips, based on video logs collectedfron realmobile and wneks
networks. ln addition our dataset coniains borh video logs wilh
ali decnions made by the HAS algorith,nand nehvork bandividth
profile illustraung duoughlut dishibtrlion. We believe rhis darasel
and ftanework will p€rnit other rese.rchers in theirpu4uit for the
final froDtier in udestandi.g rhe impact ofvideo QoE dynamics.
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. Information systems + Multimedia streaming;. Networks
+ Public Inr€rnet: Wireless access networks

KEYWORDS

QoE, Darasel, Mobility, throughpul, conrcxt inlormation, adaprive
video streaming, 3G, 4G, WiIi

ACM Ref.re nce forrn. t:
Kerinr Ilodzic, r,lirsad Coso!1., sasa AI.Jovic,lasorl. Quinl"n, and Darijo
Rr.a.2022 Realisii. video S.quences forsDbj.crilc Qo! Analyis.In li.l
AC tt Munthedn stten: Canlerence (ttttsl! 22),l N l,t 17,2a22, Athlotu,
/alard  CNI, New Yort, NY, t,SA,6 pages.I(psr/doiorg/10 45/3524273.

{kerim.hodzic,mcoso!ic,srnrdovic}@etlDnsaba j quinlan@cs.ucc.ie

JasonJ. Quinlan
School ofComputer Science &

Informatior Technology,
Universily College Cork

Ir€land

1 INTRODUCTION
Inlts early days, the Inlernetrvas coDcejve.l lvrth thc ca forfasi

d reliable infolmalion sharin{ betwee. nany renrote usrrs. Snr.e
then, the Inter.et has transformed beyond basn e nDil .onnu
ni.ation, becoming one ofthc key pillars ol modern soriely rvlth
mtrltinedia entetainment at its heart. repr.seniinA the domnunt
t ?e oftramc cdrGd over today's Dehvorks.

Video slreaming depicts tbe main driver behind rnultnncdia
entertainnenl, accounting for almost 60% ofall InteiDet tramc in
2020. Furthermore.luelled by a recent pandemic outbre.k,lor.ng
People !o slay home,video lraJEc grew over the 1.st two y€ars, with
applicatio.s sDch as YouTube, Nelflix,Amazon Pr'me, Drsney+ and
Aplle+ doninating ovdall tramc share ll6l.

The populdily olvideo streaning services led to usor d.mand
for high QoEoldelivered conient. Bydefinition. QoE rcpresenrs the
magnitude olannoyance or the delght ola user s cxperience with
an alplicalion orservi.e [3]. However, neasuring and modelling
user QoE is challenging due to its subjective i riisic component
Tne.hallenee lies jn modellinAimpairmeDts that coDtriburc ro tolal
QoE score. These inpanhenrs include inirialdelay, sldllevents, av
erage guality, $vitching frequency, and video duralion II I ]. rnd g
an opllnal combination olthese inpairments ro mnp ro Qo! score
is not a tririal task. Common approach ,ndudes pc ornn$ subjec
tivestudiesdevisingwflghrsforeachof dr inrpanments [5, ll, r3].
MaDyada?tive algorithmsrely on these dernred QoE irodels. usnu
them as an objective function in designing adaptaiion logi. {23,241.
On th€ .etworks side, vendors usually rcly o. netvork .renics,
such a. ptkel lo.s dnJ ur ,.arionromipro'.e,OoE

The subjective evaluation ofQoE rcpresents. loundanon tor
better u.destanding and modelling uscrelperience les rludies
perform bod, subjeclive and obFdive QoE evaluation [5 7. rr, 18].
]b estinate $bje.tive experience. researcheB d€sign a few test
sequences containing video impairneDrs. Typicauy, thesr inpair-
ments de added artificially to lhevideo sequeDce [] l.221. HoNeler,
in literature there are many dalasels with bandwiddr naces col
lected in various mobile environmcnts under diferent wireless
lechnologies [10. 15], These datasets .an be used lor oblai.ing
oble.tive !eraohrance ot adaptation algorilhnx lncl!ding rate dis.
tribution, stall duration, and stall o..ulrence. cener.ting tcsl vrdco
scqucnccs based on realisticvideo logs complcneDt the current lit
erahtre on QoE. To thc bcst olour knowledge,lhere are no datas.k
generated bascd on real trafEc l atterns alailable to rhc research

,Nlotivated by lhis observatio., we offer a Aamsvorkfor creatnrq
video seq!encesbased on v eo logs collected either in real r.lvork
or based on realistn bxndwidth traces. Furlhcnnoro, we provide
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MMSys )r,lur r4 u, 20r?, Arhore, rerad

234 vidco seqtren.esbased on video logs analysed over dilTerent
ba.dwidth profiles.ollected from v iouswirele$ nehvorks [17].
video logs were Cenerated L,y HAS srreaDing algo hms unde!
bandwidth profiies fron difierent net\vorks, resultnrgin a realistic
snapshot olde.isions algorilhnN made, including birrare decisions
(giving us.ate di striburion) and srall evenh (nunbcr.nd durarion

In this paler, r,e present DashRestreamer ', a framework for
Se.erating t€st video sequences with encodedsrall andr.te chinges.
In addition to rhe framework, we provide e extcnsive daraset
containingvideo sequences .reated over 3O,4G and WtIi netwolks.
In total,234 video sequences vere gen€rated wih a dnnrion ol5
Dri.utes2. The dataset contains video logs and bandwidth traces
used for dE video sequence generarion. These video sequences are
suitable for subjective QoE evalution, md can 

^id 
ln th. betrer

xndenlandingofuserexperien.eindiferc.tsce.a os.Toihebest
ofour knowledge, onr QoE dataset n the fiBt publicly available
dataset tlat contaiDs video seqnence,logs, and bandwidth ba.es.

The remaindcr oflhis paper is orA ised as lollows. Secrion 2

dcs{ibes relaled work regarding sdilar datasets and QoE{elated
vidco neirics. The overview ud key fearues of proposed frame-
wo.l,dc' rt Linpd" re. lion i. wi ilp.e. t,on4!ro\rJr.\dr ovr-yew
of the dataset gener.led by DashRestreamer In Sectio. 5 we layont
idrue ko,A, wh'le re. 

'on 
o o-rline\ our !on--u,,o.

2 BACKGROUND AND RSLATED WORK
'1he main goai ofHAS algoitbrns is nraximising user perceived
QoE.lhis daunring raskrelies on a..Drare representarion ofsub-
jeclive imlad lhrough mapling objectiv. Qnality ofService (QoS)
melrics atclient sjde(e.9., nritialdelay, average bitrare. re bufrerjng
evenk, and switching freqxency)or mehics measured ar the net-
work such as utilisalion and pa.ket lo$ rale. Also, tbe majority
oflroposed H S algoriihms in literature lelies on QoE modek
to quanliiativcly comlare its perform ce to exisling stare oftle
dt HAS algorithds. FuiherDrore, QoE nodels expre$ed as linee
combination olimpaiiments (1), represenr a $itable candidate tor
designinga HAS algoritin rharmaximhes a given QoE model. A
typical approach nrhdes modelling the QoE model as the nrility
lnnction of the oplinhation problem [2,23,2a].

A lypical teDllate equation used fo! deriving QoE modeln Is,
r1,l3ll

QoEr = ),o QoEn l\ . L + eu. tt) + f (tt,I!), (1)

rvhere i relreseDls temporal inrpanment fado\.nd,r rep.ese.ts
its iveight Temporalqnalily impairnrents indicdte degradation d{r
to initial delay and stall performece (stallnnnber and stallduia-
tion). While initial delay has a hlnor nesarive effect on QoE (up
to 16 seconds), stall eve.ts have the highesr.egative jmla.t on
overall user.xperience [19]. I!, Dd ,r represent visual quatity
nnpanment factors and its weight, respectively

Average bitrare and swit.bing behaviour modelvisnal quaLiry
inpairments. Srmilar to stall performance, bitrate qualiry anplilude
has a significant enr€ct on QoE [8], unlike switching belween dif
lerent qnalities while relai.ingthe same resolulion {81, However,

r,.,t",g,,1,,1,..,,*.l,,..ro.ms*.*,

Mdov. J,soiJ qu ib ,a'd Dtrriro Rtr6

'{,,ching bptwepn d:llaen' ,"sol-.ror*, an rnflrpn,. "r.xp"r
en.e [1]. QoE,, depictsrhe maxihum (nritial) valuc Gcore) for QoE
or grolvtb fa.rordepending on theQoE nrodel, and,!b denotes a
weight for the QoEn score Some QoE models take into account
i_pdumpnr. \rlo,,ur.in'Llt3npou,) lnlhe...,"n'o" 18g.c
gate subje.tive enecr is not a dned sum of each iDrpanDrent [1r]
Therole offunction/(ir,1, is to.ompensate for tlis efeci.

However, these impairmenrs (i.e., metic, are mutualy con
tmdi.tory. High bitrate in.reases the chanc€ of bdler undernow
resulting install events, while streaDing at low bitrate 9ualty has
a s@ere negative impad on perceived lser experirncc.

To capiure Ue mapping between userperceived experence and
objecrive tuelrics, may srudies use snl,jective evalu,ri.n 'Il1is
€valxatio! relies on assessing video lnaliiy by participants nr a

controled lab envnonnrnr [4, ]1, r3,201. Each psrricipanl i.res
a video seqn€nce on a 100 point scale (denoted as R, where some
studies use 5 or 1o-point scale). The trccedrre is .cpeated for a

series oftest seqlences, Each test seqnence is embellished with
one oi more impai.ments. linally, fo! each tcst sequence andgive!
score P. rhe rmpri,m.nl , 'p..- is calcul"rpa 1 00 P

Subjedive evaluation n an expensive, t'me consunus ptoLLSs
perforned rvith a limited !umber of huna! subjecis (usu.t1y around
30)rcstricting the statistical validity ofcoUected resnlts. Aherna
tivel, soDre studies opt for a crowdLourclng alproach, whcrc a

large ntrmber ofusere raie video s.quences online )n an unco.
trolled envnonment [s, 9, 22].

The main chal€ngefor subjective evaluation is aug.rentation
of the test video scqrences with particular impairmcnk Typically,
these impatm€.tsare anincially.r.ated aDd added to virleo clips.
However, artificially created,Dpairments do nor nece$ari1y rellect
impairments obscrv.d i. real network conditions, eirher rheir lie-
quency (e.9., nunb€r of raie switches, nunb* of stalk). or dlnrion

There are a plelhora of bandwidth datasers collected in real
networks available in literature [10, 14, 1s]. These dalascts rcflecrs
real conditions obseN€d i! networks and .an be leveraged for
realisli. crcation oftenrporal and vnual nnpan,ne.h.

Motivaled by the lack ofvideo sequen.eswith the nnp.nmenrs
based on real n€hvork conditions, we desigDed a lool for crealing
video seqnenceswith inlairments .ollectcd from video sessions
collected over reahli. bandwidth ir!ces. we believe rhn dataset wrll
aid ino.going research to better understanding factors allednrg

3 DashRestreamerOVERVIF.W
DashResfeamer provides rhe functionality to reproduce netrvork
lmpa.l on video player pertornances by creating vldeo.lips nrclud
ing.ll resolDtron changes and re buffenng events. We achieve thr
lunctionality by utrlising vid.o logs generated by thc drcnt dnn.g
the origi.al stream olconrent i! an uncontrolled envno.metrt (1e,
real lroduction network).

Typically ihese logs indudevarious i.lormarion relaled ro HAS

QoS netrics (e.g., L,ltrate, svitches and stall informalion) To r\tr
trale, Table 1 depich an example ofa video log

Iron lhe DashRestreanrer perspective, thJce leatures.re ne.es
sary lor video clips generation. These features ar details oD:
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Rea isr . video seq!€nres for srhtedive aoEAna ysis

'rrble 1: saDdr outlnrr lioDr thc v co log

kbps

. Segment number

. Segm€nt bitrate: we nse rhis information ro select rhe sub-
rts of dowDloaded seghents duing playba.k (cxrently
DashReslream€r doesnot suppon byre range rrAS contenr).

. stall eveDts: we use stall €veDts (ocorrence ed duratior)
to add sialls (e.9., duplicating last frame ofsegment) at the
end ols.gments afected by re bxtrenng events.

3.1 Frameworklmplementation
We use the Pytbon programming language and IFmpegr I ibrary tor
the inplcmentatio. ol DashRestre.mer Fihpcgis a {o$ plarform
nultimedia framework for translorming (i.e., encoding, decoding,
transcoding, nua, demux, stream, aDd fih$)a wide mnge of media
lormak (video and image).

DashRestr€amer starts by paFing video log fil€, where used
b'lrares olrideo pghHnt" ,re ropntrheJ l-r tu'lhpr pro,es.nB
Two methods deused for thisproc*s:

. t"o.l replefls loC - r^kes four argunents (file t ath, index
column name, bitrate cohmn name, and type ofseparator,
e.9.. csv), paBes rhe 6le an(l ..turns the output as a hasjr
lunction (dicrionary) storing the bnrate tor each downtoad€d

. redd rr.lls /oC takes four argumenh andrerurns the posi-
tion and duratio! ofeach stall, lvhereposition is related to
segnrnl whe. the stallhalpen€d.

The next step includes ffltering a subset ofstreamed segme.ts.
Segments can De stor€d locally o. remotely on a web server tn
the lattcr case, an mld file is used for dowdoading lhe srreamed
segmenh from the serverto the loc.lmachine.

Three melhods are nsed aor th€ m ipulatjon ofthe streamed
kgncnts (lor the case ivhen segDenis e aheady storcd locally):

. cary initJilc takes two .rguoeDts, localioo ofinit mp,,
nle and destinalion vhere init rlevill be stored tor turrher

. .apy video egnons $.\copy 4!dio segre,rJ aremeth,
ods to' .op. ins lowrlo,ded ,"gm, r' . ror urhfl oro. c$., 8
Similar to.opy ,D it Jrlle medrod, rhese h.thods take hvo ar
guments. lher dcrhods rely on a di.tioDary fieated in the
previous step by the rz,d re, kv ls-los and read_stalls los

Stleamed segmeni number

Tihe taLen to receive the segnent

Relresentatjon Quality

MMsys 2?,1!ir r4

methods lor appropriate idennlicaiion ot skeamed segnients
and stall evenrs

lor the case when segments are directly dovnloaded irob a

web server, the sGipt us€s the location ofthe mpd (i.e., URL) to
ret.ieve onlythe strbsetof segments steamedin the vi.leo logs flris
procedule n sihilar to the behaviotrr of traditional IIAS ctient [21]
(without actual de.oding ofthe data). W€ use an exnring library
lor paBing mpd filesa.Thse are threemain methods lorprepding
the dara linking inthis srep:

. pa?re Dpd themethod lhar peses hpd 61es and slores u.ls
oI auoio ano \deo segmpnt. rnto r d.clronrry.

. downlaad ideo eCtuehts - takes two alguments.locarion
ofmpd file and destination folder,

. doenlaa.l_audia rcEnents sinilar lo lheprevious merhod,
nethod dorvnloads audio segments.

DashResl.eaner proceeds by combining segments \!ith nit 6lc
(originally segmenh are in m4s forma0. For lhs op arion we use

. !ft?are_lideo inn hkes two argunents, loc.tlon olvnlco
segments and i.it 6le,

. prcpare audia init- ptep&es axdio segmenrs similar to the
pr€vious nethod.

'Ihe oxtput ofthese Dethods e n*v audio and vidco scgments
(in avis and nla6 formai respedively) which can be ptaycd nlde
pendenlly. Next, we combine the individnal pairs ofaudio and vidco
segments, using lhe FFmpeg library. This operalion is perlor red
by method concat_oaiio lidco.tFnreg whnh takcs two arglmenrsl
locatioD ofsegnenls and flag indicaring shoutd *gment be rerated
to different resolntion.

We create a video sequence combning segmeDts includnrgall
bitrate/resohtion changes and stall eveDrs. lirst, we create stall
indu.ed s€gmenrs. for rhe ueation ofstall induced segnrents, we
take the stall durarion aDd rhe segnerrjusr before stall sr ts. We
take the last frame of the identified segment, and add them afihe
end ofsegnent for the duation olthe slall.Iinally, we.dd gi/ as

an overlay on top oflhe stall-induced segnenrs. After allsesmenls
.re prepared, wejoin theminto a flnalmlvvideo file. The preceding
logic is implenented i. method coh.ut audio-tideo_frnpc|_frndl.
This method takes thee arguments: location ofsegdcDls,localron
ofgifand desiination for final video.

3.2 Example ofUse
There de sveraloptions available to run DashRestreanrer, eilher
diredly through rhe command line or using a configurarion ole
lor coDmand lin€ use, Table 2 depi.ts lhe supported oprtons lor
running the fiamework.
Case *1: rbr segmcnt files slored locally, theconnnand onllined rn
L",i"g , p.odr..r 

",idn.
t t pythan 

'ideo 
log_nerE r.py path to taB tido loetog

r rep vl_.olRep Level
, seg index colChunk..lndcx
, og_separ:torrab

seEL,

lnesrg hlr,codetrp-.onvpyrhotr hF(dash

6r\laroski Muh,rcdia conrln.r

2.$
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Tablc 2: options tor runningQoE fianrwork

Parnmeter Desqiption
path-to log Locanon ofvideolog
rep-lvl col Columnnanre used invideo log for bilrate
seg index col Colunn name used in video log for segment

indPY

stall dur col Columname used in video log lor stalldura,

log-separalor Separator used lnvideo log (elanple: rab)

config path Location ofconfig file

path video Location ofvideo segments

path audio Location olaudio segm€nts

gil path rocation olgilfile
log location llag indicating location ofsegmenls (tocal or

remote)

desl-video Locationwhcretosaveinternediatefilesduring

Processins (segments)

final-path Location where final concated video is saved

parameier type Flag indicaii.g use ol.onmand hE argumenis
or conng file

cleanDp Flag indicating removal of internediate EIes

Gesnents)
J. ro , "h Op'rons lor en"bh B ,uto . dl.nL ot le8m-nl

resolution

xenm Hodri., Mnsad cosovi. sae Mrdovi.,lasoil Olidai. and Dai lo Ra.a

, -rep lvl-colRep-Level
3 seg-index colChunk lndex

i stall_dur_.olsrall Dur
6 --path-video.Aintel/DASH Files/fuli/
, dest-video "7lmp liley
. path_audio./sinleUDASH Files/audio/full/

i final palh /finau --paranet.r type palh
:' scae_resolutionl030P

Rescahng segments to predetermnred resolution

ListiDg 2: Exdple ofcrertingvideo with sanc rcsolDrion

Similar to Listing 1, wc recr€ate anoutput video.lip fronr rhe vrdeo
log fle, with the ditrere.ce that *e scal. each segnrent to a tuU
HD resolution. This optionis a.hieved by setting auto scalelo2
(rvhere we havethree suppotedvalues 0,r,2), and serting scal. res
to 1080p.

The DAsHReslreamer framework also $pports rhe use ol a

configuration file as input ro the plhon scripr. Listing3 illutrates
an example configuration file. Note thai all th€ nrput paramerers

e the same as the pardcteB usedfor the cohmandline nrpnr

pa.aneters = config
path to log = <path>

.eP-IvI column = R.p Level
chunk-index,colunn = Chunk lnder
stall dur_.olunn = Stall Dur

1og separator = t.b
path aldio - <path to audio seerenrs>
p.th video = <parh to video sesments>

dest video = <sh.re ro sav€/doyn1oad segnent5>
gif_path = <path to gif file>
final path . <where to save final video>
mpd path - <u.I for mpd file>

1og-Iocation = local

Listing 3i Examplc ofconfig file

4 QOE DAIASET O\'ERVIEW
This seclion gives a shoil overview of the datasel used lor geDeral
ing various vjdeo sequences in dlffercnt wireless.ondilions. The
majority oflhe video sequences contain at least one ie buflcrnril
event as those.ases are the most interesttugfor QoE modelling.

4.1 Video Logs Generation
we!r video logs geDerated byexperimentsin [17]roi rhercarion
of the video sequences. Th€ vid€o logs are gene.ated based on
bandwidth taces coll€cted lrom real operational neiworks Frgure I

illustrares a generahsed testbedused lorlroducin{ vdeo logs
Theteslbed consists ofa scrverma.hine, an int.rm.diate devrce,

e.g,wtrele$ Aces?oint (wAP) and onc or more wtrele$ .apable
end devi.es (i.e., nobilc device). The servernachine perlbrnx hvo
roles, one as web server for video content. and second as tralfic

i stall dur_.olsrall Dur
6 --path video./s nr.l/DAsH Fiteyfult/
, dest rideo /tmp ,lles/
I path_audio /sinrel/DAsH_Files/audio/Iu t/

--final palh./final/--parameter type palh

Listing 1: Example ofcreating v co from local segmcrts
'h.deprr.de\"' !,ernrnlrJrng I urrl',e. rhe.p"r \ounpn'or'.,
Sintel, filt€B segment qualities used by adaptarion algorirhn our.
lined by video log nle (video log.log 6le), re cr€.tesvideo sequence
adding slall evenk (with the re-bntreing image) and saves the
ontput to the folder 6nal. Thn commud letains native resolution
for each segmcnl causing a visual .hange in aspe.t ratio rvhen
s€sments ofthe video swit.h fr6m one resolLrtio. to:Dother

Alternatively, we.an nandate lhat all scgments h.ve rhe samc
ontput resolutio. through the option ofautoscaling. We snpporr
tvo typ.s ofautoscaling: s.alingtoih€ hrghesi resolulion obserred
in the log filc, or scaling to predetermined .esolL,tion given Lry
paramclcr s.dl. /.5. rh€ lislnrg 2 example shows how to.reare an
output video file with a fixed 1080p resolution lor all segnrents
Case #2: C.eatnrgvideo 6le wilh same predeternned resolution
r. dcpr. tPd r Lr,lrnc I

) t python ydea-loLn.rget py path-tb loE vilea LgbE

11,
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dulation. We select 27,25, and 26 video logs generated from 3G,4G,
and wili network tra.es, respectively. lable 5 depicrs vid.o QoS
metrlc statistics for lhe sele.ted loAs.

Tablc 4: Ladderforthe average encodin8r.rei and resotution

Bitrate Rcsolution
lollbps 3840x2160
2sMbps 3340x2160

l5Mbps 3840x2160

43Mbps 1r20x1080
3.8sMbps 1920x1080

3Mbps 1230x582

2 35Mbps 1280xs32

r.osllbps 640x292

375kbps 334x174

235kbps 320x146

Fi8ure 1:1he data driven generation testbed.

shaper tor link betveen scrver.nd inlermediale device. The rralllc
shapingprocednre ind!des the usc of traffi c shaping took Iike Linux
iraffi c control (tc) for enulation of diferenr bandwidth profi les fi oh
collected ba.dwidth logs. The nrle,nediate device connects ro the
end devne viaWiFicharnel. fiDally, theend device streams conlent
from the se.vervia a bortlenecklink creating the video tog after

A 4Kencoded animalion clip is used as thevideo.ontent slored
at the server The clip is encoded, usnrg rhe H.264/AVC.odec, inlo
thirteen bitrates (fron 23skbps ro 4OMbp, acros eighr resotulions.

For traffi. sh.!ing, bandwidth logs werc used from three dif-
ferent wircles technologies, 3c, 4c dd WiIi, including various
mobiliry palterns Grati., pedestrian, bus, ca. aDd trao). T.btc a
shows Nmmdy slalislics (average and stand d deviauon otmea
sured bandwidth) for these logs [17].

Table 3:Throughput st.tistics for colected b.ndwidth to8s

Video logs fron 3G nelwork traces have thc highest nnnbe. ol
stalls and staU du.ation followed by 4c and Witi network lraces
This result is intuitive as indi.ated by thronghput starisiics inTa
ble 3. ,Also, WiIi nehvork traces are mostly collected in a stari.
envnonment thus havirg the highest aver.ge throughplr.

5 FUTI]RE WORK
While our framework .urently ofelsamechaDism ro gcnerare an
adaptive video dataset, whichcan be used in subjedive testing or
similar research sexings, +?ically using a five point MOs scat€,
futurework will inchrde the calculatioo ofVideo Qu.tily t\,Ietrlcs
such asPSNR,SSIM,vMArandLl2o3 [13] forea.h geDerated clip
Creating ad.lirional (PIs rhrough whi.h video eoE and Network
QoS.m be determiled.

Furthermore Dashnestreamer curently only swpors th€ /irtt
pro6leofthe DASH standdd. Fnture work includes addrng $pporl
for remaining mpd profiles (i.c., main, li'e, onDeDrdrd, aDd byte
rdge)and otherH S datasets available in the lilerarure We also
plan on adding reahtic video clipsfor dilTerent HAS segment dura
tio.s to ourDataset, includi.g segmeDr du.ationsofberween 2 and
10 seconds, allowing fora muchrnlrer and dive6i6ed eoE r co

6 CONCLUSIONS
ln lhis paper, we prsent DashRestream.r. an olren sonr.. cross
platforn framewolk lor reprcducing adaltilely srreanred v co
from real operalioDal n€tworks. DashRestreamer allows re .reating
video clipswith all brtrate/qnality .hanges and stall evenrs cen
erared vnbo clips minric decisions made by I IAS adaptxrion algo
rlthDs,andlheselectedbitrates.hosennDderrealistr.rine vdyjng
condltions observed in lhe Detwork The framework urilises lnho
logs prodnced by IIAS adaptation algorithm to re create v'deo.Lps
Iurthennorewe generate 234 vld.o clips mimicking thc behavnnrr

13
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srrDdld D.yixriinr (Nhl)t
3C

4.2 Video Sequences Generarion
We utihevideo logs explained inlheprevious secrion,nd our pro
posed tool GeeSection 3) togenerate 234 vtdeo impaircd clils. tor
video content, we select tiree olen sourcc clips from [12] These
dips are Big BuckBunny (BBB)3.sinlele, and Tea6 otsteet(TOS)'0.
Big Bu.k Bunnyis an anination clipwith a duratioD ofll) minutes
and 34 secon.ls. The contcnt is composed ofanimatcd characrers
with a non intrlcate backgron.d. encoded w h a maximum 4I( res
olutionof3840x2160, at 6ofps. Sihilarly, Sintelis an anjmation clip
Nith a duration of 14 minutes and48 seconds. The content is com
los€d ofcompl€x aDinated cndadeN and sccnerx en.odcd wirh
a maximum 4K resolution of3840x2r60. at 24lps. Finally, Tears of
ste€l is a noyie alike clip eda.ccd with diSital visnal effects ot 12

minules and t4 seconds dnraho.. The content is composed otreal
actors and superlmposed di,tital elfects, en.oded with mdlmuD
4( resolntion ot384012l60, at 24fps

All clips are encoded in tlrirleen blrmtes and .ight dinerent
resolurions as depicred nr'r.ble 4 andsourced &on Ir2]. Atso, all
clips are encoded vith the soMd offive nrinutcs plus tolalstall

'1 ,r,, rr,.,a, r'r.,"1*-",.rl |' ,1tr m,'lo 1..,,+,,1,0

250

-r-r
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Table s: Average eos mctrics for selectcdvideo logs

Network Bitmte (Mbp,
3G 16
4G 5.3

wifi 6_3

Num. Switches Num. Stalls
19.6 3.4
18.8 0.96

12.5 0.7'7

53.9

14.3

1.95

(.)

ofvarious tlAS adaltation algorithms under rhree difterenr wne
le$ technologies (i.e..3C,4G, and WiFi), producinA a dalas€t wilh
realistic bitrate changes and stal events. We beI;ve lhis dataset
will help researchers i! b€tter un derst anding factors affecringuscr
experience to. HAS nullim€dia rechnologies, alding ih Dse inboth
objective and subjective QoE €valuation.
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