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NepiAnyn

Ta teleutala Xpovia umapxel auénuevn gpeuvnTiki Spaotnplotnta yupw amo to 3D Bivteo.
Onwg paivetal £xel ptacel n emoyr o6mou to 3D Bivieo Ba yivel évag cuvnBeg Tpomog Puyaywyiog HEow
™¢ TpLodlactatng tnAedpacn Kol Tng TpLodlactatng Kwdilkomoinong. Itov Xwpo TN mMANPodOopLKAG
vivovtal cuvexng mpoomnaBeleg emitevéng autol TOU 0TOXOU, O OTtoioC Urmopei va emtteuyOei povo péow
TNG CUVEXNG €PELVAG, KATL TO OTIOLO ETLSLWKETAL OTNV CUYKEKPLLEVH TITUXLOK.

Mo tnv emnitevén autol TOu OTOXOU, TPWTAPXIKA KATOVONONKE N SO TWV KWOLKOTIONUEVWY
OTEPEOCKOTILKWY akoAouBLwv, xpnotpomnolwvtag to npoturno H.264/MVC Format, evw mopdAnha £ywve
HeAETN Tou mpoturou tou RTP yia to H.264/MVC. 3TNV OUVEXELM KOTOOKEUAOTNKE €va epyaleio
onuoupyiag RTP makétwv (MVC MST RTP Packetizer) kdvovrag xprion O6Awv twv duvatwv Sopwv
woEAipwy doptiwv tou RTP yia to MVC Kat To avtiotowo epyaleio petatponrg twv RTP mokETwyv otny
opxLKn Kwdkomolnpévn akoAouBio (MVC MST RTP Depacketizer). TéEAog, ylo TV amootoAn kot tnv Andn
twv 3D 1} 2D akolouBlwyv kataokevdotnkav SUo emuthéov epyaieia (MVC MST UDP/IP Streamer - Client).

a tnv Kwdkomoinon - arnokwdLKomoinon TWV OTEPEOCKOTILKWY akoAouBLwy, xpnotuomnolonke
0 H.264/MVC KwSIKOMOINTAC - OIMOKWSLKOTONTAG avolktol Kwdka tng Nokia, 6mou ektdg twv AMwv
nipoopileTal yla TNV amootoAn Kal avarnapaywyn MVC akoAouBuwv amod HeAAOVIIKEG KIVNTEG CUOKEUEC
oL omoieg Ba KAvouv Xpron otepeooKOTIKWY 0Bovwv. Molo cuykekplpéva, ot MVC KwSIKOTIOLNUEVEG
akolouBieg petatpamnkov oe RTP makéta kot petaddOnkav péow UDP/IP , evw mapdAAnia
Xpnolonotionke o eEOMOLWTHG acuppATou Siktuou(Dummynet) yla v PeTABOAN TNG KATACTAONG TOU
Sctuou (amwAela makeTwy). TEAoG, £ylve AN Twv akoAouBlwv, amokwdikomoldnkav Kot cuykpiBnkav
LLE TA apXIKA video yla Tov uttoAoylopo twv PSNR, Overhead kat Tov aplOud twv oOAOKANPWTIKA XOUEVWY
TAQLOLWV.

Abstract

In recent years there is an increased activity and research on 3D video. It seems that the time
where the 3D video will become a standard way of entertainment through the 3D TV streaming has
arrived. In the area of information technology, continuing efforts are done in order this goal to be
achieved, but it can only be resolved through continuous research.

In order to meet this goal, the stereoscopic structure of coded bitstream H.264/MVC Format has
been studied. Particular emphasis was given on the standard of RTP for H.264/MVC. Afterwards, an RTP
packetizer has been developed (MVC MST RTP Packetizer) using all the RTP payload structures along with
the corresponding ‘MVC MST RTP Depacketizer’. Finishing, another two tools have been developed for
the transmission of 3D or 2D sequences (MVC MST UDP/IP Server - Client).

The Nokia MVC encoder - decoder has been used. Additionally, RTP packets are created through
coded sequences and transmitted via UDP / IP, using in parallel a network simulator “Dummynet” to
generate packet loss. Thereafter, the transmitted decoded video sequences are compared with the
original video sequences for the calculation of PSNR, and Overhead and the number of the lost frames.



Euxoapiotieg

H mepdtwon tng OUYKEKPLUEVNG MTUXLOKAG 6ev elval amoTéAeopa HOVO TNG TPOCWTIKNG LOU
epyooiag kot mpoomnaBelag aAAd Kal Tng cuvepyaoiag pou pe avBpwroug mou pe Bonbnoav Kal pe
oupBolAeucav aveAATWG.

Katapxnv BéAw va euxaplotiow tov kKabnyntn pou, K. Taco NTayloUkAQ, yla TNV oUVEXN, QUEDN ,
0oUOLOOTLKA KoL TTAVw ortd OAa sriotnpovikn kabodrnynon mou pou npocédepe. H kabBodriynon avtr sv
onotéAece HOVO KABOPLOTIKO TOPAYOoVTA yLa TV OAOKANPWON TNG MOPoUoaC MTUXLOKAG epyaciog ald
HoU Tpocedepe Ta £hpOSLA YLA TNV LETEMELTA TTOPELD LOU.

Euxoplotw Beppd TNV OLKOYEVELA LOU Kal Toug diloug pou yia tnv BonBela kat TNV otrnpLeEn mou
pou mapeiyav OAo oUTA TO XpovLa.
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KedaAaro 1o. Ewcaywyn

Ta tedevtaia xpovia UTtapxel peyahn €€€ALEN TOCO otV MoLOTNTA 000 KAl otnv petadoon Pivreo.
Exoupe SLEABeL amd TNV KAMOTE OVAAOYIKNG HeTAdoong XOUNARG avaAuong Bivteo otnv petadoon
vPnAng eukpivelag Bivteo (HD) péow IP [19]. H texvoloyia e€ehiooetal kal 6Aa Seixvouv mwe 0To APECO
MEAAOV Ba €xoupe TNV Suvatotnta va mapakoAouBole akopa kat and Kwntd thAédwva 3D Bivteo ta
omola Ba petadEépovral HEow EUPUIWVIKWY SIKTUWV.

H avadopd tou dpou «petddoaon 3D Bivteo» SnAwvel éva peydlo eVpog edappoywy 3D:

e 3D video streaming

e 3DTV

e 3D teleconference

e Free Viewpoint

e Telepresence nj Virtual Reality

To Multi-View Video Coding(MVC) €xeL amoktrosl tepdotio evlladépov npoodata. H opada Joint
Video (JVT) é€xeL mpoodata emnekteivel To mpotumno H.264 wote va elval os Béon va Slaxelplotel tnv
kwdikomoinon moAamwv oPewv (H.264 / MVC) [10],[3]. To H.264 / MVC TePLEXEL OPKETEG TEXVLKEC
BeAtiwong tng kwdlkomoinong Kot HelwWoNng TNG TTOAUTTAOKOTNTAG amokwdikomoinong evw mapdAAnAa
£XEL KANPOVOUAOEL KATOLoUG amd Toug pnxoviopoUg tou Scalable Video Coding H.264/SVC kat tou
Advance Video Coding H.264/AVC [15], [18].

Y& QUTAV TNV gpyacia, ektd¢ amod tnv anodotikdtnta tne kKwdikomoinong, weAetdral n anddoon Tou
H.264/MVC streaming umo SladopeTikég cuvOnkeg Siktuou (amwAsLa TTAkETWY), UTIO SLodopeTKA LeYEDN
makeéTwv (Maximum Transmission Unit(MTU)) kat umd Siadopetikd £idn maketonoinong (oplOpog
Network Abstraction Layer Units(NALUs) ava mAaiclo, Sopég woéAlpouv doptiou tou RTP). Ta
Sladopetikad €(6n maketomoinong cuykpiBnkav OXETIKA HE TO TAEOVAOMO TOV OTOIoOV €L0AYOUV, TIG
SuVaTOTNTEG MOU TIAPEXOULV yLla TNV Slaxeiplon AaBwv, tnv ladoon Aabwv Adyw eEaptnong Twv oPewv
KOl TEAOC OXETIKA E TO avTtAnmto QoS twv Stadopetikwv OPewy Bivteo.

H Ewkova 1 amelkovilel To GUVOALKO LOVTEAO TNG MOPOUCAC MTUXLOKAG. ALOPOPETIKEG KAUEPEG UTIO
SladopeTikég ywvieg ouvBétouv Pivteo moAamAwv OoPewv kot  Kwdikomowovvtal and tov MVC
kwdLkomouwntn tng nokia [10]. Emeita pe xprion tou RTP packetizer o omoio¢ KATAOKEUAOTNKE YLt TNV
OUYKEKPLUEVN TrTuxlakn, N MVC akolouBia petotpénetol oe RTP makéta KAvovTog xpnon piog amo tig
tpeic Stobéoueg Souég wdheuou doptiou mou opilovral amo to nmpdtumo tou RTP yia to MVC [4]. H RTP
OoKOAOUBIO OTNV OUVEXELD TIOKETAPETAL OO TOV OLOKOULOTA O OmMoioC KOTOOKEUAOTNKE Yyl TO
OUYKEKPLUEVO TIEPAOL KOl amooTENAETOL péow UDP/IP kavaAlwy. Ta maketa ta onoia Aapfdvovtal and
TOV XPNoTn £aVOUETOTPEMOVTOL O CUVEXOUEVN akoAouBia amd tnv epapuoyr TOU KOTAOKEUAOTNKE yLa
tov xpnotn, adaipovvtol ot RTP Headers kot n tpwodidotatn akolouBia amokwdikomolsital Kot
avamnopayetat. TENOG, KAvovTag Xpron Tou eopolwTtr) diktuou “Dummynet”[13], Siepeuvatal n pelwon
NG TOLOTNTOC TWV OTEPEOCKOTILKWY atKOAOUBLWYV OTav autd petadidovral o€ £va KOVAAL PE ATWAELEC.

Onwg amnetkoviletal , OAa ta epyaleia sival cuppatd pe tnv mponyolpevn texvoloyia H.264/AVC,
OTOTE €AV €vag XpNotng Sev SLABETEL KATAAANAN CUCKEUN yLO avamapoywyr tplodldotatou Bivteo Adyw
TEXVIKWVY XAPOKTNPLOTIKWY, OMw¢ 08ovn xwpi¢ Sduvatotnta 3D amodoong 1 UIKPOTEPO OmO TO
amoLTOUHEVO gUpog Lwvng, TOTE va €XEL TNV duvatotnta va KAvel AnPn povo tng Bacikng akoloudiag.
‘Emetta xpnotpomnowwvtag site évav H.264/AVC eite évav H.264/MVC anokwdikomownth va. eival os Béon
va tapakolouBnoel to Bivteo diodldotara.
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Ewova 1. Apxttektovikr) MVC ouotipatog

Ynapxouv SUo pnxaviopol oL omoiol umopoUlV va SnULOUPYNCOUV O £vav TAPATNPNTH TV
aioBnon tg PUBLONG oe éva tplodidotato meplBaiiov [1]. O MPWTOC UNXOVIOUOG Elval YWWOTOG WG
head-mounted display(HMD), n cuokeun tou omoiou tomoBeteital oTo KePAAL TAPEXOVTAC £Vl ULKPO
OTTIKO Tedio umpoota amod ta patia. Evw o deltepog pnyxaviopog eivat n xprnon 3D f auto stereoscopic
o0Bovwv ol omoleg eival o B€on va £xouv enidpacn og €va CUYKEKPLUEVO UIKPO TieSio ywvLwv B€aong Kot
ol oToieg avapévovtal Kal ota KwnTd. XTtov SeUTEPO HNXOVIOUO, O TOpATNENTNG eival oe Béon va
aAAagel Tnv ywvia B€aong tou otav npoomabel va St pia oknv amo pia GAAn onTikh ywvia cav va Atav
£€va GUGCLKO QVTIKEIUEVO KATL TO OTOL0 SEV TOPEXETOL KO OO TOV TIPWTO UNXAVIOUO.



Kedpalawo 20. Multiple View Coding

e autd to Kedpahalo avalvetat n MVC kwbdikomoinon KoBwg Kol Ta TIAEOVEKTAUATO KAl T
HELOVEKTAATA TNG OE ox€on Ue to H.264/AVC. EmutpdoBeta, avalletol n SopA TNC KWSOLIKOTIONUEVNG
okohouBiag (H.264 / MVC) , meplypddetal o tpdmog pe tov omoio yivetalr n evBuldkwon TNng
Kwdkomolnuévng mAnpodopiag oe NAL Units, to £i60¢ Twv MANPodopLwy TOU HImopouv va avtAnBouy
amd toug NAL Unit Headers kat teAikd avaAvovtal ol Tpomnot 81opbwong odaAudtwy LETAS00NG Tou
xpnotpomnotovvrat oto H.264/MVC.

To H.264/MVC eival Baolopévo oto mpoturo Annex H tng ITU-T Rec H.264 kat oto ISO/IEC 14496
Part 10 (MPEG4-10). Eival og oAU peydho Badpo opoto pe to H.264/SVC tdéoo amno danon popdrg 6co
KoL ano amoPn petradoong, evw KOAUTITEL €va TIOAU peyalo eUpog edappoywv 3D, OMwWG AUTEG OV
avadépBnkav mponyouuévwg . Moio ouykekplpéva, ol SUo molo cuvapmaotikeg edapuoyeg tou MVC
elvat to free viewpoint video (FVV) kal n €lKoviKr paypoTkotnta (telepresence or virtual reality) [10]. H
npwtn edappoyn eival os B€on va ipoodEpel TRV (Sla AettoupyLkotnTa N omola eivat yvwaotr) ano ta 3D
YPOdIKA TwV UTMOAOYLOTWY, OmMoU 0 XpHotng eivol oe Béon va Slohé€sl omowa OPn KoL OTMTIKO
ipocavatoAlopd BéAel oe pla omtikr oknvr Kal va £xel eAelBepn Swadpaotik mAonynon. Evw n
Seltepn sdappoyn petodépst otov avBpwro tnv Peudaicbnon otL Bpioketol os plo Stadopetikn
tomoBecia amd TNV MPAYUATLKA TOU . & OAEC QUTEC TIG edapUOYEC uTtapxouv Suo SladopeTikol TpoToL
amewkoviong  tplodldotatou Bivteo. Onwe amelkoviletat otnv  Ewkéva 2, elvat Suvatdv va
xpnotpomotnBet pla otepeookoriky 080vn n omoia eival wav va anodwoet 2 SladopeTikég OYELS,
OTIOTE N €lkOVa avtidapBavetal wg tplodlactatn, evw otnv Se0TEPN KAl TTOLO AOSOTIKY ATEIKOVLON, N
0006vn €xeL TRV SuvaTtoTNTA VO AMOSWOEL TIEPLOCOTEPES ATIO 2 OELG £TOL WOTE TO AVTIANTTO Bivieo otov
napatnenty va e€aptatal and tn B€on tou os oxéon Pe TNV 00ovn [10]. Itnv deltepn MepimTwon, o0
XPNotTnG €xeL TNV SuvatotnTa €AV KWhoel To KepAdAL Tou/Tng tote va SeL Tt Ppioketal miow amo éva
OPLOKEVO AVTIKELEVO.
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Ewkova 2. ZTeEpe0OKOTIKN amelkovion £vavtt MoAAamArg 3D ansikoviong

2.1. H.264/MVC Kwéikoroinon

Z€ QUTAV TNV EVOTNTO AVOAUETOL O TPOTIOG LIE TOV OTIOLO YIVETAL N KwdLkomoinan mMoAAamAWY OPewv
Kavovtog xprion tou H.264/MVC kaBwg emiong Kot oL pnxaviopol ot omoiot kKAnpovourdnkav amno Toug
nipoyovoug tou H.264/AVC kat H.264/SVC.

310 H.264/MVC, Adyw twv moAAamAwv 0wy, n petadoon tplodldotatwv okohouBuwy Baoiletat
otnv oupnieon, adol o dykog twv dedopévwy auvfavetal Spapatikd Kabwe avfdvetal o aplOuog twv
Sladopetikwv OYPewv [1]. Adyw evoc emumAéov Aeovacpol o onoiog ovopdletal view redundancy, to



H.264/MVC napéxet udnAdtepn avaloyia cuprmieong amd to H.264/AVC. Auto emituyydvetot SLotL ot
Tploblactarteg akoAouBieg Snuloupyouvtal amod SladopETIKES KALEPEC OL OTOLEC Elval TOTOBETNUEVEG OE
Sladopetikeg Oaelg uTo SLadopeTikéG Yywviee, omdte ival §U0 SLadopPETIKEG AvATTAPACTACELS TNC BLAC
oknvA¢ [10]. Mua amo TG ev Aoyw oPelg kwdikomoleital aveédptnta (Baowkn odn) kot eivat Boaclopévn
oto H.264 / AVC onwg meplypddetol oto Annex A tou H.264. AvtiBeta, ol urtolourneg 6P elg ovopalovrot
pun-Baoikéc kat Baoilovratl oto H.264/MVC, evw kwdlkomololvtol eEApTWHEVEG HOVO amd TV Baotkn
oyn (predicted view) i oe cuvduaouo tng Baotkn oPng pe pla pn Baown oyn (Bi-predicted view). MNa
™V anokwdikomoinon Twv pn Baockwv oPewv Ba mpémel va yivel mpoBAePn twv pixels Toug (interview
prediction), omote n Umapén OAwv Twv dYPewv amo Tig onoleg efaptatal n kabe un Baoiwkr odn eivat
avaykaia [4]. Autn n emUTA£0V GUCXETION METAED TwV OPewV, €L8IKA OTAV 0 apLOUOC TwV SLadopETIKWY
oewv eilval peydhog, amoattel €vav aplBpd PvAUNG TPOOWPLVNG amoBrnkeuong o omoiog elval
QTayopPEUTIKOC. MNa va erutevyBel auth n mpoBAedn, Ba mpemel va yivetal owotr) dlaxeiplon tTng LvRUNg
TWV TPOCWPLVA amoBNKEUUEVWY ATMOKWSLKOTIOLNUEVWY ELKOVWV. ITto H.264/ MVC, ektdg amo thyv inter-
view TpoBAsdn , cuveyilovtal va xpnotuomnolovvral ta epyalsia tou H.264/AVC.

310 mpotumo H.264/MVC  kAnpovopeital n xpovik kKAwwdakwon (Temporal Scalability) omd to
H.264/SVC evw mapdaAAnAa slodyetal n kKAlpakwaon opng (View Scalability). H kKAipdkwon oyng pmopel
va xpnotuomnotnBel mopdAAnAa e TNV XPOVLKA KALLAKWON £TOL WOTE VO UTIAPXEL TPOCAPoY avaloya
LLE TLG TPOTLUNOELG TOU XPHOTN, TO UPOG SIKTUOU TOU Kal TNV TTOAUTIAOKOTNTA TOU amokwdikomointn [4].
‘Eva mapadelypa Kot Twv dU0 KALLOKWOEWY amelkovileTal oto Kepahatlo 2.2 otnv Elkova 4, 6mou Kkabe
umocUvoAo kdBe oPng umopel va Staxwpiletatl evkoAa amod oAdkAnpn tnv akoAouBia , &ivovtag tnv
Suvatotnta otov §€KTN, KAvoVTag XpHon tne idlag kwdikomolnuévng akoAouBiag, avaloya He Tnv 06ovn
KOlL TOV aOKWOLKOTOLNTH Ttou SLABETEL, va avamapayel Tov aplBpd Twv oPewv Kat tov pubuod mAatciwy
mou BO€AeL kot prmopel. Mapadelypatog xapv, €dv €vog SLOKOULOTHG HETOSIOeL pia KwOLKOTOLNUEVN
akoAouBia 32 oPewv Kal 6 SEKTNG EXEL OTEPEOOKOTILKY) 080VN, TOTE va Sidetal n SuvatotnTa oTov SEKTN
va AGBeL ,vo amoKwSIKOTIOLROEL KOL VO OVATTAPAYEL LOVO TLG 2 OPELG oTov puBuO mAalciwy ou BEAeL Kall
puriopel . H kApdkwon ong €matée kaboplotikd pdho otnv cupPatotnta tou H.264/MVC pe 1o
H.264/AVC. Akdépa ot cuvnOiopéveg 0Bdvee mou avamapdyouv Slobldotato Bivteo xpnotponotlovvtol
EUPEWG, OTIATE €AV £vag amokwdikomolntig H.264/AVC AG&BeL pia MVC akohouBia tote eival os Bon va
Xpnolwgomotnoel pévo tnv Paocik) oPn Kal va amokwdikomolnoel pia 2D avoamapdotacn Kal va
amoppiPel ta umtoAouta SeSopéva .

Mia Baowkny Soun tou MVC n omoia ekpetalevetal Kal TNV inter-view npoPAedn aAAd Kat Thv
LEPOPXLKA XPOVIKA KAWMAKWON avamoplotatol otnv Ewkova 3 . MNa  kabs oYn yxpnowuomoleital pio
OPXLTEKTOVLKA TIPOPAEPNC N OTtolO XPNOLUOTIOLEL LEPAPXIKES EIKOVEG B. KaBe 0N e apTLOo avayvwpeLoTIKO
oyng (view_id) €xel tnv mponyolpevn aptio oPn ocav €wkova eédptnong, evw pia oPn pe TePLTTO
avayvwploTiko oyng(view_id) £xel Tnv mponyoUEeVn Kal TNV EMOUEVN apTla 0Yn oav ekova e€aptnonc.
KaBe opada swkovwv(GOP) mepiéxel pia ewkdva avadopadg (anchor f I-Frame) n omoia pmopsl va
amokwdikomotnBet povn tne. Na va anokwdikomotnBolv oL UTIOAOLTTEG €LKOVECG Tou 8lou GOP mpémel
pWTO Vo €Xouv amokwdikomolnBel ta mponyolueva mAaiola [1].

Ewova 3. MapdAAnAn xprion inter-view npoBAePNG Kal LEPAPXLKAG XPOVIKAG KALLAKWONG



2.2. Mpéturno H.264/MVC

Je autAv v evotnta avahletal n doun tg pong Twv bit cuudwva pe to mpotumo H.264/MVC,
nieplypddovtat ol TUmot Twv NAL povadwv kat twv NALU Headers mou xpnotpomnolouvral , evw eniong,
avaAlovtal ol opol: Sequence Parameter Set , Picture Parameter Set, Supplemental Enhancement
Information, Access Unit.

2.2.1. Network Abstraction Layer (NAL) & Video Coding Layer (VCL)

210 H.264/MVC ta Video Coding Layer kot Network Abstraction Layer Units kAnpovoundnkav amno
to H.264/AVC [4]. To VCL mepléxel tnv Aewtoupyio tng emefepyaciag Tou oApatog kabwg emiong kol
Sladopoug pnNYovIoUoUG oL omoiol mapéxouv TNV TOAU uyPnAn ouumieon Tou H.264/MVC
(uetaoxnuatiopo, kPavtiopd, mpoPAedn kivnong, mpdPAedn svdo-otpwpatog (inter-layer prediction)).
To NAL Units ywpilovtot oe VCL NAL Units kot non-VCL NAL Units [1]. Eva VCL NAL Unit meptéyet
Sebopéva Ta omolo avamapLoTOUV TIG TLHEG TwV SElYUATWY Twv MAdLciwy Tou video, evw ta non-VCL NAL
Units rtepléxouv omotadnmote aAn mAnpodopia MPEMEL va TTePLEXEL N KWSKOTOLNUEVN akoAouBia, Omtwg
To parameter set , to Supplemental Enhancement Information NAL Unit f; kol KAmoleg emumAéov
CUUMANPWHUATIKEG TIAnpodopieg PBeAtiwong evog mAaloiou. Omdte KABe tepdylo (slice) to omolo
napaystal amno to VCL, evBulakwvetal og €va f meplocotepa VCL NAL Units.

H evBuAdkwon tng kwdikomolnuévng akoAouBiag oe NAL Units yivetal pe tnv xprion twv NAL Unit
Headers. Ot NALU headers glodyovtat mavta npv 10 wdEAo doptio Kal unodelkvUouv Tov TUTIO ToU
NAL Unit. 1o MVC, onwg €xouie €idn mpoavadepel, n facikr oPn KwdIKoMoLElTaL aveEapTnTa Kal gival
cupBartn pe to H.264/AVC, omndte ol KwdlKomolnpéveg mAnpodopieg Tng elkovag evOulakwvovtat og VCL
NAL Units kdvovtag xprion tou H.264/AVC NAL Unit Header (1 byte). O ev Aoyw header meplypadetat
EKTOC TWV GAAWV oto TtpoTuTto Tou RTP yia to H.264/AVC [5].

Ma tnv eVvOBUAAKWON TWV MANPODOPLWY TWV KN-BACIKWY OPEWV 0 KWOLKOTIONUEVA TEUAXLA EXEL
eloaxBel évag véog tumo¢ NALU Header. To ovopa tou ev Aoyw NALU Header eival ‘tepdyio tng
npoéktacng MVC (coded slice of MVC extension) (4 byte) [4]. EmumAéov, KAMOLEG BLOTNTEG OMWG OL
Xpovikee otaBuec(temporal level) ol omoieg 6ev dnAwvovtat oto H.264/AVC, kablotolv avaykaia tnv
gloaywyn evog akopa véou NALU Header pe to ovopa Prefix NAL Unit Header (4 bytes) [4], o omoiog
opiletat kat oto SVC[6]. Evacg Prefix NALU Header mponysitat rdvta tou H.264/AVC NALU Header (base
view) kat tou coded slice of MVC extension(non base view) kal mepléxel ouoLwdNG XOPAKTNPLOTIKA TWV
mAatolwv . MNa tnv dnuoupyia autwyv Twyv dUo VEwv TUTIwV NAL povadwv, to MVC npoekteivel To evog-
byte H.264/AVC NAL Unit header og akopa 3 bytes, amoteAoUpevo dnhadn and 4 bytes cuvohwd. Otav
pioe MVC porp amd bit mepiéxel kat tic véeg NAL povadec kal sloaxPst os évav H.264/AVC
amokwdLkomont tote autég Ba ayvonBouv kat Ba amokwdikomownBolv povo ta NALUs ta omola
opilovtat oto mpotuTo H.264/AVC, £xovtag we anotéAsopa £va Stoditdotarto Bivteo.

O Nivakag i mepypddeLtnv doun tou H.264/AVC NAL Unit Header o omoioc:

1. evBulakwvel ta NALUs tnv Baotkng oPng

2. Xpnolgomoleltal w¢ to mpwto byte yla thv evBuldkwon Twv pn Boaoclkwv oPewv PECW TOU
“coded slice of MVC extension”

3. xpnowuomoleital w¢ To mpwto byte tou “prefix NALU Header”

3TNV cuvéxela avaluetal n mAnpodopia mou apexel to Kabe medio.

Mivakog i. H.264/AVC NAL Unit Header

1,2/3/4 5/6 78

Fi{ NRI Type




F: 1 bit
Forbitten_Zero_Bit: AéxetatL tnv Tiun 0 1 1. Eav eival 1 tote unmodelkvuel otL to NAL Unit lowg va mepléxet
napafiacn tng cuvtaéng n Adbog ota bit tou wdéAlpou poptiou Tou.

NRI: 2 bits

NAL _Ref Idc: To mebdio autd opilet edv to NAL Unit To omoio akoAouBel ypnoldomoleital yla
OVOKATAOKEUN TwV €lkOVWY avadopdc oe UeAAOVTIKEG TpoPAEPelg. Edv n T tou mediou eival 00
(binary) tote 6ev eival avaykaia n anokwdikonoinon tou NAL Unit ondte pmopel kol va amnoppidtei
XWPLG va UTtApxeL PLOKO OKEPALOTNTOC TWV ELKOVWV avadopdg otnyv idta 6YPn. Mia TR peyaAutepn tou
00 untoSnAwVeL OTL UTIAPXEL AVAYKALOTNTA amOKWALIKOTOLNoNG Tou ouykekplpévou NAL Unit site emeldn
XPELAlETOL Yla TNV SLATAPNON TNG OKEPALOTNTAG TWV €IKOVWY avadopds tng dlag oPng eite eneldn
TIEPLEXEL KATIOLO OUVOAO TtapAUETpWY. H peyalUtepn Suvartr) Tt tou eivat n 11, akoAouBoupevn amo
v 10 kat énetta and tnv 01 kot teAkd and tnv 00 n onola sival kat n uikpotepn[5].

Type: 5 bits

NAL_Unit_type: Auth n ouviotwoa opilel Tov tumo tou NAL Unit. Bdon mpotumou, v n Tun sival 1
(non-IDR) i 5 (IDR) tote to NALU evBulakwvel woEApo doptio tng Baowkng opng (base view) [5] to
omolo avadeépetal oto maAald SPS (Sequence Parameter Set) tumou 7 [15]. Edv n Twun tou eival 14 tote
eival évag Prefix NAL Unit Header , evw eav eival 20 tote ival évag coded slice of mvc extension [4],
enmonpaivovrag ott evBulakwvetal wdéAlpo doptio TG pn-pacikic oPng to omoio avadEpetal oto
Kawvoupylo SPS (Subset Sequence Paramer Set) tumou 15 [6].  Ztoug Suo teleutaiouc tumoug
akoAouBouv tpia bytes Ta omoia avanaplotwvtol otov MNivaka ii Kot avoAUovtol TapoKATw eVw To SPS
avaAvetal otnv Evotnta 2.2.2.

NMivakoag ii. Enéktaon tov H.264/AVC NAL Unit Header (3 Bytes)

01 2/3/a/5/6/7fof1i2/3{ais5i6 7o 1234516 |7
VID TID Alv o

R: 1 bit
Reserverd_One_bit: Bit To omoio adrvetal wote va xpnoLlomnolnBel and PeANOVIIKEG EMEKTAOELG. H TLUN
TOU TIPEMEL va lval povipa 1 Kot va ayvoeitot amtol ¢ amoKwSIKOMOLNTEG.

I: 1 bit

Idr_flag: Bit to omoio edv oplotel kaBopilet 6Tt To NAL Unit eivol pia otyptaio anokwdikomnoinon
avavéwong oPng (IDR). Ot IDR ekoveg Twv pn-Bacikwv ovopalovral view-IDR(V-IDR ) kat €xouv tnv
Sduvatotnta va Bacilovtal oe AAeG elKOVEG (0TO 1810 onpeio mpdoPfacng) amd aAAeg OPelg HEow inter-
view mpoPAedng. O dykog tng mAnpodopiag Twv IDR fj V-IDR ewkovwy Ba elval peyaAutepog, evw Ba
TPETEL VA TOUG TIOPEXETAL LEYAAUTEPN Tipootacia. TEAOC, oL otyplaieg IDR  €lkdveg Asltoupyolv wg
onueia Tuyalag mpoomélaong.

PRID: 6 bits

Priority_id: Autn n onuaio kaBopilel Eéva avayvwploTikd mpotepalotntag tou NAL Unit. Oco pikpotepn
glval n TN Tou T600 peyalUTtepn TpotepaldTNTA £XEL. MTopel va xpnolpomnotnBel yla tTnv KaAuTtepn
npootacio Twv onuavtikotepwyv NAL Units péow aiyopiBuwy 510pbwong opaipdtwv.

VID: 10 bits
View_id: Autd 10 xpriolo medio kabopilel To avayvwplotikd tng oYng omou avhkel tTo NAL Unit.
Xpnotuoroleital mapdAAnAa pe to temporal_id yia tnv e€aywyr Kal mpocappoyr tTng pong Twv bit.

TID: 3 bits
Temporal_id: KaBopileL tnv xpovikn Lepapyio otpwpatog. Ooo Uikpotepn €ival n T tou temporal_id
TOOO XapnAotepog sival o pubuog mhatoiwv. Ot KwSLKOTOLNUEVEG €LKOVEC HE unAotepo temporal id




TUTIKA €€QPTWVTAL A0 QUTEC KE XOUNAOTEPN TN Tou temporal_id péoa otnv idta 6Yn, aAAd moté dev
€apTWVTOL OO KWOLKOTIONUEVEG ELKOVEC e uNnAOTEPO temporal_id.

A: 1 bit

Anchor_pic flag: Htwn 1 kaBopilel 6tL to NAL Unit mtepiéxel pia anchor ewova. Ot anchor gikdveg sivat
0AOKANPEC £lKOVEC oL omoieg bev xpeldletol va poBAEPOUV KATOLO TLUA TOUG armo Karmola GAAN ewkéva,
OMOTE UropouV va xpnotpomnotnBolv cav onpeia tuyalog npoomnélaong.

V: 1 bit
Inter_View_Flag: Auti n onuaio kaBopilel 6tL 1o whéAo doptio mou akoAouBel xpnolponoleital yla
inter-view mpoPAen étav n T tou gival 1 aAwg sival O.

0: 1 bits
Reserved_One_Bit: Bit To omolo adrvetal wote va Xxpnolponolndel and PeANOVTIKEG EMEKTACELG. H Tiun
TOU TIPEMEL va lval povipa 1 Kot ayvoeital antol anmokwdIKOMOoLNTEC.

JTov Tivaka iii ylvetal avamapdotacn tTwv Baoikwyv Tunwv Twv NALU [15]. Ot tunmou ol omoiot
Sev €xouv Eava-avadepOel avalvovtal mapakdtw otnv (Sla evotnta.

Nivakag iii . NAL Unit TOmot

Nal_Unit_Type (Dec) Content of NAL Unit

1 Coded slice of a non-IDR picture
5 Coded slice of an IDR picture
6 Supplemental enhancement information (SEI)
7 Sequence parameter set
8
9

Picture parameter set
Access unit delimiter

10 End of sequence

11 End of stream

12 Filler data

14 Prefix NAL Unit Header

15 Subset Sequence Paramer Set
20 coded slice of mvc extension

2TNV OUVEXELA eEETATETAL O TPOTIOC LE TOV oTolov aAGlovTtag TI¢ TIUEG TwV Mediwv twv NALU Header
propolpe va metuxoupe Sladopeg KALHakwoel. H Ewova 4 amelkovilel Suo mapadelypata oe
avaBéoelg TiHwv tou priority_id [1], Ta omola anodidouv dU0 SladopETIKA MPOCAPUOCTIKA LOVOTIATLA
™¢ idlag MVC pong Sedopévwy, n omola meplexel tpeig SadopeTikég oPelg kat tpla StadopeTikd
XPOVIKA €Timeda. ITo MapakATw Tapddelypa pia mold «€fumvn» ulomoinon Ba Atav n  moapdAAnAn
xpnon twv nediwv priority_id, view_id, and temporal_id wote va mapéxetat peyaAlTepn MPOCAPLOY.

2T0 MPpWTO MAPASELyUQ,

> To priority_id, ywa 7.5 fps kat e€aywyn tng Bacikng oyng opiletal pe tnv tun O.
> To priority_id, ywa 15 fps kat e€aywyrny SUo oPewv opiletatl pe Tnv T 1.
» To priority_id, ywa 30 fps kat e€aywyrny 0o 6YPewv opiletal e TNV TN 2.
» To priority_id, yta 30 fps kat e€oywyn tplwv 0Pewv opiletal pe TNV TN 3.
e 310 beUTEpO mapadelyua

>  OL 800 MpwteC avab£oELC TUUWYV Kal N TEAEUTALA ELVOL TTOPOUOLA LLE TO TIPWTO TTAPASELY QL.
> Ytnv tétaptn avabeon TG tou priority id, n TR 2 £xel w¢ amotéAsopa TNV eéaywyn TPLWV
opewv og xapnAdtepo puBuo6 mAatciwy (15 fps).
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T: Temporal_id || V: View_id || P: Priority_id

Ewova 4. AvaBeon tiuwv tou priority_id og bitstream 3 0P ewv pe tpia enineda Xpovikng KALHAKwWoNG.

2.2.2. Parameter Set

M Baowk ¢ocodia Tou H.264 elvat n  dnuoupylad  QUTOSUVOUWYV  TIOKETWV
£T0L WOTE oL punxaviopol onwe o header duplication tou RFC 2429 1} o Header Extension Code(HEC) tou
MPEG-4 va kaBlotolv mepirtol [5]. Autod emuteuxBnke amoouvdéovtag ekeiveg TG MAnpodopieg ol
OToleC ATOV KOLVEC YLa TIEPLOCOTEPQA OO Eval TePAXLA (slices) amd Tnv por] MOAUPECWY EMLTUYXAVOVTAG
napdAnAa vPnAotepn ocupmieon. Autég oL ulnAotepou oTpwuatog TAnpodopiec Ba mpémel va
otéAvovtal Ue aflomioTia , aouyypova Kat Tipwv n RTP por) makétwv mou mepLEXeL Ta ouvadn Tepayla
ueTadoBel . H amootoAn autwv twv MAnpodoplwv Unopel va yivel gite evtdg Tou dlou kavaAol (in-
band), €dav oL edapuoyég dev meplEXOUV ETMUMAEOV KOVAAL pETadOpPAS, €lte UE TNV Xpron €emMUTAEov
kavaAloU (out-of-band), kavovtag xprion tou control protocol. Autdc o cuvbuacpodg vPnAdtepou
OTPWUOTOG TAPAUETPWY OVOUATETOL CUVOAO TapAUETPWY (parameter set) [1] . To npdtumo H.264 opilel
U0 ekboxEG Tou parameter set: “Sequence Parameter Set” (Nal_Unit_Type=7) kol”Picture Parameter Set”
(Nal_Unit_Type=8). Mia evepyn akoAouBia cuvolou mapapétpwy (SPS) mapapével apetaBAntn kad’ oAn
TV KwdlKomolnpévn akoAouBia, evw pila evepyn EelkOVa ouvolou mopapétpwv (PPS) mapapével
OUETABANTN €VTOC pHiag KwoLKomolnNUEVNC lkovag. Kal ta 600 cUvola MOpAPETPWY TIEPLEXOUV SOUEG OL
orolec mepléxouv mMAnpodopisg Omwes to PEyeOoC TIC EIKOVAC, TIPOALPETIKEG AELTOUPYIEG KWLKOTIOlNONG
TIou Xpnotpomolovuvtol kat ta  “macroblock to slice group map” . Ta vo umdpxet duvatotnta va
oAayBoUv oL TWEG TOU GUVOAOU TWV TIAPAUETPWY XWPIC va Xpeldletol vo EavaoTEAVOVTOL CUVEXELD
EVNUEPWOEL;, O KWOEIKOTOWNTAC KAl O OIMOKWSIKOMOWNTAG UMopoUv va Slatnpouv pia Alota amd
TIEPLOCOTEPA ATTO £VA GUVOAQ TTAPAUETPWV.

210 MVC, n Baotkn akoAouBia cuvexilel va xpnoluomnoliel To “noiatd SPS” (Nal_Unit_Type=7) evw ol
pn Baoweég akohouBieg xpnolomnolouv éva véo subset tou SPS pe NALU tumo (oo pe (Nal_Unit_Type=15)
[5]. To Subset Tou SPS cuveyilel va mepléxel To «mahald» SPS aAld meplExel katl to SPS MVC Extension
[16]. OLTpeic molo onuavtikeg mMAnpodopieg oL omolieg divovtat amod To SPS extension sival:

> Avayvwpion oYn¢ - meplEXel Tov oplOpd twv Sladopetikwv OPewv Kal v Alota Ttwv
OVaYVWPLOTIKWV TwV 0P ewv (View_id).

> NAnpodopicg e€aptnong OPewv — amoteAel Lo oslpd and cAUATA To onoia UTOSEKVUOUY ToV
0plBUd Twv inter-view elovVwWY avadopds. Zexwploteg mAnpodopleg e€aptnong oPewv mapExovral
YLOL TLG ELKOVECG « AYKUPEG» KL TG UTIOAOUTEG ELKOVEG YLA TNV Ttapo)r| eveAlEiog katd tnv mpoBAedn.

> 'Evéelgn smunmédwv yla ta onpeia Aswtoupyiag — H £€vdelln ermumédwv eival évag deiktng twv

QOLTNOEWY OE TOPOUC (YLa TOV QIOKWHELIKOMOLNTH) TToU £XEL OXEON LE £VA CUYKEKPLUEVO eminedo
(onueio Aettoupylag) [16].



Avadoplkad, o 6pog onueio Aettoupylag (operation point) avadépetal os €va onueio tou bitstream
TO OTOl0 AVATIAPLOTA VA GUYKEKPLUEVO ETIMESO XPOVIKNG KALLAKWONG Kol KALAKwong opng. Mepléxet
povo ekeiva ta NALUs ta omola sival avaykaio ylo Thv avamapoywyr €vog BIVTEO UE OUYKEKPLUEVEG
oeLg oe ouykekpLévo pubuod mhatoiwy [4].

O kaBe header evog tepayxiou mepléxel pia «kwdwkn» A£En n omoia mpoodlopilel molo cuvolo
TMAPAUETPWY TNG AloTag mpémel va xpnotponolnBel. Autdg o Staxwplopog Sivel tnv duvatotnta ota
tepayia ( slices) twv dladopetikwy 6Pewv va xpnoomnolouv ite ta iSta SPS - PPS eite dladopetika [4].
TéNog, o KwdikomotntAg Ba mpemel va B£tel tnv T tou NRI mediou tou H.264/AVC header twv SPS pe
v T 11 (bin) emwonuaivovtag tnv avaykoaldtnta amokwdikonoinong twv NALUs tou SPS [5].

2.2.3. Supplemental enhancement information (SEI)

T edbappoyEg MOAAMAWY OYPewv, €KTOC amd Ta CUVOAX TOPAPETPpwY, Yivetal xpnon SEI
(Supplemental enhancement information ) pnvuopdatwv [16]. Ta SEl  pnvOpoata  mapéyouv
CUMIMANpwHATIKA TTAnpodopia n omola Sev xpnowdomnoleital eviog tng dtadikaoiag anokwdikonoinong
(Baon mpotUmou) plag Kwdlkomolnpévng elkovag. H xpnon SEl pnvupdtwv pmopel va pnv eival
anapaitntn i KatdAAnAn o kanowa MVC cuothiuara.

310 H.264/MVC kAnpovopouvtal ta SEI pnvopata ta omoia opilovtat oto H.264/MPEG-4 AVC, evw
napaAnAa opilovtal apketd véa SEI unvouata.

Ytnv ouveyxeta Sidetal pia cvvtopn mepiAndn twv SEI pnvupdtwy:
» Parallel decoding information SEI message

YrodelkvUeL OTL oL OYELG EVOC onueiou mpooméhaong eival KwSOIKOTOLNUEVEG KATA TETOLO
TPOTIO WOTE VA  EMITPENOUV TNV TApPAAANAn amokwdikomnoinon. MNoapadsiypatog xapwv, n
oNUatodotnaon evog neploplopol (o omolog emtBaiAetal and to MVC kwdikomolntr) cupdpwva Ue
Tov omolov poévo éva macroblock plag ouykekpulévng ogng eéoptatal amd €va umocUVoAo amod

macroblocks aA\wv OPewv, £Xel WG AMOTEAECUA TNV UAOTIOINGN KOAUTEPOU TAPAAANALOUOU KATA TNG
Stadkaoia amokwdikomoinong.

» MVC scalable nesting SEl message:

ETutpenel tnv emavaypnolgonoinon Twv udlotapevwy SEI pnvupdtwy Seiyvovtag Tig OYeLg
(A T XxpoViIKEG oTABUEC) YL TIG omtoieg ouveXilouv va LoxUuouv ta nadatotepa SEI punvoparta.

» View scalability information SEI message:

MeplExel mMAnpodopieg OPewv KAl EMEKTOOLUOTNTAG VL0 CUYKEKPLUEVO onUeila Aettoupyiag
€VTOC TNC KwdLKoToNUEVNC akolouBiag. Metafl aAwv, onuatodotel mAnpodopieg 6Mwe tov pubud
Twv bit kKot Twv MAALCIWV WG HEPOC TOU UNVUHATOC yLa £va UTTIOCUVOAO TwV ohueiwv Asttoupylag.
Auth n mAnpodopia unopet va gival xpriotun ywa thv kabodnynon t¢ dtadikaociag s€aywyng tng
pong Twv bit.

» Multiview scene information SEl message:

YrodelkvUel TNV péylotn Stadopd Twv OPewv o€ €va access unit. AUTO To UVUPO HImopel va
xpnotuomnotnBel eite yla tnv enefepyacia tng amokwdIKomonpeévng oPng mpwv tv anodoon Tng
otnv 3D 086vn eite yLa tnv TonoB£Tnon uOTItAwy Kat Aslavtwy og pia 3-D oknvh.

> Multiview acquisition information SEl message:

AuTo to SEI prvupo mpoodlopilet TOLKIAEG TOPAUETPOUG OMWE TIG eVOOYEVAC Kal e€WYEVNG
TIAPAUETPOUC TNG KAUEPQAQ.



» Nonrequired view component SEI message:

YrodelkvUeL OTL €va LEPOG TwWV OPewWV TNG KwdLKomoLnpuévng akolouBiag dev xpelaletal va
amokwdikomownBel. Autd pmopel va cupPel edv €xel oplotel Mpog avamapaywyn €va PEPOG TwV
opewv (OxL OAec) oL omoieg OHwWC Mpog avamnapaywyn oWelg dev Paocilovtal oTig UTOAOLTEG OYELG
(Nonrequired) ywa Tnv amokwd&komoinon Toug.

> View dependency change SEl message:
Me autd to SEI prvupa sival duvatn n onpatodotnon aAlaywv tou £vipou €dptnong oPewv.

» Operation point not present SEl message:
YrodelkvUel onpueia Asttoupyiag ta onoia dev «epdavidovtoly evrog tng pong twv bit [16].

» Base view temporal HRD SEI message:

Auto 1o SEI MnAvupa ouvbéetal pe €va IDR (Instantaneous Decoding Refresh) onueio
npoonélacng kal cnuatodotel mAnpodopieg oxetikeg pe tig HRD (Hypothetical Reference Decoder)
TIAPAUETPOUC TIOU cuvdéovtal e Tnv Baotkn on [16].

2.2.4. Access Unit

Eva onueio mpoomélaong Tepléxel OAeg TG NAL povadeg oL omoieg oyetilovral pe éva
oTyulotuno yia kabe opn [1]. H amokwdikomoinon &vog onUelou TMPOOTMEAACNG TAVTA E£XEL GOV
QIMOTEAECHA TNV TIAPAYwWYN Kiag amokwSIKOMoLNUEVNC ELKOVAG Yo KABe oyin.

Juudwva pe to mpotumo tou MVC , éva IDR onueio mpoomélaong, €ivat €va onpeio
T(POOTIEAQGNG OTIOU Ol ELKOVECG TWV SladopeTikwy 0P ewv givat IDR. Ta ev Aoyw IDR onueia mpoonéhaong
TIAPEXOUV UTIOOTNPLEN TUXLWY ONUELWVY TIPOOTIEAONC OTA EKACTOTE OTIYULOTUTIO TwV OPewv. MpEmeL va
ONUELWOEL OTL TO TPOTUTIO ETUTPEMEL O UEPLKEG ATIO TIG OPELG (OXL OAEG) va pnv meplexouv IDR €lkOVEG
OTa EKAOTOTE onpeia mpoomélaonc.

'OAa ta RTP makéta ta onoia pépouv ta NALUs yla Eva onpeio mpooméAaacnc MPETEL VO €X0UV TO
1610 “timestamp” [14]. To TéAo¢ vO¢ onueiov TpooTéAaong entonpaivetal ano to nedio “marker bit”
tou RTP Header evw n apxn evog véou onueiou mpoomeAaong avixveletal ano éva Eapvikdo aApa Tou
“timestamp”petafl Svo Sladoxikwyv RTP makétwv (0 aplBuog akohoubiag va Stadépel kata éva). O

n u n u

opol “RTP nak€to”, “timestamp”,“marker bit” avaAlovtol oto kedpdAato 3.3.2 .
2.3. Nokia MVC Headers

e autAv TNV evotnta avalletal n doun tng pong twv bit tou avoytol kwdwa H.264/MVC
kwdikomouwntn tng Nokia, Twv Stadopetikwy tUNwvV Twv NALUS, Twv TIHWV Tou €Xouv ta medla twv
header toug, 6nAadn kaBe mote aAAAlouv Kat yLati, KaBwg Kal Twv TANPodopLWY IoU avtAolvTal and Ta
nedia eite katd tnV amokwdikomoilnon eite kata tnv enefepyoaoia €mnelta and tnv petadoon toucg. O
KWwSLKOToLNTAG TpomomnolnBnke wote n kaBe 0Yn va anobnkevete oe €va SLadopPeTIKO KWOLKOTOLNUEVO
opxeto avti kat ot 0o oYPelg va amobnkevovtal oto 610 Kwbdikomolnuévo apxelo. H tpomomnoinon autn
SilveL tnv duvatdtnta petddoong tng kabe OYPng o SLAPOPETIKO KAVAAL.

Adou katavonbnke o kwdikag Tou kwdikomotntr tng Nokia Kat o Tpdmog e Tov omoio evBUAaKwVEL
0 whéALo poptio e NALUs, urtdpxet n Suvatdtnta evpeonc:
1. OAwv twv NALUs twv StodpopeTikwv O ewv.
2. Tou wdéhpou poptiou mou evBulakwvetal os kaOs NALU.
3. KaBe mote xpnotpomnoleitol Stadopetikol tomou NALU, 8nAadn kdbe mote sl0AyeTe £vag VEOG
NALU header.
4. Noéoa eival ta enutAéov bytes mou npootiBevtal oto woéApo doptio (Kepdaato 4.2.1).
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Jtnv Ewkdva 5.0. avamnaplotatat n Soun kat o tunog twv NALU headers mou elodyovtal o kabe
mAaiolo tn¢ Baotkng odng evw otnv Ewkova 5.B. yivetal n avriotolyn ovamapdotoon Tng Un-pacikn
oyng. MNa tnv evBuldkwon tou weéAou poptiou kal Twv Suo oPewv oe NALUs, elcdyovtal Suo NALU
headers mpwv 10 wdpéAipo doptio. Onwg avallbnke oe mponyoUpevo Kepdlalo, Kal otic Vo OPELg
TPWTAPXIKA eloayetatl o Prefix NAL Unit Header (4 bytes). Ensita, otnv Baciky oyn elodystal o
H.264/AVC NAL Unit Header (1 byte) 6mou n Umapén tou kablotd Sduvatr tnv amokwdikomoinon tng
Baowng oPng and £vav molawov tomou H.264/AVC amokwdwkomointr. TéAog, ewodyetol o SeUTEPOC
NALU header tng pn-Baotkric dync o coded slice of MVC extension(4 bytes).

MNa va eivat duvatn n evpeon twv NALU header tng kwdkomotnpuévng akoAouBiag kot yla va
OIOTPEMETAL N eVPEC KATOWWY byte ou €xouv TLEG avtiotolyeg pe auteg evoc NAL Unit Header al\a
elval TLnEC wdhéApou doptiou, TomoOeteital éva mpdOeua tecodpwv Byte(Prefix Bytes) mpwv amnod kabe
NAL Unit Header, pe tnc tipéc [0 0 0 1] (Hex).

BASE VIEW
Prefix NALU Header SR STCIALD NALU Payload
Header
a.
NON-BASE VIEW
. Coded Slice Of
Prefix NALU Header MVC Extension NALU Payload

b.

Ewova 5. Aour) MVC kwdikomownpuévng akoAouBiag (Nokia encoder)

Itnv Ewkova 6.1. avamoploTatal HEPOC TNG KWELKOTONUEVNG pong amd bit evog mAaloiou Tng
Baowkng odng. e kabe ekova avamaplotatol 1 block to omoio amnoteAeital and 512 bytes. Mpwv tnv
évapén twv NAL Unit tng Baotkng opng undpyxouv téooeplg NALU headers. O mpwtog header (0X27)
evBulakwvel To sequence parameter set, adol to Tedio type €xel tnv T 7 (5 televtaia bits tou
npwtou byte). O deltepog header (0X2F) evBulakwvel To subset sequence parameter set adou to nedio
type €xeL tnv Tiun 15. O tpitog kal o tétaptog header (0X28) evBulakwvouv ta Picture Parameter Sets
yla tTnv kaBe oYPn adou to medio type kal otoug dUo headers €xeL Tnv TR 8. OL ev Adyw headers,
XPNOLLOTIOLOUVTAL ATIO TOV QMOKWAELKOTIOLNTH yLa TNV avayvwpLon Tou TUTou TnG akoAouBiag kat sival
avaykaiol ywa thv amokwdikomoinon tng akoAouBioc. Emeita akolouBel to mpwto NALU tng Baoikn
oyng to omoio avayvwpiletal and ta prefix bytes kat toug NALU headers. Metd to téAog tng
KwdLKomolnuévng akoAouBiog tou mMAalsiov tg Baotkng oYng, undapyouv ol pwtot NALU Headers tou
TIPWTOU TAALGioU TG KN-Bactkng OYng omwe amewoviletal otnv Elkdva 6.2 . MpEMEL va TOVIOTEL OTL OL
TWWECG Twv headers woxUouv poévo yla Tig reference elkdveg 0L utOAoUTEG £xouV SLadOPETIKEG TUEG OoTa
niedia twv NALU headers kat avaAUovtal epeTaipw HETEMELTA TNV Sla evotnTa.
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Prefix NAL Unit H.264/AVCNAL
Header({4 Bytes) Unit Header(1 byte)

Block Size:512
%00, Bx00, w,\uu Ax01 E1>¢2'? Bx42 , @x48, Bx14, BxDB, Bx05 , Bx82 , Bx59 ,[BxB8, BxB@ Bx08, Bx01

Bx2F . Ax76 . Ax0A, Bx14, ByﬂB Bx2D,.0x82,BxC1 . 0x2C. AxAA .Bx5A ., BxEV, Bx38, Oxhn, Bx40 ]ﬂr@@
Ax008, AxA0, BxA1, Ax28 . B, Bx82, BxEE,B%BB Ax00, BxB0,Bx01, Ax28 , Ax48 , Bx B E,Bx208,
Bx00, BxA0, BxB0, BxB1 |, Bx2E, Ax01 , Bx60, AxB7, BxBB]BKBE 008, 0x00, BxB1 , Bx ,Bx4F,
BxBE, BxA1 , Bx1E,BxE7, OxEQ, Ax48 . Bx20, Ax34, 0x25 . UxBZ . Ux33 , UxB1 . UxHs, BADE BXCB 8x99.
BxC6 ,@xB3 , BxFF, Bx32 ,Bx21 , @xC4 , BxE?, BxC1 , BxES , BxC7, 8B4, BxA8 , Bx31 , BxCA , BxB5 , BxF2,
Bx8D,0x70,8x57,.0x3E, Bx9F, xCD, OxAC, AxDS5 ,0x10, BxBA,BxA7,Bx5D, Bx1D, BxB4, BxE6 . Bx97.
BxBE,Ax108,8x60,8xD9,0x94,.0x33,8x55,.0x58 ,B8x@06 , Bx8B . 0xA1 , Bx2F, BxC?, Bx84,8x94, Bx68 .
BxD4,Bx36,Bx83, BxB6 , Bx56 , Ax8E, BxEF . BxC8 ,BxCA, Bx35 ,BxCh , Bx12 , 0 .BxD8,Bx18,08xCh,
Bx00, Ax10, 8x@5 . Bx5D, Bx38 . AxCH, @8x58 . Bx31 ,BxC4, BxBD . BxFD, Bx96 ,B8x2B, Bx7A . Bx1A , Bx24,
BxDC,@xC1,BxF8,Bx68 ,0xELl . BxA7,BxA2 . Bx8E, Bx02 , Bx5A . BxBS . Bx38 , Bx06 , Bx14,8xFB, AxC4.
Bx24,0x79,0xB4,08x7D, BxAF, BxBD, BxB3,0x31 ,0x2E, Ax4D,0x98 , BxCO, AxA7 , Ox7C,Bx6A , Ox18,
BxBA,Bx61, x40, Bx3IB, Bx1D, Bx74,8x09 ,BxAE, BxDE, BxCS ,AxB3 , Bx89 . Bx40, 0xAB,Bx53 , BxD8 ,
BxD9, Bx45, BxBF, BxF? . Bx5A, Bx4D, Bx8E, BxC2 ,0x4C, BxAB . BxDY , Bx2C, Bx22 , Bx81 ,Bx93, Bx18,
ﬂxDS,BKC?,BE@C,@X?F,BKH?,ﬁxBl,ﬁxDﬂ,RxSS,ﬁx4ﬂ.ﬂxﬂﬂ,ﬁxﬂ8,ﬁxBR,L 88,9xEH,BxF4,
BxB7,.0xES , 0x25,0xB1 , BxE4, Ax01 ,0x0D, 0x59 ,0x70, Bx2D,Bx95 , Bx46 , OxCF,0x62 ,0x04, 0x2C,
Bx6F,Bx19,0x8D,08x93,0x1F, x4l ,6x21 ,0xF9,0xBF, BxEF ,0x07, BxB4, Bx9A , 0x29 . OxEA , Ox45,
0x80,0x94,0xB5, BxB5 , Bx23, Ax46 ,0x39 . 0xF?,0x58 , BxC5 ,Bx3B,Bx8D, BxF3,0x04,0x3D,0xA9,
BxFF,.Bx12,0x1A,0x01 . Bx49 . 0x38 .0x70,. OxF6 .AxEA, Bx6B . BxCY? . BxA7 . BxES . BxF? . Bx90 . OxEA,
Bx2C,BxE3,0x39,0x4C,0x1C,0x63 ,0x86 ,0xES ,0x18,08x82 ,8xB7,08x67,0x8A,0xA?,0xF6 . AxF4,
@xFB, BxAC, Bx30, BxBC, Bx9C, BxBE, Bx35, Bx36 , Bx4E, Bx19 , Bx94, Bx4B, BxA7, OxB1 , Bx8E, Bx27,
Bx70,0x3C, 0x1A, OxES , BxC?, Bx72 ,0xFA, 8xCC,0x7C, Bx48_ﬁx;@ Ax99,8BxEC,BxE2,0xC1,0x90,
Bx46,@x1F,Bx9?,Bx25,BxFQ,Bx?2,Bx2D,BxDE,ExiD,BxEl,BxDE,Bx?B,BxSl,BxBB,BxB2,Bx3?,
Bx57,.0xA1,0xC3,0xAB, Bx93,.0x39 . 0xFB, Bx76 ,AxB? . Bx7C,.Bx86 ,BxAB,. BxA8 . Bx12,8x63 . Ox9B.
Ax27,0x06 ,8x2F,0x76 ,BxEQ, Bx28 . Ax4D, Bx7B,0xBA,Ax32 ,0x31 ,0xE3 . BxBA , Ax2A ,BxEN, Bx37.
@(16 BxF5,Bx4F . Bx87,0x1C,. Ax9B,BxC? . Bx6D,OxA6 . Bx2B,Bx47 . BxA6 ,BxAF . BxB3 ,Bx2D, BxHA ,

»0x92,8x34,0x3C,0x48, 0xB6 , Bx4E,0x19 ,08x16 ,8xDF .Bx1C, 8x5C,Bx07 , 6xB5 ,B8xBC, 8x6C,
GX?S,BxSB,BxﬂC,BxE ,Bx0B8 , BxEA ,Bx4A ,BxE4,0x0C, Bx13 ,8xF8 ,8x20,0xDD, Bx39,8x35,0xC3,
Bx94.,0x@D, BxBA,. Ax03 ,BxB2 . %37 .Bx63 . BxB6 ,BxCF ,BxFD,BxAE, Bx5B,8xD5,0x18,
Bx69,0x68,0x39,0x99,0x42,0x68 ,8x0 .BxN9 ,0xDB,0x07,Bx0E, Bx9E,Bx58, Bx5F,
Bx5E, Ax@A8 , BxE3 . Bx58 ., BxAC, AxF8 . OxED . Bx .Bx07,.8x5B,0x19,8x50, Bx49 ,B8x78 , Ax2B,
SVIE ,BxF4,8x47,08x78B,0xD5, AxB8 ,Bx14, Btbh BAIC-“V&D Bx38,0xD1,8x97,8x57,8x52, 0xFA,
xC

Ewkova 6.1. M£pog TG Kwdkomonuévng por¢ twv bit tng Baokrg oYng

Prefix NAL Unit coded slice of MVC
Header{4 Bytes) extension{4 bytes)

BxB8,.0x00, Ax08,. BxB1 |, 3x2E, Bx41 , 8x00, Bx41,0x80, 0x06, AxAA, AxA0,. AxA1 |, 6134, Bx41, 0x00,
Px41,0xB4, Ax0F .0x68 . Bx89,BxA5, Ax28 ,0xA? . 0xFA, Ox5E, BxB0, BxF1,0x01 . 0x30,Ex27,0x17,
BxA3,0x85,8xCA . BxB4,BxD1, BxSE, BxBE, Ax4B,8xD5 ,BxD4, Bx?1 , x76 .0x67,0x69 ,8>CB, Bx60,
x50, 0x0F, Bx19 . BxB?,8x58,BxA7, BxDB, BxC? ,Bx6C, AxA9 . BxF8 , Bx61 .Bx2C, Bx96 , B>3A . Bx73,
Ax6B.BxA8 . AxCA . Bx31,8xA4,BxC1,Ax08 ,Bx69 . OxE?, Ox2D,0x12,0x39 ,0xFA,.0x02 ., 0>73,0xAT .
Bx94,0x3E, 8x8D . BxE1 ,Bx9F,Bx9E, Bx5F, BxD3 ,8x2B, Ax8D, BxCA, Bx5C . Bx26 , BxA1 ,B>50, Bx1C,
BxA4,0xB2, 0x00 . BxB1 , OxF2, BxD9, BxA6 , BxAE, Bx36 ,Bx32,Bx79, 0x92 . Gx44, Bx4D, B>86 , Bx95,
Ox8A.0xD1,0x7E,.BxD8 ,0x27, BxFA . BxB6 ,AxD?,Bx3B,AxC9 . BxDF, OxE7 . Ox1F,0x6F, B>AD, BxBA,
BxEC,0x22, Bx4A . Bx31 ,0x?F,Bx3C, BxCE, AxE1,08x22 , 0xB8 , BxA0, 0x27 . Bx7E, Bx63 , B>A1 , Bx57,
BxFF,BxB2,0x79 ,8x9B,.08xD5,8x3D,Bx1D, 0x58 ,8x00, 0xF3,8x4F, 0x89 ,0xA4,0x25,0>C1, 8xCA,
BxD7.0xAB, BxDA .BxDY , AXEE, BxD3 . Ax48 , Ax5SE,Bx72 ,0x33 . 0x65, 0x74 . 0xB2 , Bx65 , B>36 . BxCC,
ixBF,BxBl.BxE?.@x42,Bx6F,BxBE,BxBC,ﬁx31.8xFS,Bx3D,BxH9.ﬁxﬂB,@xSB.BxEF,B>1E,BxE?,
Bx50,0x01 , BxAE, Bx01 . Bx94,0x74, OxE6 , Bx80,.0x9F, Bx73,0xAB, BxFE, BxAE,. BxAS , BxA7, BxB1,
OxFE,BxF5,0x68 .BxCY9 , 0x01 ,Bx59,0x89 ,0x3D,BxCB, Ax39,.0x92, 0x48 . Gx9F, 0x99 , BxEQ, Bx0D,
Bx73.0x7?0,0x91 .Bx5A,0x8F , Bx5F, Bx70 ,0x24,08x69 ,0x18 . 0xBA, OxES . Bx1F, 0x92,6>D1, Bx42,
Bx59 ,.0x7D, Bx7B,.Bx5C,Bx5D, Bx83, Bx99 , OxE6 ,BxE2, Bx82 . BxBA, Bx82 . BxB?,Bx52, B>BD, Bx2B,
BxDB.0Bx5D, BxEY .Bx27,0x27,BxB4, BxD?7, BxBF,8x36 . AxD4.0x20, 0xB3 . Bx73, BxB5 , B>6F . Bx85,
BxBF,0x308,0x54,0x29,0x2F,0x6B,Bxn9,0x1F,Bx80,0x93,8x58,8xCC,0x61 ,0x53,0>C7,BxEC,
BxA8 ,Bx66 , AxB4 . BxAE, Bx24,BxCA, BxC2 ,Ax24,0x34,08x23 ,BxCY?, BxC1 .Bx7E, Bx78 , B>AC, Bx5C,
Bx76,0x33,0x47,0x42,0x608,0xB7, Ox0E, BxD9 ,Bx40 , Bx10, BxES , BxD8 ,8x53, B8x36,0>27,0x67,
3x3E,Bx6E,Bx1B,Bx99,BXSF,BxEﬁ,BxlF,ﬁxﬂB,BxE?,@xBS,BxBE,Hx3E,Bx2F,Bxﬂ&,@)BB,BxBB,
BxAN . BxFE, BxB8 .BxBA, BxA8 , BxA4, Ax8A, Bx4C,Bx8E, Bx20,.BxF1 . BxCC,Bx@AF . Bx24,B>A4, Bx8F,
OxDF,.0x8A, 0x00, Bx00, 0x40, Bx0F, Bx2C, BxFF,0x?77,0xA2 . 0xDB, OxDB . 6x68 ,8x?C, 6>48 . BxC?,
B%95,.0x96 , xAB ., Bx25 , Bx4n , BxF4, BxEB, Bx9A ,BxD6 , BxAF . BxEF, Bx2F . 0x69 ,Bx10, 023, Bx20,
@x82, BxBF, BxEB . BxD5 , Bx9D, BxDE, Bx1A , Bx6C,.BxAF,, AxE4, BxAF, Bx98 .@xAC, Bx59 , Bx?9 , BxDC,
Px14,0x38,0x58 ,0x89,0x4F,0x7A,0x71,0xBA,.0x38, 8xFB,BxB?,08x3B,8x8C.0x58, 8x97, BxA5,
BxFB,0xCC, Ax88 .Bx3E, Bx48 , Bx55 . AxE6 , AxB1 ,Bx1A ,Bx56 ,0x98 , OxBC, Bx25,8xAC, Bx1F, Bx25,
BxBH,BxBB.BxﬂB,@x44,Bx46,Bxﬂﬁ,BxCD,@xﬂﬂ,@xﬂ?,ﬂxBF,Bx?B.ﬂxFB,@xl?,BxDD,BxBB,BxD?,
AxFB,BxF3,0xC4,0xE2,0x87,0xCF, BxFA,8x5F,0x11,0xC8,0xCA,BxD4,08xDB,0x20,0xE1, AxA6,
BxA8 . BxFB, Bx9C.Bx89 ,0x45 ,Bx9C, Bx37,0x66 ,8x21 ,BxD2 . BxDA, Bx4F . BxFC, BxE3 , Bx36 . Bx9B,
0x20,8x79,.8x9F .0x2C,. 0x4C, 0x53 , Bx49 , BxES . 0x12 , OxF6 ., AxA9 . Ox5A . BxAB, 0x80, BxB4, AxBE,

y

AxCF,Bx3D, BxB5 ,0xF8 ,0x26 ,0xB?, BxA1 ,8x7B,0x52 ,0xE?,08xCA, BxBE,Bx9B,08x42 ,08x1F,AxF3,

Ewkova 6.2. M£pog Tng Kwdlkomotnpévng pon¢ Twv bit tng un-Baoctkig oYng

Parameter Set

i

Part of 1 NALU bitstream
(Base View)

)

A

Part of 1 NALU bitstream
(Base View)

)
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JTOUG TaPaKATW Tiivakeg yivetal avaluon twv twv THwv mediwv twv NALU headers tng

Kwdlkomolnpuévng akoAoubiag (nokia Encoder) .

Nivakag iv. Base View - Prefix NALU Header (Nokia Encoder)

---Base View Prefix Nal Unit Header---

ZtaBepog AplOudg IDR-Frame ZtaBepog AplOpdg IDR-Frame

Hex: 0x2E Hex: 0x01 Hex: 0x00 Hex: 0x07

Bin: ofof1]o]1]1|1]0 Bin: olofofo]|o]ofof1 Bin: ofo]o]ofofo]o]o Bin: olofofo]o]1f1]2

Dec: [0 1] 1 || Dec:|[oo] 1 || Dec: o | Dec:|[ [ o [i[a[1]

non IDR-Frame non IDR-Frame

Hex: 0x41 Hex: 0x03
Bin: | Lo 1fofofo[ofo]1] Bin: | [ofofoJofoof1]1]
Dec: |[of1] 1 ] Dec: [ [ o [Jofaf1]

F-Forbitten_Zero_Bit (0): To NAL Unit &ev mepléxel napaPiacn g ovvrtaéng i Adbog ota bit tou

wdéAlpou poptiou Tou.

NRI-NAL_Ref_Idc (1): Yndpxel avaykalotnta anokwdikomnoinong oAwv twv NAL Units.

Type-Nal_Unit_Type (14): Opiletal o tunog tou NALU Header (Prefix NAL Unit header).

IDR-Frame
R-Reserverd_One_bit (0): Ayvoeital antolg
amokwd&Komolntég [2tabepn Tunl.

I-Idr_flag (0): To NALU evBuhakwvel wpEALLO
doptio plag IDR ekévag.

PRID -Priority_id (1): OAa ta NALUs €xouv tnv
idla potepatoTTa.

VID-View_id (0): Opiletat wg Baotkn o).

TID-Temporal_id (0): Aev koBopiletal tepapyia
XpovikoU otpwpatog (temporal level) [ZTtaBepn)
wn).

A-Anchor_pic_flag (1): To NALU evBulakwvel
woEAo doptio pLag stkovoc ‘aykupag’.

V-Inter_View_Flag (1): O\a ta NALU's
Xpnotpomotouvtal yla inter-view mpoBAen.

O-Reserved_One_Bit (1): Ayvoeital antoug
amokwOLKomoLNTEG [ZTabepn Tiun].

non IDR-Frame
R-Reserverd_One_bit (0): Ayvosital antolg
armokwadIKomoNTtEG [2Ztabepn Tiun].

I-Idr_flag (1): To NALU &gv evOuAaKkwvel
wdéAlpo doptio plag IDR ewkodvag.

PRID -Priority_id (1): ‘OAa to NALUs €xouv tnv
dla mpotepaloTTA.

VID-View_id (0): Opiletal wg Baocikn oyn.

TID-Temporal_id (0): Asv kaBopiletal Lepapyia
XPOVLKOU otpwpatog (temporal level) [ZtaBepn
).

A-Anchor_pic_flag (0): To NALU &gv
evOUAakwvel wdEALLo doptio pLag elkdvag
‘aykupag’.

V-Inter_View_Flag (1): OAa ta NALU’s
Xpnotgormnolouvtal yia inter-view nipopAedn.

O-Reserved_One_Bit (1): Ayvoeital antoug
armokwdLKomolntég [2tabepn Tiunl.
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NMivakag v. Non Base View - Prefix NALU Header (Nokia Encoder)

---Non-Base View Prefix Nal Unit Header---

ZtaBepog AplOpog ZtaBepog AplOpog ZtaBepdg AplOpdg ZtaBepdg AplOpog
Hex: Ox2E Hex: 0x41 Hex: 0x00 Hex: 0x41
Bin: ofof1]o]1]1]1]0 Bin: of1]ofofofo]o]1 Bin: oloJoJo]o]o]o]0 Bin: o[1]ofo]ofo]o]1
Dec: |[0[ 1] 1 ] || Dec: |[e[ai] 1 ]| Dec: Dec: IEODE

OL TIHEG TwV TteSiwV OAWV TwV MAALGiwy TNG KN Baoikng 0YPng mepLléxouv oTabePEC TIUEG.
F-Forbitten_Zero_Bit (0): Ta NAL Units dev meplexouv mapafioaon tng ocuvraéng n AdBog ota bit tou
wdéAlpou dpoprtiou Toug.

NRI-NAL_Ref_Idc (1): Yndpyel avaykaldtnta anokwdikonoinong 0Awv twv NAL Units.
Type-Nal_Unit_Type (14): Opiletal o tumog Tou NALU Header (Prefix NAL Unit header).
R-Reserverd_One_bit (0) : Ayvoeital antoUg amokwdikomolnteg [2tabepn Tiun].

I-Idr_flag (1): ‘OAa ta mAaiowa opifovtat wg V-IDR.

PRID -Priority_id (1): OAo ta NALUs £€xouv tnv i6la mpotepatdtnTa.

VID-View_id (1): Opiletal w¢ pn-Bacikr) oyn

TID-Temporal_id (0): Aev kaBopiletal Lepap)io xpovikoU oTpwuatog (temporal level).
A-Anchor_pic_flag (0): Kavévo NALU bev evBulakwvel whEALLO GOpTIO HLOC ELKOVAG ‘AyKupOC .
V-Inter_View_Flag (0): Kavéva NALU Sgv xpnolpomnoleitat yia inter-view nipoBAsdn.
O-Reserved_One_Bit (1): Ayvosital antou¢ anokwdLkomolnTég [Ztabepn Tiun].

Ta media twv Prefix NAL Unit Headers mapéxouv tnv Suvototnto TG OVAYVWELONG KoL
peyalutepng mpootaciag tng mold xpnowung mAnpodopiag Katd tnv petadoon tng. To medio View_id
UTopel va xpnotwomnotnBel Téoo yla TNV avayvwplon Kot tnv npoctacia tng factkng oPng éco yla tnhv
eaywyn Kal amootoAn povo tng Paocikng odng. To medio Anchor_pic_flag bivel tnv duvatodtnta
avayvwplong twv elkovwv ‘aykupag’ evw to Inter_View_Flag pmopel va xpnolponownBel ywa tnv
KOAUTEPN TPOOTACIO TWV ELKOVWY EKEIVWV TIOU Xpnolpomnololvtal yla PoPAsPn amd GAAEC €LKOVEG,
£XOVTOG WG AMOTEAETUA TNV Uelwon tng Stadoong AaBoug.

lvetal eUkoAa avtAnmTo OTL 0 kwdikomolntng tng Nokia dev Sivel Wlaitepn onuaocia o PepLka
niedia. To nedio Priority_id €xeL poviua tnv Tiun 1 emonpaivovrog otL 0Aa ta NAL Units €xouve tny dla
npotepatotnta. Eniong to medio NAL_Ref_Idc eival pévipa 1 tovitovrag otL 0Aa NAL Units €xouv tnv
6L avaykn amokwdikomoinong. Evw to Mmoo onuovtiko eivat otL dev Sivetal T oto Temporal_id kTt
TO ormolo onpaivel OtL Sev UTIAPXEL LepapXio XpovikoU oTpwaTog Hetafl Twv NAL Units. Mapoia autd o
KwdLkomotnNtig Asttoupyel cLUPwWva e To tpoturo H.264/MVC .
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Mivakog vi. Base View — H.264/AVC NALU Header (Nokia Encoder)

---Base View H.264/AVC Nal Unit Header---

IDR-Frame on IDR-Frame

Hex: | 0X25 Hex: | Ox21
Bin: [ofo]1]ofo]1]o]1] Bin: [oJo] 1] ofo]ofo]1]
Dec: | [o] 1 ] 5 | Dec: | [o] 1 ] 1 |

O Nivakag vi anekovilel Tig TEG TTov Séxetal o H.264/AVC NALU Header o omoiog akoAouBel
ntavta tov Prefix NalU Header. Otav to wdéAipo dpoptio tou NALU evBuhakwvel pio IDR gwkova (N Hépog
nG) tote 0 H.264/AVC NALU Header €xel w¢ Twur tnv 0x25 avtiBeta £xel wg Ty tnv 0x21.

Kat otig 2 meputtwoelg, n Twun tou F-Forbitten_Zero_Bit sival 0, onote o kavéva NALU bev
eumeplexetal mapaPiacn g ovvragng N Adbog ota bit Tou woéAipou doptiou tou. Emiong, to NRI-
NAL_Ref Idc sivat 1 ywa 6Aa ta NALUs, to omoio umodnAwvel OtL umdpyxet n dla avaykotdtnta
anokwdikonoinong 6Awv twv NALUS.

TéAog to medio Type-NAL_Unit_type yla TiG IDR €lkdveg elval 5 evw yla TI¢ umtoAoLneg sivat 1.
Kal ot dUo mepumttwoelg unodelkvuouv OtL To NALU evBulakwvel pépog Tou wdEAou doptiou TG
Baoikng oync . Emiong smonuaivouv otL to NALU avadépetal oto malaol tumou SPS (Sequence
Paramer Set) tunou 7 [6]. H Stadopomnoinon Twv TLHwV Tou mediou tou TUToU yLa Ti¢ IDR elkdveg amd Tig
umolouneg Ba pmopouoe va XpnowlomolnBel TOoo KAt TNV amokwdilkomoinon 600 Kal Katd thv
LETAS00N Yl TNV EUPECT KaL TNV KAAUTEPN Tipootacia twv IDR Frames.

MNivakag vii. Non Base View — Coded Slice of MVC Extension (Nokia Encoder)

---Non-Base View Extended H.264/AVC Nal Unit Header--

ZtaBepog ApLlOpog
0x34

ZtaBepog AplOpog
0x41

ZtaBepdg AplOpog
0x00

ZtaBepdg AplOpog
0x41

Hex: Hex: Hex: Hex:
Bin: | [ofof2]2of1]0]0 Bin: | [o[2[ofofofofo]1 Bin: | [ofofo JoJoJofofo]|| gin: | [ol2ofoofo]0o 1]
Dec: |[([ ] 2 || Dec: |[@[al 37| Dec: Dec: EODE

OL Tpég Twv mediwv tou deltepou NAL Unit Header (coded slice of MVC extension ) Tng pn-
Baowkng oPng eival mavra idleg evw enonuaivouv otL to NALU avadépetal oto kalvolpylou tumou SPS
(Subset Sequence Paramer Set) tomovu 15 [6].

F-Forbitten_Zero_Bit (0): Ta NAL Units dev mepléxouv mapaBiaon tng cvvraéng n Aabog ota bit tou
wodEAou dpoptiou Toug.

NRI-NAL_Ref_Idc (1): Yndpxel avaykalotnta anokwdikomnoinong 6Awv twv NAL Units.
Type-Nal_Unit_Type (20): Opiletal o TUnog tou NALU Header (Coded slice of MVC extension).
R-Reserverd_One_bit (0): Ayvositol amtol¢ amokwdikomownteg [Ztabepn Tipn].

I-Idr_flag (1): OAeg ol elkoveg Bewpolvtal wg V-IDR.

PRID -Priority_id (1): O\Ao ta mMAaiola £€xouv TV (Sla tpotepaloTnTA.

VID-View_id (1): Opiletal wc un-paacikn oygn.

TID-Temporal_id (0): Asv koBopiletal tepapyia xpovikol otpwpatog (temporal level).
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A-Anchor_pic_flag (0): Kavéva NALU dgv evBuhakwvel weApo dpoptio pLog ewovag ‘aykupag’.
V-Inter_View_Flag (0): Kavéva NAL Unit gv xpnotpomnoleital yia inter-view mpoBAedin

V-Inter_View_Flag (1): Ayvosital antou¢ anokwsoLKOMOoLNTEG.
2.4. Aiopdwon ZpaAuartwv Metadoong os sntinedo spapuoyns (Error Concealment)

Kata tnv petadoon MVC akolouBwwv oe anwAécBbnka kavaiia n porn twv bit tou MVC €xel tnv
SuvatotnTa TNG AVEKTIKOTNTAC 08 OPAApOTO PETAS00NC. AUTO YIVETAL EDIKTO HEOW TWV EPYOAELWV TTIOU
napeyovrat amno to H.264/MVC [9] kat avaAlUovtal € AUtV TV EVOTNTO.

Mo and Tig moio amAég pebodoug amokpuPng AdBoug eival n avtiypadr mAailciou(error
concealment of frame copy). e autov Tov aAyoplBuo pia xapévn ewova xelpiletal oav va sival €va P-
mAaiolo kat n dladlkaociao KATAOKEUNC TN AlOTOC TWV eKOVWY avadopag erikaAsital va dnpoupynoet
pla véa Alota elkovwy avadopadg. Ewoayetal dnAadn oav mpwtn lkéva avadopdc otnv Alota n elkéva
N omola ival n MPONYOULEVN ELKOVA ATO TNV €LKOVA TIoU XAONKe. Emetta, yivetal avtlypadr Twv TIHwWY
TWV ELKOVOOTOLXEIWV TNG TIPWTING ELKOVAG OTIG TWMEC TWV ELKOVOOTOLXEIWV TNG XOUEVNG ewovoc. O
OUYKEKPLUEVOG  aAYOPLBUOC XONOLUOTIOLEITE  OTA  ‘TIELPOUATIKA aTmOTEAEOUATA’  TNG  OUYKEKPUIEVNG
TITUXLOKAG YL TNV aVOTTARPWON TWV XOUEVWY TTAQLOLWV.

Mia GAAn molo moAUTAokn UEBoSOC elval n mapaywyry XPOVIKoU SlavUopatog  Kivnong
(Temporal direct motion vector generation). Autr n L€EB0S0G AvVayKACTIKA XPNOLUOTOLEL TNV AElToupyia
™¢ napeppoAng(interpolation mode) evw cuvnBwg xpnolpomnolel mAnpodopia g dlag oPng. Mo kabe
Xapévo macro-block(MB), ta Siavuopa kivnong kot ol avadopég TOu Tapayovial cav vo elxe
KwdikomolnBel pe xprion Xpovikng aupeong Asttoupyiag(Temporal direct mode). H xpovikr) Aettoupyia
umoloyilel to dlavuopa TNG EUMPOC Kivnong Tou xauévou block Héow TNg MpwTnG lkOvVaG avadopdg Tng
Alotag. Itnv mepimtwon Tou nokia kwdikomolntn omou dgv mapayovtal B-mAaiola yivetal xprion tTwv P —
TAQLOLWV.

H Tpitn kot molo amodotikr péBodog ovopdletatl npoPAedn kivnong(Motion Prediction). Mo
KaBe glkOva dykupag tng Baotkng oPng kwdikomoleitol n oAk avion kivnon(global disparity motion).
Otav o anokwdikomolntig avtiAndOel thv anwAsla evog mAataiou, Bpioket to avtictolyo MB (CMB) yla
KaBe MB Ttou xapévou mAatoiov péow piog efaptwpevng oPng cupdwva pe Ttnv oAk dvion kivnon. Ta
Stavuopata Kivnong kat Asttoupylwv tou CMB £metta avtiypadovtal yla o xapévo MB. TeAwa yivetot
ocupPndLopog kivnong (motion compensation) yla tnv mapaywyr tTe «KPURMEVNSY» ELKOVAG.

YTApXOUV TIEPUTTWOELS KATIOLWYV £L8IKWV MBs 1} 0AOKANpwV Tepayiwv 0mou autdg o aAyopLlBpog
Sev Aettoupyel, omdte elval avaykaia n xpron GAAwv peBodwv otov alyopldOuo MP mou kablotolv
bkt TNV «amokpuPn» tNg Xapévng mAnpodopiag. Eav to CMB dev mepléxel mAnpodopieg kivnong
(intra coded) tote edapudletal xwpkn anokpudn opdiparocg (spatial error concealment), evw gadv sivat
pio ewkoéva B tote epoppodletal xwpikn apeon Aettoupyia (spatial direct mode).Otav pia swova aykupag
plog pn-Baoikng oYng xabei, TOTE OMOKPUMTETAL OVTLYPADOVIAC TIC AVTIOTOLXEC TWMEC omd ThV
CUCXETIOMEVN ELKOVA AyKUPAG TNG Baotkng oync.
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KedpaAato 30. 3D Video Streaming

Y€ aUTO to KedpdAalo avaAvovtal o BABOG Ta MPWTOKOAAX Ta omtoia KABLoToUV edLKTH TNV HeTAdoaon
MVC okohouBlwv os mpaypotiko xpovo. MNolo cuykekpipéva, avalletol toco to Real-Time Transport
Protocol (6opéc wdéAlpou doptiov , TPOMOL MAKeTOMOINONC Kot petddooncg) 6co Kal ta  streaming
ipwtokoAAa (UDP/IP , DCCP/IP). TeAlkd avaAlovtal oL TPOMOL HE TOUC omoioug yivetal edlkth n
S10pbwon odpalpdtwy HeTAdoong Kal OVOAUETOL O MNXAVIOMOG O Omoiog avamtuxBnke yla tnv
OUYKEKPLUEVN TITUXLOKA WE TNV Xprnon Tou omoiou eival duvath n «Sldcwon» OAWV TWV XOUEVWV
mAatoiwv.

Jtnv Ewova 7 avamaplotdtal n Swadikacio petadoong Pivieo o€ mpaypatikd xpovo. H
Sadikaoia g kwdlkomoinong Kat tng evOUuAdkwong Twv mAatoiwv oe NAL Units €xel €idn neplypadtel
oto KeddAato 2. Ze autd to kepalalo Ba meplypadel o TpOMOC e Tov omolo ylveTal n makeTonoinon Kot
petadoon tng kwdikomolnuévng akoAoubioc.

Stereoclient
*Collect UDP packets
*Remove Headers and create NAL Units
*Decode MVC sequence

Stereoscopic server
*Stare NAL Units for all camera
*Create RTP packets
*Create UDP/IP packets
*Send packets through RTP/UDP/IP

NAL UNITS

emt IETTICTTICTT I

RECEIVED PACKET

IP-Network

wnsrssmrarrnrnasnsnrnnrnnsrnnnsrrnsnsnnsoflarnnnnnnnnneal

RTP packets(SNU Case)

Moeno client
*Collect UDP packets
*Remove Headers and create NAL Units
*Decode AVC sequence

UDP/IP packets

RECEIVED NAL UNITS

Ewova 7. Metadoon kot avanapaywyn tplodidotatng akoAoubiag Biviso

3.1. Real-Time Transport Protocol

e QUTAV TNV &votnTa avoAlovtal O TPOTOL HE TOUG OMOoloug YIVETOL N TAKETOMOINGON Kol N
petadoon tplodldotatwy akohouBwv cUpdwva pe to Real-Time Transport Protocol.

To RTP avamtuyxtnke amd tnv opydavwon Snuiloupyiag mpotunwyv IETF Kol Xpnollomoleital oe
ouvSUaOopUO pE GANa TipWTOKOAAQ Omw¢ Kat to H.264. To mpotuno tou RTP opilet SUo mpwtokoMa, to
RTP (Real-Time Transport Protocol) kat to RTCP (Real-Time Transport Control Protocol). To RTP eival to
TPWTOPXLKO MPAOTUTIO TIOU XPNOLUOTOLE(TAL YL TNV HeTASoon MOoAUMEoWY MEow IP SikTuwWV Ttapéxovtag
nmAnpodopieg onwg oppayideg xpovou (timestamp) kot apBuols akoloubiag. Eival oxedlaouévo yla
TIPOYUATIKOU XPOVOU HETOSOO0EL TIOAUMECWY OTO «AKPO-0£-GKpo» evw Oivel tnv duvatotnta g
petadoong dedopévwy oe MOANATAOUC TTPOOPLOOUG HECW TNG TTOAU-eKmopmn¢(multicasting). To RTCP
XpnoLuomoleital yla eplodikn amootoAn mAnpodoplwy eAéyxou (QoS MapAUETPWY) KOL TIEPLEXEL KOVAAL
avadpaong (feedback) mapéxovrtag ouyxpoviopd Hetafl Twv akoAouBuwv. To glpog lwvng tou RTCP
elval mepinou 5% (ouykpLtika pe To RTP).
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3.1.1. Tpornot Metabdoong / NMaketonoinong tou RTP

Autn n evotnta neplypddel Toug Suvatoug tpomoug petadoonc H.264/MVC akoAouBLwv Kal Toug
Suvartolg tpomoug naketonoinong cuudwva pe to RTP yia to H.264/MVC. Ot tpomol petadoong Kat
TaKeTOMOinoNg mou opifovtatl and 1o mpodtuno tou RTP ywa to H.264/MVC [4] sival mapouolol pe
autoU¢ tou H.264/SVC [8].

Mta RTP por] §edopévwy UIopel va epLEXEL €vav amo TOUG TAPAKATW cuvduaououc [4]:

i.  TnvBaown oyn
ii. Mia ) mepLoooTePEC OXL-BAOIKEG OYELG
iii.  TnvBaown oyn mopdAAnAa pe pia i MeEPLOCOTEPEG UN-BOOIKEG OPELC.

Ztnv neplmtwon petadoong pe xpron eviaiag cuvodou (Single Session Transmission), 0 SLOKOWULOTAG
dnuovpyel pia pon dsdopévwy yla tnv petadopd OAwv twv MVC Sedopévwy (NALUS) péow ‘unicast’
petadoong (pio SlevBuvong kot moptacg). H mpooapuoopévn RTP pory dedopévwv Snuloupyeitol péow
tou ‘single RTP session generator’ o omoio¢ cucowpelel OAa to. NALUs twv KatdAAnAwv oPewv mou
elval og Béon (kaL BéAel) va AaPel To ekdoToTE TEPUATIKO. H avarmapdotaon tou SST yivetal otnv Elkdva
8 evw oL cuvSuaopol oL omoiol emttpénete va xpnotomnotnBouv oto SST sivat ot (i), (iii) adoul Sev sivat
Suvatr n petadoon Kal amokwdikonoinon povo tTwv pn-factkwv oPewv [6]. Epooov ta véa NAL Units
mou ewonxOnkav and to MVC 6nwc to coded slice of MVC extension ayvoouUvtat amnoé toucg H.264/AVC
OOKWHELKOTONTEG, UTtApPXeL N Suvatotnta evBUAGKwong autwv Twv véwv NALUs otnv ida RTP pon
TIAKETWVY KPATWVTAC TV CUUBATOTNTA MTPOC Ta TMiow.

MVC SST Stereoscopic
Streamer

— Base Views

smmmn BothViews

-:' Single RTP Session

Ewova 8. Single Session MVC Transmission

Itnv mepimtwon petadoong pe xpnon moMamAwv ocuvodwv (Multi Session Transmission) o
Stakoptotng petadepet tig oPelg (NALUs) péow Stadopetikwyv RTP cuvodwy (Stadopetikn SievBuvon n
nopta). H kaBe RTP oUvodoc mpémel va €xeL to 1610 SSRC[4]. KaBe on petadidetal pEow TN SIKLAC TG
IP multicast opadag (multicast IP SlebBuvon) evw Ta TEPUATIKA cuvTovilovial POVO OTIC EMBUUNTEG
opelg mou B€louv va AdPouv xpnotlpomolwwvtag ouvhBwg to IGMP (Internet group management
protocol) mpwtokoAro. O StakopoTrg, yia kaBe RTP por debdopévwy npenel va avoifel véa UDP (User
Diagram Protocol) mopta, ondte 0 aplBUog Twy MopTwV eival avaloyog Le Tov aplBuo Twv OPewv mou
elval mpog amootoAn ekto¢ edv pia RTP pory evBulakwvel eplooOTepeg anod pia pn-facikég oPetg. H
avanapaotacn Tou MST yivetal otnv Elkova 9 6mou o SLaKopLoTAC KAVEL Xprion multicast petadoonc. H
KaBe RTP ouvobog pmopel va petadépel dedopéva XpNOLULOTOLWVTOC OTOLOVEATIOTE QMO TOUG TPELS
cuvbuaaopoucg (i), (ii), (iii) [6].
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MVC MST Stereoscopic
Streamer

=) Base View
----- 2 Non-Base View

"
I | Multi RTP Session

1
L

AR EEEEEEEEEEEEEEE RN NN EEEEEEEEEEEEE

Ewova 9. Multi Session MVC Transmission

O MST eav kot givat MANPWC UAOTIOLNOLUOG 08 OKAdNUAIKA Kal epeuvnTIKA TiepLlBaiAlovta sivat
6UoKoOAO va AELTOUPYNOEL O TPAYUATIKO SIKTUO TO OTolo TIEPLEXEL TIPAKTLKOUG TEPLOPLOPoUC (NAT
npwtokoAAo ,firewalls). Autog gival o Adyog tng avaykalotntag Unapéng evog evldpeocou otabuol o
omnolog ovopdletat MANE (Media-Aware Network Element) kat amelkoviletat otnv Ewkéva 10. O
SloKouLoTAC Asttoupyel Omwg otnv mepintwon tou MST  xpnotponowwvtag téoeg RTP cuvddoug 6oeg
givat yla ot Stadopetikég dPetg, aAAd o amodéktng toug dev eival o meAddtng alla to MANE. Yto MANE
vivetal to Eemaketdplopa twv RTP MST makEtwv Kal otnv cuvéxela yivetal xpron evog ADTE (Adaptation
Decision Taking Engine) unxaviopou yla tnv €UPECH TWV OMALTAOEWY ToU XpHotn. TEAog oL OYelg oL
OToleC €lval MPog amooToAr] cucowpevovTal g pia RTP oUvodo yla tnv amooToAr] Toug e xpron SST oe
plo StevBuvon kal mopta. OAn tnv mAnpodopia tnv omnoia xpetdletol To MANE thv maipvel eite péow
onpatodooiag eite péow twv RTP kat twv NAL Unit Headers.To oevdplo tou MANE umepBaivel ta
ouvnBlopévoug dpopoloynTég adou mpEMeL va €XEL eMiyvwon TnG onpatodooiag.

MVC MST Stereoscopic
Streamer

MANE
(SST GENERATOR)

RTP MVC MST
Depacketizer

ADTE

= Base View

----- 2 Non-Base View _____; Base View
o= b Both Views

I : Multi RTP Session “...... Single RTP Session

Ewova 10. MANE-based system
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Ynapyouv 3 Baoikol TpOTOL TAKETOPIOUATOG KATA TNV Xprion Tou SST:

e Single NAL Unit mode
e Non-interleaved mode

e Interleaved mode

O single NAL Unit mode ypnowomole(tal o€ cuotipata Ta omoia opilovtal cupdwva PE TNV
ocuotaon tng ITU-T ywa to H.241. AvtiBeta, o non-interleaved mode pnopet va pnv opietat cUpdwva pe
autnVv TNV ouotaon evw ta NALUs Tpmel va petadEpovtal e TNV OWOTH OElpd anokwdikomnoinonc.
TéAog, o interleaved TpOMOC XPNOLUOMOLE(TAL O CUCTAMATA TTOU SEV amaltouv xaunAn kabuotépnon Kalt
ETUTPENEL TNV HeTtddoon Twv NALUs xwplig tnv cwoth oslpd anokwdikomoinong. OAa ta NALUs pe tumo
and 1 £€wg 29 pmopolv va petadepBolv XpNOLLOTIOLWVTOG OTIOLOVSNTIOTE Ao Toug TPeig Slabéoiuoug
TPOMOUG MOKETOTOLNONG.

Katd tnv xprion tou MST n Baoikr) 6gn n omoio petadépetal povn tne HECW UG oUVOSOU TPEMEL
VOl TIAKETAPLOTEL oUWV LE TOUC TPELG MOPATIAVW TPOTIOUG £T0L WOTE VoL KpatnOei n ouppatotnta mpocg
ta miow. Mo to maketdplopo thv umolowrng MVC akolouBiag (un PBoolkég OPelg) €xouv eloayBel
TE0OEPLG VEOL TPOTIOL TTAKETAPIOATOC:

e Non-Interleaved Timestamp based Mode (NI-T)

e Non-Interleaved Cross-Layer Decoding Order Number(CS-DON) Based Mode(NI-C)
e Non-Interleaved Combined Timestamp and CS-DON Mode(NI-TC)

e Interleaved CS-DON based Mode (I-C)

OL T€ooeplg VEOL TPOTIOL TOKETAPIOUATOG EavA-XpnolpomoloUV Toug TPelg Pacikol TPOTOUG
TIKETOPIONATOC TIOU TIEPLYpAdTNKAV TIopartdvw Kat elonxOnkav amno to H.264/AVC. H Baowkn Stadopd
TWV AVWTEPW £lval edv eTLTPENETAL 1) OXL N TopeUPoAn LeTalt Twv NAL Units ,6nAadn v eTuTpEneTalL
petadopd twv NAL Units pe tuxala oetpd. Ou NI-T, NI-C kat NI-TC tpomol, avtiBeta pe 1o I-C, emitpEnouy
TNV OIOOTOAN TWV TOKETWV HE TNV OWOTH OEPA amokwdlKomoinong Kol ywd autd To Adyo
XPNOLLOTIOLOUVTAL QTG CUCTHUOTA TA omola amattolv pikpn kabuotépnon. H deltepn Baoikn Stadopd
TWV SLABECLUWVY TPOTIWV TIAKETOTIOINONG EXEL VA KAVEL LE TOUC UNXAVLOMOUC TIOU TIAPEXEL O KABE €voc yla
™V avakTnon HECw TwvV TOAAMAWY OUVOSWV TNG OWOTAC OElpdg amokwdikomoinone. To NI-T
XpNoLlpomolel odpayideg xpOVoU ylo TNV aVAKTNON TG OWOTAE OELpag anokwdikomoinong evw ot NI-C kait
I-C xpnotpormnololv pnxoviopoug Cross Session-Decoding Order Number. Téhog, to NI-TC apEXeL Kol TOUG
600 UNXAVIOUOUG, EVW O UNXAVIOUOG TToU Ba eKTEAECTEL TEALKA ETUAEYETAL OO TOUG OEKTEG.

O tpomog o onoiog Ba emilexBel Siémel mola oUvodog tou RTP emitpénetal , n onoia cuvodog oty
ouvexela SiEmel mota NAL Units emutpénetal va eival apeca xpnolgomnolovpeva oav wdeAuo doptio
€vOog RTP makétou. Ita MAQioL TNG OUYKEKPLUEVNG TTUXLAKNG Xpnolpomoleitat o NI-T o pia MST
LETAS00N 0 OTMOloG EMITPEMEL TNV PETADOPA Kal TNG BACLKAG KAl TNG KUN-Bacikng oPng kavovtag xpron
tou Non-Interleaved mode. Autog o TPOMOG emitpénel tnv evBuAdkwon OAwv twv NAL Units mou
Xpnotomnolouvtal and Tov Kwdlkomotntr tng nokia kat €xouv oav TUToUS amno 1 £éwg 23 , 24(STAP-A) kal
28(FU-A) o RTP maketa [5]. TEAOG, OAeg oL SopéG wdhéAou dopTiou eMITpENMETAL VA XpnoLonolnBouv
KaL XpnoLomnolouvTalL.

Avadoplkd, o pnxoviopog DON eival évag aplBuog o omolo¢ UMOoSELKVUEL TNV OWOTH OElpd
amokwOLKomoiNoNG Kol XpNOLUOTIOLEITAL YL TNV AVAKTNGCN TNG CWOTNG OEPAC anmokwdkomnoinong otav
vivetal xprion tng (interleaving) oto SST. Itnv nepintwon xprnong tou MST, o punxaviopudg CS-DON eival
pio mpoéktaon tou DON Kal XpnOLUOTOLELTAL YLa TNV AVAKTNON TNG OWOTNAC OEPAG amoKwSLIKOoinong
péow Twv Stadopwv RTP cuvodwv. H Sadopd twv avwtépw eival otL o CS-DON ypnoilomoleital
avefdptnta £av xpnotomnoleltal (interleaving) i oxt.. To gvpog Tywv tou DON eival and 0 éwg 65535
EVW €AV N T TOU GTACEL TNV PEYLOTN TOTE emiotpédel otnv T O [5].
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3.1.2. RTP Header

H eloaywyn tou RTP Header o omnolog anetkoviletal otov Mivaka viii emitpénel evOUAGKwWON Twv
NAL Units og RTP makéta [7].

NMivakag viii. RTP Header

Byte 1 Byte 2 5 Byte 3 Byte 4

012345670123456701234567012345675
viiPix e Mi PT | Sequencenumber |
o timestamp |

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Ta nmpwta 12 Bytes npénel va Bplokovtal os 6Aa ta RTP makéta , evw n Alota twv CSRC umapyet
povo Ootav n akolouBia £xel swoayxBel ypnolpomowwvrag évav peiktn [7]. ZTnv cuvéxela avaAuetal n
onpaoia twv nediwv tou RTP Header [7].

V: 2 bits

Version: NMpoabdlopilel tnv ék6oon tou RTP.

P: 1 bit

Padding: Edv oplotel auto to medio TOTE TO MOKETO MEPLEXEL £Val I} TIEPLOCOTEPQ EMLMTAEOV byte 01O TENOG

tou NAL unit Ta omola Sev gival pépog Tou wdhéAluou doptiou. To tedeutaio byte Tou padding mepléxel
Tov aplBuod Twv padding bytes ta omoia nmpénel va ayvonBolv, cupnepAapfavopévou Kal tou ikol Tou.

X:1 bit
Extension: Edv to meblo oplotel 10te 0 header nmpémel va akoAouBeital amod pia eMEKTACN EVOC EMUTAEOV
header (RTP Header Extension) [7].

CC: 4 bits
CSRC count: MepLéxel Tov aplBUO TwV avayvwploTikwy Twv CSRC oL omoiol akoAouBouv tov header.

M: 1 bit

Marker: H &lepunveia tou marker bit opiletatl and éva mpodih. Emtpémnel tnv gicodo onuadol ot
ONUAVTIKA YEYOVOTA OTMWG TOV KOBOopLoKO TwV oplwv Twv MAAlWY 1 Twv “access units”. Eva mpodid
umopel va opioel meplocotepa marker bits ) va oplost 6tL dev untapxet marker bit aA\dCovrtoc tov aptBud
Twv bits oto medio PT [7]. Kata tnv xprion tou STAP 1} MTAP to medio MPEMEeL va €XEL WG TLUH TNV TN TTOU
Ba elxe 10 teAeutaio ouoowpeupévo NALU eav eixe evBulakwBel oto &ikd tou RTP makéto(SNU). Ou
QTTOKWOLKOTIOLNTEG UMOPOUV val XPNOLUOTIOIC0oUV autoé To nedlo cav pia £vdelén tou teAeutaiou
TLAKETOU TOU “access unit”, aAAd Ba mpémel va pnv Bacilovtal og autrv tnv €veLén.[5]

PT: 7 bits
Payload type: Autd to mebio opilel tnv popdn tou wdéApwou doptiou tou RTP kat kabopilel tnv

gppnveia Tou anod tnv edpappoyn. Mia RTP mtnyn pmopet vat aA\agel tnv popodr tou wdéAou poptiou
NG Katd TNV SLApKELO HLlaG cuvodou aMd dev pmopel pe tnv xprion autol tou mediou va dnuoupyel
moAumAegia Eexwplotwv powv TOAUPECWY. O SEKTNG TMPEMEL VA OYVOEL TIAKETA T OMOL0 TMEPLEXOUV
ayvworta ‘payload types’.
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Sequence number: 16 bits

O aplBuocg akohouBiag avEavel katd éva yla kaBe RTP mokéto SeSouévwv Kat Umopel va xpnaotpomnolnBet
aro tov HEKTN yla TNV avixveuon NG anmwAela evog MOKETOU. H apxkn T Ba mpémnel va emAéyetal
Tuxaio Wote va ylvetal olo armodoTIKr Kpurttoypadnon.

Timestamp: 32 bits

OL odpayideg xpovou avrikatomtpilouv TV otyun tng detypotoAniag tou mpwtou byte tou RTP
TakeTou Sedopevwy. H atyun tng detypatoAniag mpoépxetal amnod to poAdL To onoio aufdvel povotova
KOl YPOLULKAL OTO XPOVO WOTE VOl ETLTPEMEL TOV CUYXPOVLOLO KoL TOV UTIOAOYLOMO Tou jitter. H cuyvotnta
Tou poloylol efaptdtal amd Tov TUMo Twv SeSouévwy Tou petodEpovTal Kol opileTal oTATIKA OTo
nipodiA A otnv npodlaypadr tou TUMou twv dedopévwy R Hmopel va opiletal kot Suvapkd. H apyikn
TIUA TPEMEL va eival Tuyala Omwe Kot otov aplBpd akolouBiog yla peyolutepn aocddAela KOTA TNV
petadoon(kpumtoypadnon). Eav SnuoupynBolv neplocotepa tou evog RTP nmakéta ywa éva mAaiolo
TOTE aUTd Ba £xouv OAa TtV iSLa appayida xpovou [7].

SSRC: 32 bits
Auto to mebio opilel tnv TNy Tou cuyxpoviopou. To mebio mpemel va emAéyetol Tuxaio £Xovtag we
OKOTIO Ol SLadOopETIKEG TNYEG GUYXPOVIOUOU evtoc tn¢ dlag RTP ouvddou va éxouv dladopetikd SSRC

[7].

CSRC list: 0-380 bits

H CSRC Aiota mpoaodilopilet Ti¢ cUUBaAAOUEVEC TINYEG Yo TO wdEALo dopTio Tou makétou. To medio CC
Selyvel Tov aplBUO TwV AVOYVWPLOTIKWY TToU akoAouBoUv Ta omola pmopel va ival anod kavéva €wg 15
eVWw To KaBéva €xel unkog 32 bit [7].

3.1.3. Aouéc QéAuouv Doprtiou

JUpdwva pe to mpoturo tou RTP [4], n evBuldakwon twv NALUs og RTP makéta yivetol Kavovtog
XpPNon evog ek Twv tplwv Stabéoipwy Sopwv wohéhiou doptiou (payload structure). Ot ev AOyw SOWEG
ovopalovtal Single NAL Unit, Aggregation Packet kat Fragmentation Unit. ZTnv cuyKekpLUEVN TITUXLOKN
£xouv uAormolnBei, avaAlovtal Kal cuykpivovtol Kat ol Tpeic dopéc wdEAipov dpoptiou, evw N MPWTN
Soun (Single NAL Unit) xpnowomoleital and tov kwdwormnotnth tng nokia (edv {ntnBei va mapayet RTP
TIOKETA).

Onwg avanaplotatal otnv Elkéva 11, otav yivetat xprion tou Single NALU tote to kaBe RTP makéto
TepLEXeEL €va oAokAnpo NALU, otav yivetal xprion Aggregation Packet tote meplooodtepa ToU €VOG
NALUs evBulakwvovtal o€ éva RTP makeTo Kal TEAOG Otav yivetal xprion tou Fragmentation Unit tote
pEpoc evog NALU evBulakwvetal o éva RTP makéto.

Single NAL Unit Single NAL Unit Single NAL Unit
RTP . RTP i [
1T NAL Unit 2" NAL Unit RTP Header 3" NAL Unit
Header Header

Aggregation Packet

RTP STAP-A NAL Unit NAL Unit
15'NAL Unit . 2nd NAL Unit
Header Header Size nt Size :

Fragmentation Unit

RTP FU FU 1460 Bytes Of RTP FU FU 1460 Bytes Of
Header Indicator | Header NAL Unit Header Indicator Header NAL Unit

Ewova 11. Aopég wdéApou poptiou
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O nivakag ix ouvoilel toug tumoug twv NAL Unit mou opilovtal amd to MPOTUTIO KAl TOUG
avtiotolyoug TUMOUC Twv Sopwv woEAwou dpoptiov twv RTP mokétwv[5],[6]. KaBe NAL unit to omoio
opiletal oto H.264 (tumou 1 €wg 23) umopel eite va evBulakwBel kavovtag xprion tou Single NAL Unit,
elte va ouoowpeutel kAvovtag xprion tou Aggregation Packet €ite T€A0g VA KOTOKEPUATIOTEL KAVOVTOC
xpnon tou Fragmentation Unit.

Mo va eniteuxBel n cucowpeuon N 0 KATAKEPUATIONOG Twv NAL Units dtaodalilovtag 6tL 10
woeApo doptio kaBe RTP moakétou amoteAeitar povo amd NAL Units ewonyxBnkav 6 véol Tumot
TAKETWV(24-29) £10L WOTe va xpnolponolnBouv cav Sopég whEApou doptiou. Ta aggregation Takéta
umoSLaLpouvTaL o TECOEPELG EKSOTELG XPNOLLOTIOLWVTOG TECCEPLE VEOUG TUTIOUC OL oTtolol LoyUouv Kot
yla to AVC evw ta Fragmentation Units untoStatpouvtal g U0 ekSOOELG ELOAYOVTAG LE TNV OELPA TOUG
600 Véoug TUToUC TaKETWY. MpEmel va emonuavOel otL t6co yla to SVC 600 kat yia to MVC €xouv
eloaxBel SUo véolL TUTIOL TTAKETWY pe To dvopa PACSI NAL Unit kat NI-MTAP NAL Unit. To PASCI NAL Unit
propel va xpnotpomnotnBet povo oto Single NAL Unit evw to NI-MTAP umnopel va xpnoiuomnotnBei kat oto
Aggregation Packet.

O 8£€KTtNng KAvovTaG XPron Tou MpwTtou byte tou RTP makétou (€metta anod tov RTP Header) péow
tou meblou ‘nal_u_type’ elval oe Oéon va avayvwpiost tnv Soun woéAipou doptiov TmOU
xpnotpomnotnOnke. To ev Adyw byte avefaptntou Sopng dopeitat énwe évag H.264/AVC NAL Unit Header
[6].

Nivakag ix. NALU tomot pe tig opég wdéApov dpoptiou toug

Type | Packet Type Packet Type Name
0 reserved -——=
1-13 NAL unit Single NAL Unit packet
14 NAL Unit Prefix NAL Unit packet
15-19 NAL unit Single NAL Unit packet
20 NAL Unit coded slice of MVC extension
21-23 NAL unit Single NAL Unit packet
24 STAP-A Single-time aggregation packet
25 STAP-B Single-time aggregation packet

26 MTAP-16 | Multi-time aggregation packet(2 byte offset)
27 MTAP-24 | Multi-time aggregation packet(3 byte offset)

28 FU-A Fragmentation unit
29 FU-B Fragmentation unit
30 NAL unit PACSI NAL Unit packet
31 NI-MTAP NI-MTAP NAL Unit packet

3.1.3.1. Single NAL Unit

To Single NAL Unit packet purnopet va rtepléxet povo éva NAL Unit evw o TUOG Tou TIPEMEL va eival amnod
1 €wg 23 [6] | amnod 30 £¢wg 31 [5]. Ta 3 nedia ta onola epdavilovrat (F,NRI,type) eivat o header tou SNU
o orolo¢ Bpioketal otnv kwdikomotnuévn akolouBia (H.264/AVC NAL Unit Header ) kot akoAouOsi
énetta and tov Prefix NAL Unit Header.
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Mivakag x. Aopn Single NAL Unit Packet

RTP Header Prefix NALU Header i F . NRI Type

NAL Unit Bytes

Optional RTP padding

3.1.3.2. Aggregation Packet

H doun twv Aggregation makétwv Snuioupynbnke vy va AuBoUv mpofAruota Hetafl
£TEPOYEVWV SIKTUWV (SLapopeTiko péyeBog Maximum Transmission Unit) .

KaBe NAL Unit to omoio petadépetal péow evog aggregation MOKETOU eVOUAQKWVETAL IPWTO O
€va aggregation unit. Onwg £xel €16n mpoavadepOei, umdpyxouv Tévte TUMOL aggregation MAKETWY. ITa
mAalola autig tng mruxlaky Ba avaAuBel povo o STAP-A o omolog xpnoluomolel odppayideg xpovou
(timestamps) yla TV €UpeCN TNG OWOTAG OELPAC amokwdikomoinong. [Mpénel va emonuavOesl ot 1o
Héyloto pEyeBog evog NALU to omolo evBulakwvetal o €va aggregation makeTto elvat 65535 bytes [5].

O mivakog xi avamnaplotd tnv doun tou wdéAyouv dpoptiou tou RTP yla ta aggregation moketa n
omola avefaptritou tUMoU aggregation unit mou Ba xpnowuomnotnBei Sopeital mAvVTA e TOV MAPAKATW
tpomo.

MNivakag xi . Aopny Aggregation packet

F NRI Type

One Or more aggregation units

Optional RTP padding

Mapakdtw avalvovial ol Baclkol kavoveg ol omoiol LoxUouv yla  OAoOUG TOUG TUTIOUG TwV
aggregation makETwy:

e Tomedio ‘timestamp’ mpeneL va oplotel oTo Mpwtap)Ltko NALU.

e Tomebio Tou TUMoOU ‘Type’ umopel va MAPEL we TEC TS (24) €wg (27) kat (31).

e Tomedio ‘F' dev opiletal edv 0Aa ta media F twv NAL Units eival 0 aALwg TpEMEL va OpLOTEL.

e H 1w tou ‘NRI’ mpémel va TepLeéXel TRV PeyaAltepn TR OAwv Twv mediwv NRI twv NAL Units mou
cucowpelovTal.

e To mebio ‘market’ otov RTP header maipvel oav Tiun tv Tun nov Ba eixe to teAeutaio NAL Unit tou
aggregated Takétou v elxe petadobei povo tou oe €va Single NAL Unit RTP makéTto.

TNV oUVEXEla oToV Tivaka Xii meplypadetal to Single time aggregation unit k@vovtog xprion Tou
STAP-A. To mebio ‘NAL Unit Size’ amoteAeitatl and 2 byte unodeikviovtag to péyebog tou NAL Unit mou
evBulakwvetal (bytes) cupnephapBavopuévwy Twv headers .

Nivakag xii. Aopr) tov Single-Time Aggregation unit

NAL Unit Size

NAL Unit
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Juvoyilovtag, o mivakag xiii amelkovilel tnv mANpn doun &vog aggregation RTP makétou
Kavovtag xprion tou STAP-A ( 8Uo single-time aggregation units) .
Mivakag xiii. Aggregation packet (STAP-A)

RTP Header
STAP-A NAL HDR First NALU Size First NALU Header
Second NALU Size Second NALU Header
Optional Padding

3.1.3.3. Fragmentation Unit

Auti n popdr wdEALLou dopTiou ETUTPEMEL TOV «TEPAXLIOUO» KAl TNV evBUAakwaon evog NAL Unit
OE TIEPLOCOTEPA TOU €vVOG RTP makéta. H xprion tou tepoxlopou ot eninmebo edappoyng Kal OxL o€
eninedo IP €xel Vo mAsovektuata [5]. Mpwtov, n popdomoinon tou wdEAoU PopTiou EMUTPENEL TNV
petadoon twv NAL Unit pe peyaAutepo péyebog Twv 64 Kbytes mavw amd éva IPv4 §iktuo KATL TO omoio
elvat MOAU xpriolo €8ka katd tnv petadoon Bivieo uPnAng avaluong(HD) omou umdpxel £va 6pLo
oTov aplBuo Twv tepayiwv (slices) ava mAaiolo (Umapén peydAwv NAL Units). Ae0TepoV, 0 «UNXOAVLOMOG
TOU TEMOXLOUOU» ETUTPETEL TNV edappoyr] Tou pnxaviopol FEC i ARQ povo oe ekelva Ta TEPMAXLO EVOC
Single NAL Unit ta onola €xouv aAlowwBel katd tnv petadoon. O TepaXLoUOG opileTal povo yla ta Single
NAL Units kot 0L yLa ta aggregation makéta evw va FU dev pumopet va epdwAegvel dAho FU.

O tepoylopoc evog NAL Unit amoteleital and évav aképalo aplOuo and Stadoyikd bytes evog
NAL unit. KaBe byte evog NAL Unit mpémelt va  Pploketol povo oe éva tepdylo tou NAL
Unit(Fragmentation Unit). Ta tepdyia evog NAL Unit mpémel va otéAvovtal SLadoxXlKd HE av§ovteg
apLOpoug akolouBiag(sequence numbers).

Onwg €xeL €i6n mpoavadepbei, untapyouv dvo tunot FU. O FU-A onoiog Sev xpnotuomnolet DON
Kol 0 omolog avaAUETaL KOl XpNOLLOTOLELTOL OTNV CUYKEKPLUEVN TITUXLAKD, Kot o FU-B o omoiog dtadépel
LLOVO OTO OTL KAVEL Xprion tou DON pnxaviopou (stocaywyr] evog emumAéov header prkoug 2 byte).

O Nivokag xiv avomaplotd thv popdr tng Sopnc wdélipov doptiov tou FU-A. To FU-A
amnote)eital anod Vo headers pe to 6vopa ‘fragmentation unit indicator’ kot ‘fragmentation unit header’
UNKoug evog byte o kabBévag. Ta media kal Twv Vo header avamaplotwvtal otnv Ewkdva 12 kal
OVaAUOVTaL OTNV CUVEXELD.

Nivakag xiv. Aopn tou FU-A

RTP Header = FU indicator = FU header

FU payload

Optional RTP padding
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| FUHeader | s | £ |
Ewova 12. FU-A Headers

Tooo to medio F oo kat to NRI oto FU indicator mpénel va £€0uv wg TLUEG AUTEG TLC OTIOLEG €XEL
1o H.264/AVC NAL Unit Header tou tepoytopévou NAL unit. To medio Type maipvel tnv tun 28 otav
xpnotpormoteitat FU-A kat tnv Tiun 29 otav xpnotomnoleital FU-B.

S: 1 bit
Start_Bit: Mpémnel va opiletal povo to MPWTo TeRA)Lo evog NALU evw OAa ta umtoAouma TERAXLO TIPETEL
va €xouv tnv TN 0.

E:1 bit
End_Bit: Mpénel va opiletal povo to tTeAeutaio tepdayo evog NALU evw OAa To UTTOAOLTTOL TEPLAXLA TIPETTEL
va £xouv tnv TR 0.

R: 1 bit
Reserved_Bit: 'ExeL mavta tnv TN 0 KAl ayvosital antoug SEKTEC.

Type: 5 bits
Opilel to TUMO ToU WhEALOU dopTiou Tou petadépel to NAL Unit. Aéxetal tnv TLun tou nediou type tou
H.264/AVC NAL Header.

O H.264/AVC NAL Header tou tepaxiopévou NAL Unit 6sv ouumepllapfdavetol oto
fragmentation unit, w¢ ek toUtou oUTe oTto WhEALUO PopTio, aAAd ta media F kat NRI tou H.264/AVC NAL
Header petadépovtatl oto FU indicator kot to mebio type petoadépetol oto FU header. H Ewkéva 13
avarmoplotd tnv Stadikacio petadopdc twv TiHwv tou H.264/AVC NALU Header otoug FU-A headers.

Katd tnpv Swadikaocio tou «Eenaketapiopatoc» o H.264/AVC NAL Header mpémel va
QVOKOTOOKEVAOTEL pEow Twv hearer Tou FU. Toco otnv nepimtwon tov MVC 600 kat tou SVC omou
yivetal xprion tou ektetapévou H.264/AVC NAL Header cuvoAikoU pnkoug 4 bytes,ta 3 bytes cuveyilouv
va Bpiokovtol oto wdéAlpo doptio tou NAL Unit, evw omwg sival mpodavég tonobetolvtal LOVO OTO
T(PWTO TEUAXLO Tou Tepaylopévou NAL Unit.

| Bytes 0 ' 1 ! 2 3! 4'5:6"'!7":

. H.264AVC ? 3 i

 NALUHeader . . MR Type ;

' ' v Y \'! Y Y Y Y ' ‘

| Bytes L0 1 12 13! 4 '5"6":!7:
FU indicator F NRI Type

| Bytes 0 ' 1 2 13! 4'5!"'6"'!7!
FU Header S E R Type

Ewova 13. Metadopad tipwv touv H.264/AVC NALU Header otoug FU-A headers
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3.1.4. Mnyavioudg éiaxeipiong Aadwv oto RTP entimedo(Error Resilience)

MPOKELUEVOU VA QVTIUETWILOTEL N aMWAELA TWV avaykaiwv mpog TV anokwdikonoinon headers, évag
RTP aAyoplBuog avakaudng and opdipata Baoiopévog otnv FU dour wdéApou doptiou ulomolnbnke
otov RTP depacketizer. O ev AOyw pnxaviopog eival oe B€on va avOKATOOKEUAOesL (og emimedo
edappoync) O6Aoug toug yauévoug¢ NALU headers kal va emutpéPel otov amokwdIKOmolnt va
avayvwplosl kal va amokwdikomotoel 0Aa ta mAaiota (NALUs) tou Bivteo kat twv duo oPewv. Qg ek
TOUTOU, O TIPOTELWVOUEVOG aAyOplOUOC PBEATIWVEL ONUAVTIKE TNV OVTIANTTA  TOl0TNTA.  TOU
omokwdkomotnpévou Bivteo.

Molo ouyKekplUéva, amwAele¢ mAalciwv ocuppaivouv ouyvotepa Otav €va oAokAnpo mAaiolo
evBulakwvetal povo oe £va NALU. e autiv tnv nepintwon, o H.264/AVC NALU header evBulakwvetal
povo oe €va IP makétro. Otav éva TETolo MoKETo xabei, o amokwdikomolntig Sev eival oe Béon va
avayvwpiosl tov tUmo tou NALU , £xovtoc w¢ amotéAsopa thv anoppun 6Aou tou NALU( mAatoiou) .

O npotelvopevog alyoplBuog o omoiog avamnaplotatal otnv Ewkova 14 Baociletal oto yeyovog OTL Ta
ovaykaio media tou H.264/AVC Header Bpiokovtal os OAa ta FU’s evog NALU kat mepllopPdvel ta
akolouBa Brparta:

1. Ortav o de-packetizer avakaAUTITEL OTL TO TPWTO TeEUA)Lo Tou NALU Asimel.

2. Wayvel ota endpeva tepdyta tou dtou NALU vo avakoAUYel €va Tepdxlo To omoio va €xeL
petadoBel xwplc opaipara.

3. Metd tnv avakdAudn evog tétolou tepayiou, avtlypddel TIC avaykaieg TUES amd Ta edia Tou
“FU Indicator” kat tou “FU header” kalL ovakoataokeudlel Tov avaykaio ylo tnv
anokwdikoroinon H.264/AVC NALU header.

4. TéMlog, o de-packetizer amoppintel Ttoug untodounoug RTP headers kat anoBnkevel 1o WPEALLO
doprio.

RTP PACKETS Depacketizer Buffer

1t Fragmentation Unit

H.264 AVC NALU Header[<:
O RTP Header FU I%ator Fu%der NALU Payload(1/3) i

2" Fragmentation Unit O

O { RTP Header FU I%ator FU Header NALU Payload(2/3) t---- >t

— NALU Payload [—

3nd Fragmentation Unit

{ RTP Header FU Indicator FU Header NALU Payload(3/3) pre==s

. H26aAVC i e
O ' NAW Header | @ NRL Type i

Ewova 14. MpoTEVOUEVOG UNXOAVIOHOG Staxeipiong Aabwv
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3.2. Streaming npwtokoAAa

To Baoikoé mpwtokoAAo cuvexng pong MVC Bivteo To omoio elval n texvoloyia atyung ival To
RTP/UDP/IP(User Datagram Protocol). To RTP mdvw amo DCCP/IP (Datagram Congestion Control
Protocol) eivat to mpwtokoAAo emMOpEVNG VeVLAS evw to TCP/IP €dv kal £xeL TumomotnBei yla tnv xprion
tou pe to RTP, 6ev xpnolpomoleitol cuxvd Aoyo tng HeydAnc kabuotépnong mou Snuloupyel n
eykaBidpuon clvdeong Kat n d10pOwaon Aabwv.

Yrnapxouv téooeplg ApxLtektovikég 3DTV streaming [2]:

1. Server unicasting (og éva TEPUOTIKO)

2. Server multicasting (o€ mMOAOAQ TEPUATIKA)

3. Peer-to- Peer (P2P) unicasting (to ka0e TepUATIKO MTPOWOEL T TTAKETA TOU 08 GAAO TEPUATIKO)
4. P2P multicasting(to kdBe TepUATIKO TPOWOEL TA TTOKETA TOU O TIOANATAG TEPUATIKA)

3.2.1. UDP over IP

To UDP/IP 8ev gumeplEXEL KATIOLO pUNXaviopd eAéyxou oupdopnong kot dev eyyudrtal afldmiotn
gmukowwvia [2]. Zto MVC, o peydhog OYKOCG TNG TPOG ATOCTOANG MANpodopiag UMopel va POoKAAETEL
Katdppeuon edpocov Sev yivetal EAeyxog oupdopnong. Mapoia autd, T6o0 oL epapUOYEC NXOU OCO Kol
ol ebapuoyEG Bivteo (streaming) MPOTIHOUV AUTO TO MPWTOKOAAO adoU yla TG ePapOYEC QUTECG TO
ONUOVTLIKOTEPO £lval TA MOKETA Vo TapadoBoUv OToV TAPAANTITN O€ ULKPO XPOVLKO SLACTNA WOTE Va
MNv umdpxel Sltakomn otnv por). Mpémnel va Toviotel OTL oL edpaployEC oL OMoieg XpnOLUomMoLoUV To
npwtokoAAo UDP Ba mpémnel va eival og B£on va ayvooUlv KAmola oAAOLwon TwV TOKETWY 1} OKOUA Kal
OAOKANPEC AMWAELEG TIAKETWY OVAAOYA HE TLG CUVONRKEG TIOU EMIKPATOUV OTO KAVAAL peTadopds. Katd
v petadoon, ta Slaypappata dev aplBuolvrtal, ondte o §€KTNG ta AapuBavel e tuxala oslpd. H Etkova
15 avamoplotd éva Baotkd Sidypappo evog Slakoplotr kot evog xpnotn (unicasting) ot omoiot
cuvbovral péow evog socket kat petadépouy ta akéta (datagram) Toug HECW AUTWV.

Server Client

Open Socket

Bind the Socket

Open Socket

Send Datagram's rd Receive Datagram's

Close Socket

Close Socket

Ewova 15. UDP Datagram

3.2.2. DCCP over IP

To datagram congestion control protocol (DCCP) oxebtdletat yia tnv aviikatdotoon tou UDP kat
«TPEXEL ameuBeiag mavw amno to Internet Protocol (IP) yia va mapéxel éheyxo ouudopnong oAAd xwpig
mAnpn aflomotia [2]. To DCCP umopel va avamopootabel wg TCP xwpic aflomiotia kal petadopd
Sebopévwy oe oelpd , N oav UDP kdavovtag xprion €heyxou ocupdopnong, eykataotacn ocUvoeong Kot
BeBalwoswv owaotng AnPng(acknowledgements).
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To DCCP/IP eival évo mpwtokoA\o petadopdg mou vlorolel audidpopec cuvdeoelg unicast pe
xpnon eAéyxou ocupdodpnong oe avaflomiota Siktua. Mapd tnv avaflomotn por makétwv, to DCCP
TapEXEL aLOTLOTEG XEpaPieg yia TNV eykaBidpuon Kal TNV SLOMPAYUATEUCH TWV XOPAKTNPLOTIKWY TLG
oLVEEONC eVW EMioNG TTAPEXEL LNXAVIOUOUC TUNUATIKOU gAéyxou cupdopnonc. Xto DCCP opilovtat dUo
pnxaviopot ehéyxou oupdopnong, £vag ek Twv omolwv emAéyetal Katd tnv eykabidpuon tng cuvbeonc.
Ovopaotika sival to TCP like Congestion Control kot to TCP-Friendly Rate Control (TFRC).

To TCP-like Congestion Control mpoodiopiletat and 1o Control Identifier 2 (CCID2) oto DCCP, kot
OUUTEPLPEPETAL TIOPOMOLA LE TO HMNXOVIOUO eAéyxou oupdopnong AIMD (Additive Increase /
Multiplicative Decrease ) tou TCP. O &v AOyw HNXOVIOHOG Sixotopel To mapadbupo €nelta amd TNV
OMWAELA EVOG TIOKETOU. EDOpUOYEC TTOU XPNOLUOTOLOUV QUTOV TOV UNXAVIOUO eAéyxou cupddpnong Ba
avtanokplBouv ypriyopa otig oAAay£g tou Stabéoipou elpoug {wvng, al\d Ba TTPEMEL va Elval OVEXTIKEG
OTLG AMOTOMEG aAAayEC Tou eyEBoug Tou mapabupou cupdopnonc.

AvtiBeta to TFRC mpoobdlopiletatl and 1o Congestion Control Identifier 3 (CCID3) kat sival pia
pHopdrn eAéyxou pong PBoolopévn ot €LCWOELS TIOU €AQXLOTOTIOLOUV TIG OTOTOMEC OAAAYEC pubuou
petadoons. Eival kataAAnAdtepo yla ebpapUOYEC TTOU TPOTLUOUV £vav TOWO OUOAO puBuod petdadoong,
OUMMEPAAUPBAVOUEVWY TWV EGOPUOYWV LETASOONG TTOAUPECWYV HE ULKPO 1 LETPLO buffer otov 6€ktn. To
CCID3/TFRC umoloyilel £€va emitpendpuevo mooootd amootoArg (pubuog TFRC) xpnolpomowwvtag tnv
eflowon amodoong tou TCP n omola mapéxetal otnv €popUoyr OIMOCTOALN KOTOTILV Olthoewd. O
OTOCTOAEQC UTIOPEL VO XPNOLUOTIOLROEL QUTEG TIG MANPodopiec pubuou ylo va TPocapUOcEL ToV pubuo
petadoong tou.

3.2.3. At6pdwon opaAuatwv ustadoong (Error Correction)

OL edappoyég streaming «umodEpouv» Mo ATMWAELEC TOKETWV £hOCOV TA TEPLOCOTEPQ
TPWTOKOAAQ amoppintouv 0AGKANPO TO TTAKETOU OTAV OUTO £Xel aMowwBel [2]. ESIKA otnv mepintwon
ooUpUOTWV ouvbéoewy, n Umapén Sladpopwv edwv BopUBwv Kkal mapepuBolwv oto €(6n uMapyxwv
Tieploplopévo gvpog Twvng mpokadel Siaitepa auvénuévn cupddpnon. Exouv avamtuxBel Siddopeg
TEXVIKEC amoSOTIKAC petddoong akohouBLwy PBIVTEO KATIOLEC £K TWV OMOlWV avoAUovTolL G QUTHV TV
evotnta (Automatic Repeat Request , Forward Error Correction, Flexible Macroblock Ordering).

H xpnion tou ARQ amattel pnvopota avadpaong(ACK) ta omoia mAnpodopolv Tov SLaKoULoTH
yla Tnv owotr ANPn Tou MaKETou. AUTOG O HNXAVIOUOC £lval QIMOTEAECUATIKOC OTLG OMWAELEG TIOKETWV
oAAQ TpokaAel TOAU peydAn kaBuotépnon. Omote eival MPOTIUOTEPN N XPHON TIEPLOPLOUEVOU XPOVOU
ARQ oe eninedo edappoyng (UDP 1 DCCP) emitpémoviag TNV OVAUETAS00Nn HOVO €VTOG HLOC
TIEPLOPLOUEVNC XPOVIKNG TEPLOSOU amd tnv Xxprion tou TCP omou yivetal aneploplotn xprion tov ARQ oe
eninedo Sictuou.

Y& mepintwon o6mou &ev eival duvatny n xprnon kavaAlou avadpacng, pnopel va yivel xprion
TEXVIKWV KwdLkomoinong kavaAlwyv onwcg to epyalsio FMO tou H.264/AVC 1o omnoio taflvopei ta Macro
block Twv tepayiwv oe opadeg aviong avaykatotntag. OL cuotnuatikol LT KwdIKeG Xpnolonotlouvtal
yla tnv poPAePn Aabwv Adyw TNG XAUNANG TOAUTTAOKOTNTAG TOUG Kat TNG uPnAng anddoong toug. O
BEATIOTOG TPOTMOG OMAdOMOINONG TwV TEMAXIWV KAl TNG KATOVOUAG TOU PuBpol Twv KavaAlwy
koBopilovtalt amd €vav emavaAnmuikd oAyoplOpo BeAtiotonoinong Paclopévo oto  SuVALKO
Tipoypappatiopnd [2].

Mua e€ehyuévn xpron FEC pnxaviopoU o€ oTepeooKoTko Bivteo yivetal taflvopwvrag to
mAaiola cuudwva pe T cUPPBOAR TOUG OTN YEVIKA ToOLOTNTA. H anmwAsla evog I-frame mpokaAel peydeg
SlaotpePAwoelg Adyw g Stadoong Aaboug, ya autov Tov Adyo Tta I-frames mpémel mpootatevovrtol
neploootepo. Ta P-frames tng Baoikng akolouBiag sival onupaviikdtepa dedopévou OTL pmopouv va
KwdikomolnBoLV xwpig tn Bonbela mMialciwv GAAwV oPewv. TUUPWVA PE TOUC MOPATTAVW Kaboplopoug
Lepapyia¢ mialciwv Stapopdwvovtal Tpla oTpwuaTa. AUTA Ta TPl OTPWUATO TOU OTEPEOCKOTILKOU
Bivteo umopouv va xpnotpomnotnBouv yla tnv avion npootacia AaBoug (unequal error protection) (UEP).
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Kedalaro 4o. YAomoinon - AnoteAéopata

JTOXOL QUTAG TNG MTUXLOKAG €lval n Slepelivnon tng pelwong tng avtlAnmeng molotntog twv MVC
oKoAouBwwv Emelta and TNV UETAS00N TOUG O KOVAALA LE QTWAELEC, N EUPECH TOU TMAEOVACUOU O
omolog mpooTiBeTal Katd TNV KwdLIKomoinon Kal Tnv maketonoinon ¢ akoAoubiag kol TEAOG n eVpeon
TOU TOCO0O0TOU TWV TAALCIWV TIOU YAvovTal KATtd TNV HETAS00N TOUG O KAVOALQ UE OTMWAELEC. TNV
evotnta 4.1 8idetal o Tpdmoc pe tov onoio vlomotifnke to MVC cUotnua evw otnv evotnta 4.2 Sidovtat
O\t T TTAPATIAVW EPEVVNTIKA QAMOTEAECHOTA.

4.1. YAomnoinon

Ztnv Ewkéva 1 yivetal avamapdotacn tng MAaThOppag ou dnpoupyndnke yla tnv dte€aywyn twv
TELPAUATWY TNEG CUYKEKPLUEVNC TITUXLAKNC. H petdadoon MVC akoAouBuwv péow IP MITUYXAVETAL LLE TNV
XPNon apketwv epyoieiwv. MNpwtop)lkd katackeuadotnke o MVC RTP MST Packetizer kai Depacketizer
XPNOLLOTIOLWVTAC WG YAWOOA TPOYPOUUATIOHOU Thv C, evw £metta Snuoupynbnke évag Multithreading
MVC MST UDP/IP Server kat Client otnv java ywa tnv petadoon twv IP makétwv oto Siktuo. Ma tnv
Kwdikomoinon twv MVC akolouBlwv xpnolomnolBnke o KwSLKOTONTHG CTEPEOTKOTILKWY OKOAOUBLWY
™G nokia evw yLa tov €Aeyxo Tou SIKTUOU XpnaoLpomol)Bnke to avolytol kwdika epyaieio Dummynet.

4.1.1. H.264/MVC MST RTP Packetizer

O RTP Packetizer kotaokevdotnke  yw va OSnuioupyel RTP mokéta pag H.264/MVC
Kwdkomotnuévng akohouBiag avefaptntou av ta NALUs mepléxouv €va oAOKANPo MAaioLo 1} LEPOG TOU.
Eival oe Béon va &nuoupynosl RTP makéta kavovtag xpron oAwv twv Sopwv wdéAlpou doptiou mou
opilovtal amno to mpoturo (Single NAL Unit , Aggregation Packet(STAP-A), Fragmentation Unit (FU-A)).

H Ewova 16 avamnaplotd to “Flow Chart” Sidypappa oto onoio eunepléxovral ta Baoikd Brpato
Tiou ekteAel o RTP Packetizer (ué€Bodog main). Adyw Tou peydhou oykou tng mAnpodopiag, sival duvatn n
METEMELTO AVAAUCH LOVO TWV TPLWV BOCIKWV CUVAPTHOEWY SnuLoupyiag RTP makéTwy .

Ave€aptritou tpomou kwdikoroinong (1 NALU/Frame r} more NALUs/Frame) o RTP Packetizer katd
™V Xpnon tou SNU evBuhakwvel kaBe NALU oe éva RTP maketo. Katd tnv xprion tou STAP-A, o aplBudg
Twv cuoowpeupévwv NALUs ava RTP opiletat povo eav kaBs NALU mepléxel éva oAOkAnpo mAaiclo evw
€av KaBe mAaiolo evBulakwvetal og Meplocotepa Tou evog NALU tote autduata oAa ta NALUs kabe
mAatoiou evBulakwvovtal o €va RTP nakéto. TéEAog, n xprion tou FU eival Suvatn povo otav kabe NALU
TiepLEXEL €va oAOKANpPo mAaiolo, epooov Sev uTtapxeL AOYOC TIEPETALPW KATAKEPHUATIOUOU TWV 16N UIKPWV
NALUs( 512 ,1024 , 1500 bytes). ¥to FU umdpxet n SuvatdtnTta opLopol Twv aplOpwy Twv TERaXiwy avd
NALU evw o Ttolo «€EUTIVOG» TPOTIOG €lval 0 OpLOUOC Tou peyéBoug tou kabe FU (oe Bytes).
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Parse command ling
arguments

Start - -
~
N " packetization s
o -~ mode? /

STAP-A
" 1 NALU per

ST — Frame?

—Yes
| No need of
""""""" - Fragmentation fes

—1

[ Set the Number
of the NALU's

Auto aggregation
one Frame NALUs in

Open coded files \
“MVC or ™
AVC?

Find the Number
and the length of all

| Set the Number of bytes
per FU {or

I—Yes No
L |

| Read one
NALU from

Create NALU info
file

| Read one
NALU from

Packetize and Store
Parameter Sets

T —_— Na
" First Aggregated
NALU of the

Packet?

No

Create RTF and STAP-A Create an aggregation unit

eaders

I Store
agoregated

-~ Is Last

NALU?

Yes

I

Close Files Yes

Ewéva 16. Flow Chart Staypappa tou H.264/MVC RTP MST Packetizer

3.1.1.1. Suvaptnon dnuouvpyiag Single NAL Unit nakétwv

H Ewova 17 avamnaplotd to “Flow Chart” didypappa tng ouvaptnong énuioupylag SNU
MakETwV. H ev AOoyw ouvaptnon kaleite and 1o Paockd alyoplBuo (main) mou avamaplotatal otV
Ewova 16 ( “Create a SNU packet” ). H evBuhdkwon tou kaBe NALU og éva RTP MOKETO yilveTal KAVOVTag
xpnon tng SNU Soung, omote n mopakdtw cuvaptnon KoAeite yia kdbe éva NAL Unit kat twv duo
oewv ¢ Kwbdlkomolnuévng akoAouBiag. Ta idta RTP moakéta dnuloupyolvtal t6co amd tov RTP
Packetizer (SNU &oun) tooo kat amoé tov kwdikomowntr tng nokia, ondte o RTP Depacketizer sivat
OUMBATOC Kat pe Ta SUo epyaleia.

To UELOVEKTNMO XPong autng Tt Sopnc wdéAlpou poptiou elval OTL 0TNV MEPLMTWON TIOU TO
kaBe mAaiolo evBulokwvetal oe éva NALU umdpyxel to mpoPAnpa tng amwAeslag evog oAdkAnpou

mAawoiou otav xabel o povadikog H.264/AVC NALU header mou evBulakwvel kot mpoodlopilel to
OUYKeKpLEVo NALU.
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i/-Sta rt-H:l

| Generate & Store
/ RTP Header

) !

[ Find & Store Prefix 3 Find & STORE

NALU Header to RTP coded slice_of
| Buffer | MVC extension

Y,

/Find & STORE
H.264/AVC
| NALU Header

- Is Base -

"y Store NALU payload to RTP
Buffer

Ewova 17. Zuvaptnon tou Single NAL Unit

4.1.1.2. Suvaptnon énuloupyiag Aggregation makeTtwv

H Ewova 18 avamoaplotd to “Flow Chart” Staypappa tng cuvaptnong dnuloupyloag Aggregation
TakeTwy (STAP-A). H ev Aoyw cuvaptnon kaleite and 1o Bacikd alyoplOpo (main) mou avamnaplotdral
otnv ewkova 16 ( “Create an Aggregation Unit” ). MNa tnv evBuAdkwon OAwv Twv aggregation unit o éva
RTP makéto yivetal eloaywyn tou RTP kat tou STAP-A header povo oto mpwto aggregation unit. H
evBuhdakwon twv NALUs oe aggregation units (STAP-A) yivetat pe tnv elcaywyn tou NALU Size header
TPV amo TNV évapén tou wdEAou doptiou Tou ekdotote NALU.

To mAgoVEKTNMO XPAONG OUTAG TNS Soung wdEALLOU GopTiou Oe OXEDN LLE TIC UTIOAOLTEC Elval OTL
£L0AyeL TO HKpOTEPO “overhead”. To pelovekTnua xpriong autng tng Sopng wdéhou doptiou sival otL
otnv nepintwon mou Kabe mAailolo evOulakwvetal os éva NALU cuvexilel vo umtdpxel To mpoBANUa Ttng
onmwAELOC evoc oAOkANnpou mAaloiov €mewta amd tnv anwAela tou H.264/AVC NALU header mou
evBulakwvel To ouykekplpévo NALU.

[ Start
h"

. :“a STAP-A NAL HDR=0x38 |-,
. bin: 00111000
aggregation

unit? /| Dec: F=0,NRI=1,Type=24 I

f ! STORE

| H.264{ AVC —- Store MALLU pawnad(
[ | NALU Header A
| Generate & Store \
: RTPF Header

. | .| store Prefix
[E— Smre(j NALU Header

|f.
. End

I.I STAP-A Header

b

=

/ 8 [STORE coded
‘“HI Generate & Stare II sllc-:.- of MVC
MALLU Size Header | extenslon

Ewova 18. fuvaptnon tou Aggregation Packet (STAP-A)
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4.1.1.3. Zuvaptnon énuoupyiag Fragmentation Unit moKETwY

H Ewova 19 avamapotd to  “Flow Chart” &udypappa tng ouvaptnong Snuioupylag
Fragmentation Units (FU-A) . H ev Adyw ouvaptnon KoAeite anod to Baocikd aAyoplBuo (main) Tmou
avamnoplotdral otnv ewkova 16 ( “Packetize one NALU” ). N tnv dnuwoupyia RTP nakétwv (FU-A), évag
Bpdyxoc emavohappavetol tooeg popec doa sival to tepdyla tou kabe NALU.

KaBe NALU pmopel eite vo kotakepuotiletal o €vav CUYKEKPLUEVO aplOpd tepaxiwv avd
maiolo ( kaBe RTP makéto mepléxel €vav tuxaio aplOud amo Bytes) elte va evBulakwvel éva
OUYKEKPLUEVO 0plBUO amod bytes ava tepdylo (tuxaiog aplBuo tepoyiwv). Katda tnv deltepn Stadikaoia,
T0 pUéyebog tou wdEou doptiov mou evOuAakwvetal os KABe RTP makéTo eAEyXETOL £TOL WOTE VA NV
Eemepvasl to MTU size. EmumpooBeta, yia kdBe RTP makéto slodyovtal 4 bytes mAeovacpoul yla
HeANOVTIKN XPAON evw oTo TeAeuTaio Tepdylo tou kaBe NALU swodyovtal toéoa byte mAeovacuol 6oa
glvat avaykaia yla tnv cupmAnpwon tou teheutaiou FU.

To MAEOVEKTNUA XPAONG QUTAG TNG SouNG WhEALLOU POPTIOU OE OYEDN LLE TLG UTIOAOLTEG Elval OTL
Sivel tn Suvatotnta Sidowong twv xapévwyv H.264/AVC NALU Header omdte kol Twv avtiotolywv
mAatolwv (3.1.4). AvtiBeta, TO HELOVEKTNHA XPriONG AUTAG TNG SounG wdEALLoU popTiou elval OTL elodyel
OPKETA PEYAAO TIAEOVAOO.

I:;-Sta rt .. |

Generate & Store End B
| RTP Header :

|' Generate & Store Redundant

[  Generate &
Store FU-A f========m======
I'. Indicator

bytes If necessary to fulfill the
last fragment

T

.

o

‘ Generate & Store Hex: Ox3c
B Handss bin: 00111100
; Dec:F=0,NRI=1Type=28 | . 25Lasl “~  rrens

Is First
Fu?

Leave 4
Reserved
| Bytes empty

"

."Find B Store Prefix | Erase H.264 |
NALU Header to / AVC NALU | Store NALU payload to RTP
| RTPF Buffer | Header [ Buffer

,

Ewova 19. Zuvdaptnon tou Fragmentation Unit(FU-A)
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4.1.2. H.264/MVC MST RTP De-Packetizer

O RTP De-Packetizer kataokeudotnke yla va Eemaketdpel ta RTP makéta (SNU , STAP-A , FU-A) ta

ormoia AauBAvelL TO EKAOTOTE TEPUATIKO Kol TEPLEXoUV 10 wheAuo doptio pag H.264/MVC
KWAELKOTIOLNUEVNG akoAouBilag. Z& YEVIKEC YPAUUEG EKTEAEL TNV avtiotpodn Sladikacio and autiv tou RTP
Packetizer, Opwg umapxouv OUWC KAToLEC ertAéov «SuokoAiec» otig omoieg Oa mpénel va elval os Oon
va avtanefeABeL:

‘EAeyxo¢ G Sopng tou woéAuou ¢optiou Tou £xel XpnoldomolnBel Katd Tnv MaKetomoinon
(“Search the payload structure ”). Autiv n Slwadikacia ylvetal eAéyxovtag tnv TR Tou type
(5 teAeutaia bit) Tou mpwtou byte énetta and tov RTP Header. Edv €xeL yivel xprion tou SNU tote
€va Prefix NalU Header Ba mpémel va umtdpxel oe autiv thv B£on €xovtag oav Tun oto nedio type
Tov aplBuod 14 (DEC). EGv €xeL yivel xprion tou STAP-A tote Oa mpémnel va umapyetl Evag STAP-A
Header pe tipn 24 (DEC) , evw téAog edv €xel yivel xprion tou FU-A tdte évag FU-A Header Ba mipérmel
Va UTtAPXEL Ke TNV T 28(DEC).

AVEKTIKOTNTA OTLG ATWAELEG TIOKETWV.

EUpeon tou aptBpol twv RTP makétwy Kot tou pey£éBouc tou kaBe RTP makétou ( “Find the number
and the length of all the RTP packets” ).

MNa tnv Stadikacio tou FU-A Depacketization:

o Ynapyouv dUo SlaBéoueg cuvapthoelg Eemaketapiopatog. H cuvaptnon mou Ba ekteleotel
eTUAEyeTal oLUdWVA E TOV TPOTIO LE TOV OTIOLO €XEL YivEL N TtakeTomoinon. O MpwTtog TpOmog
SlaBétel otabepo apOud tepayiwv avda mAaioto (FUs/NALUs) kat petaBAntd uprkog RTP
TIAKETWVY eVW 0 8eUTEPOC TPOTOC SLabEtel otabepod péyebog RTP makétwy (Bytes/FU).

o Npénelva yivetal adaipeon OAng tng axpnotng mAnpodopiag(redundant Bytes).

o 0O H.264/AVC NALU Header Ba mpéemnet va avakotaokevdletal péow twv FU indicator kat FU
Header. Eav o évag N kat ot 8Uo Headers €xouv xaBel katd tnv petadoon tote o Depacketizer
elval oe Béon va avakatookeudoel tov H.264/AVC NALU Header XpnolUOTMOLWVTOC TOUG
Headers twv emopevwv FUs tou (6lou NAL Unit. Autd €xeL cav QmoTéAECUA O
arokwdLkomoLntng va eivat og B€on va avayvwpllel kal va anokwdikomolei OAa ta mAaiota.

»  Katd tnv dtadikaoia Eemaketapiopatog RTP makétwv mou kavouv xprion tng SNU kot STAP-A
Sdoung dev sival os Béon o RTP Depacketizer va ovakotackeudoel Toug xapévoug H.264/AVC
NALU Headers, omote eival aduvatn n Sltdowon twv Xopévwv mAalciwv. Avti autou, sivatl
Sduvatr n avelpeon tou aplOpol Kal Ttng B£ong Twv YOUEVWY MAALOLWY £TOL WOTE va eival
Sduvatr A xpron Tou pnxaviopou avtlypadnc mAatoiwy.

Ytnv ewova 20 yivetal avanapdotacn tou “Flow Chart” StaypAdppatog To onoio mepléxel Ta Bactkd

Brijuata rov ektelet o RTP De-Packetizer (u€608og main).
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Ewkova 20. MVC MST RTP Depacketizer

J€ QUTAV TNV EVOTNTA AVOAUETOL TO EPYAAELO TO OTOLO KATOOKEUAOTNKE Yl TNV HETAS00N TWV
MVC akolouBwwv. Onwg ametkoviletal otnv Ewkova 21, o MVC MST UDP/IP Streamer amoteAeital and

Tpeig KAAOELG:

1. H kAdon "QuoteServer’ mepléxel TNV LEBoSO “main” n omola S€xeTal and tov xprotn tnv IP kat
TO HéyeBOG TOU TOKETOU .

2. H kAdon ”EstablishConnection” péow tng Lebodou

“sendParameterSets()” (kaleite amd tnv

“main”) dnuoupyel éva kavait onuatodociog ( TCP / IP) yia aodpair petadoon tou SPS kat PPS
otav kamolo teppatikd Intnoet tnv AAYPn kdamowc 3D ;1 2D akolouBiag HEOW TNG
“recognizeAvcOrMvcTrasmission()”. Auta ta Sedouéva ocUUE@EWVA UE TO MPOTUNO MPEMEL VAl
otéAvovral nipv thv MVC akodoudia kavovtag xprion evog a&lomiotou kavaiiou. Eneito anod
TNV amootoAr tou SPS kat tou PPS, péow tng pebddou “execute()” tng kAdong “ExecutorService”,
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4.

koAelte n péBodog “establishUDPConnection()” 6VUo ¢opég (MVC) n uia (AVC) £tol wote va
EKTEAECTOUV TOOA VILATO OOEC £(vVaL KaL OL TTPOG ATTOCTOAN akoAouBieg.

H kAdon “QuoteServerThread” MAettoupyel kdvovtag xprion vnudtwv £docov UAOToLlEL Thv
Slenadn “Runnable”. O KATAOKELOOTHG TNG, EKTOG TwWV AAAWY, SEXETOL TOV APLOUO TNG TOPTOC
adol 1o Kabe vApa Ba Snuioupyel To SLIKO TOU KAVAAL ylot TV OMOOTOAN TG KABe akoAouBiag
(MST). Emetta, pe TNV xpnon tng pebodou ‘SocketConnection()’, amootéAAovtal OAa Ta TAKETA
(“getNextPacket()”) péow UDP/IP .

Otav 6As¢ ol akolouBisg petadoBbolv | n oclvdeon pe Tov xpnotn £xetL xobei téte o Server
EVNUEPWVEL TOV XPOTN OTEAVOVTAC EVa MAVUHA «EL8IKOU okomoU» peow tng “informClient()” kau
KAVeL emavekkivnon puéow tng “restartServer()”.

pkg MVC MST UDP | IP Server ]

QuoteServer

¢ main(in args:String[*):void

|

TCP !/ IP Connection 5 ] EstablishConnection

UDPAP Connection 5

g1 avchvcChoice:int

g1 host:String

g1 PacketSize:int

gl lefiCounteriong

g1 rightCounterlong

gl leftfileFie

&1 rightfile:File

&1 nallBytes:File

[1 baseViewThread:QuoteServerThread

[1 non_baseViewThread:QuoteServerThread

(} aconstructors EstablishConnection(in host:String, in PacketSize:int)
recognizeAvcOrMveTrasmizsion(in sock Socket):void
sendParameterSets()void

@
o
@} establishUDPConnection():void
>

restartServer():void

«interfaces
Runnable
+baseViewThread +non_baseViewThread ﬂ
QuoteServerThread

threadMame: String
packetSize:int
moreQuotes:boolean
receiverBuf:byte[*]
buf:byte*]

socket: MulticastSocket
packet!:DatagramPacket
packet2:DatagramPacket
file:File
fiz:FilelnputStream
bis:BufferedinputStream

aconstructers QuoteServerThread(in host:String, in packetSize:int, in file:File, in counter:Leng, in pert:int, in threadName:String)
run(}:void

getNextPacket():void

socketConnection():void

informClient():veid

Ewoéva 21. MVC MST UDP/IP Streamer
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4.1.4. MVC MST UDP/ IP Client

Y€ QUTAV TNV EVOTNTA OVAAUETAL TO EPYAAELO TO OTOLO KATAOKEUAOTNKE yla Tthv Andn twv MVC
okohouBwwv. Xtnv Ewkova 22 amnetkoviletat o MVC MST UDP/IP Client o omolog 0 YEVIKEC YPAUUEC KAVEL
tnv avtiotpodn dtadikacia and autniv Tou Streamer.

H Baowkny Sladopormoinon tou sival n xpnon plag enutAéov KAAong pe to évopa “GUI” n omola
ekteAeltal and tnv ‘main’ otav ekteeotel to mpoypappa. Auth n KAAon €Xel wg oKomo TNV gudavion
KOTA TNV ekTéAean evog ypadikol mapabipou yia thv Aoy Twv Mopapétpwy petdadoong (MVC/AVC,
Payload Type , Number of NALU’s per Frame, IP packet Size , Server IP,Number of Re-Transmissions) evw
£MIONG TIAPEXEL TOV CUYXPOVIOUO TNG ARPNG Kal amokw8IKomoinong Twv makETwy. Otov To KOUMTi tng
vpodkng epappoyng natnbei, tote n ecwtepikr) kKAdon “ButtonHandler” koleitol ylo va eme€epyaotel Ta
Sebopéva tou XpAotn Kot va ekTeAECEL TNV KAAon “EnstablishConnection” 1doec dopEC GOEG TOU OPLOE O
xpnotng upéow tou medlou ‘Number of Re-Transmissions’. OL akoAouBieg Eemaketdpovral Kal
amokwdikomolouvtal HEow Twv HeBOdwY “ depacketize()” xal “ decode()” tng kAdong “ProcessFiles” oL
omoleg kahoUv ta epyaleia tou RTP Depacketizer kat tou nokia MVC Decoder. MpéEmeL va TOVIOTEL OTL TO
OUYKEKPLUEVO YpadIkO TepBAAAOV SEV KOTAOKEUAOTNKE YLOL TNV XPON TOU QO TMPAYUATIKOUG XPHOTES
OAAQ yLO TNV YPNYOPOTEPN EEQYWYH TWV TIELPAUATIKWY ATIOTEAECUATWY TNG CUYKEKPLUEVNC TITUXLOKAG.

H néBobocg “PrintStatistics()” Slvel tnv duvatotnta tng TMPOPBOANG Kal TNG amoBrkeuong Twv
OTOTLOTIKWY OTOLXELWV TNC EKAOTOTE HETASOO0NG. TOl OTOTIOTIKA OTOLXELO TIEPLEXOUV TOV XPOVO HETAS00NG
Twv akolouBwwv “getStartTime() - getEndTime()”, tov aplBud Ttwv bytes mou AndOnkav
“getBytesWriten()” , tov aplOpud twv bytes mou xabnkav “getByteslLost()” kaBw¢ kal tov pubuo
OTMWAELOC TIOKETWY TIOU EIXE TO KAVAAL.
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Ewkéva 22. MVC MST UDP/IP Client
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4.2. AnoteAéouara

H mpwtn evotnta autol tou kepoahaiou umoloyilel kal avaAUEL TOV TTAEOVACO TOV OTIOLO ELCAYETAL
KOTA TNV Kwdlkomoinon Kkal tnv maketonoinon twv MVC akolouBwwv. OL emopeveg dU0 evOTNTEG
QVAAUOUV TIG EMUMTWOELG TN PeTadoong MVC akoAouBLwv o KavaAla pe amwAeLleG. OL CUVETIELEG QUTEC
elval eite n anwAela oAokANpwv mMAaloiwy eite n peiwon tng mowotntag tou 3D Bivreo (PSNR).

Ta XOpaKINPLOTIKA Twv okoAouBwwv Pivteo [20] Kkal Twv TMAPAUETPWV KwdLKOTOINGNG ToU
Xpnolomotntnkav Katd tnv SLApKeLa Twv MEelpopdTtwy didovtal otov Tivaka xv, ol mopapetpol RTP
TIAKETOTOLNONG TIEPLEXOVTOL OTOV TIVOKA XVi, EVW OTOV Tiivako Xvii omelkovilovtal Ol MOpPAUETPOL
Siktuwonc. Kabe petadoon emavaAnddnke 15 dopEg yla TNV amoktnon tou pécou 0pou tou PSNR kat
TWV Xapévwy mAatoiwyv. Otav yivetat xprion tou 1 NALU ava mAaiolo tote Sev yivetal xprion tng STAP-A
doung adou autd Ba mpokalouoe TNV evBuldkwon MoAAamAwv TAaloiwv o éva RTP moketo.
ErmunpooBeta, n FU-A Soun ev ebappoletal otnv nepintwon twv moAAamAwv NALUs ava mAaiolwo agou
0 TIEPALTEPW KATAKEPUATIONOG TwV NALUs og RTP makéta eivol mepLttoc.

Nivakag xv. Mapdpetpotl Kwdwkomnoinong

AkolouBia Bivteo Flamenco Objects
ApLOudg maoiwv 1000 624
Intra nepiodog 5 m\aiowa 5 m\alola
PuOpOG mAaoiwv 25 fps 25 fps

Avaluoh 640x480 pixels 640x480 pixels

MNapdpetpog 24 24

KBavticou

ApLOpog oPewv 2 2
Mivakag xvi. NapdapeTpol maketonoinong

EruloyEg .

. 1 NALU / NoA\arAd
TLOKETOMOINONG TOU : ;
Bivteo mAaiolo NALUs/mAaiolo
EruloyEg RTP j STAP-
TLOKETOTOLNONG SNU FU-A SNU A

Nivakag xvii. Mapapetpol SikTiwong
MTU péyebog (Bytes) 1024 | 512
Nocooto anwAsLog
TTAKETWY 0% ,1%,2% ,5%
Movtélog opaApatog OAeg oL 0L | Baowkn Oyn
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4.2.1. Emunpoodstoc mAsovaouos

e QUTAV TNV

EVOTNTA OPXIKA OVOAUETOL O TAEOVAOUOC O OmoioG ELCAYETAL KATA TNV

Kwdikomoinon kot tnv evBuldkwon tou wdéAlpou doptiou oe NALUs. Emelta cuykpivovtal ot Tpeig

SouEg wdéAlpou doptiou BAon Tou MAEOVAGHUOU TOU OTIOLOU ELCAYOUV Katd TNV evOUAdkwon twv NALUs

o€ RTP nakéta.

‘Otav to kaBe mAaiolo evBulakwvetal o mepLoocotepa tou evog NAL Units Tote évag emunpdoBetog
TAEOVaoPOC TtpootiBetal otnv Kwdlkomolnuévn por amno bit. Xtnv Elkdva 23 amnewkoviletol o auvénuévog
TIAEOVOGLOG TIOU ELCAYETOL OTAV 0 aplBuog Twv NALUs avd mAaiolo auvédvetal.

600
550
500
450
400
350
300
250
200

Additional Overhead (Bytes)

150
100
50

---------------------------------------------------------------------- _-_.f’-
_________________________________________________________ 5,5_____________
______________________________________ ,,
oy oy gy
_______ - Base View
] e Mon Base View
1 1 1 | I I
0 10 20 30 40 50 60 70
Number Of NALUs per frame

Ewova 23. Avénon tou mAsovaopou Adyw tnG evOUAdkwong evog mAaioiov og moAAanAd NALUs

H Ewova 24 amelkovilel TNV pelwon tou mAeovacpou (oe olykplon pe tnv SNU Sopn) kabwg
auéavetal o aplBpoc twv cucowpeupevwy NALUs ava RTP makeéto. To kABe aggregation makETo Unopel va
evBulakwoel amno 2 £wg 70 aggregation units (NALUs) kdvovtag xprion tng STAP-A dounc.
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Ewova 24. Z0ykpilon tou mAeovacpou tou STAP-A og oxéon e Tov TAeovaopo tov SNU.

H Ewova 25 amodelkvUel OTL 660 aufavetal o aplBuog twy Tepayiwv avd NALU téco aufdvetal o
OUVOALKOC TIAeoVaopOG. To kaBe NALU umnopel va katakepuotiotel og 2 £wg 70 fragmentation units (FU-A).

Overhead Percentage

MeAetw

TOO0% - === === == =mn=mmmm e me e m e aees
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Base View

.......... MNon Base View
T I .

1 1 I
2 10 18 26 34 42 50 58 66 70
Number of NALUs

Ewova 25. 20yKpLon tou mAsovaopol tou FU-A og oxéon pe tov mAsovaopo tov SNU.

VTOG TLC TPEIG ELKOVEG, ATMOSELKVUETAL OTL O TEUAXLOMOC EVOC TTAOLOIOU Og TTOAAQTTAGL

NALUs pe tnv xprion tng SNU i tng STAP-A S0UNG €XEL WG OMOTEAECUA TNV LEYAAN pelwon Tou

TIAEOVOOLOU CUYKPLTIKA LLE TOV TEUAXLOMO Tou oto RTP eminedo.
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4.2.2. Xauéva nmiaiola

Katd tnv diapkela tng petadoong Bivieo oe Siktua pe anMWAELEG HEPLIKA amd Ta MAaiola xavovtal
TANPwC. H anwAela evog oAokAnpou mAaloiou mpokaeital kKupiwg Adyo tng anwlelag evog IP makétou
To omoio mepléxel to NAL Unit header autou tou NALU (o6tav to kaBe NALU mepléxel €éva oAoOkAnpo
mAaiolo). Eav o anokwdikomnontig dev sival oe B€on va avayvwpiosl ta dedopéva ou MEPLEXOVTAL OF
€va NAL Unit t0Te autd amoppintovral.

Jtnv Ewkéva 26 amewkoviletal o aplBuog Twv mAalsiwv o omoiog katadepe va anokwdikomnonBel
KATW omO OUYKEKPLUEVEG OUVONKeG evog Siktlou. To péyeBog Tou KABe IP TTAKETOU YL TO GUYKEKPLUEVO
nelpapa eival 1024 bytes evw n Sopn woEApou doptiou mou xpnolpomnoleital eivat n Single NAL
Units. Ztnv oplovtia otAn avaypAadeTal TO TOCOOTO TWV MAALCLWY Ta omola anokwsdikonolnonkav
EVW 0TNV KAOETN 0 puBUAOC AmWAELOG TTAKETWV.

10%

5%

Packet Loss Rate

2%

1%

- ; . # ’ ’ . ; - m ’
u u 7 7 u u 7 y f 7

80% 82% 84% 86% 88% 90% 92% 94% 96% 98% 100%
Percentage of succesfully decoded frames

B Flamenco - Base View B Objects- Base View Flamenco -Non Base View B Objects- Non Base View

Ewkova 26. MoocooTo anoKwSKOTOLUNUEVWVY MAALGLWV TNG BACIKAG KAt TNG KN Baowking oYng kavovrag xprion tng SNU Soung os
Stadopetikolg pubpou anwAelag rakétwyv (“Flamenco”,”Objects”).

4.2.3. PSNR anoteAéouata

To Peak Signal-To-Noise Ratio umoAoyilel Tnv avaloyio LETALY TNG HEYLOTNG SuvaThG LoXUG EVOG
onuato¢ oe oxéon He tv oYU tou BopUPou tou (AoyaplBuikn KAlpoka). To onpa €ival Ta apylka
Sebopéva evw o BopuPog eival To opAApa To onoio eloayeTal otnv akoAouBia katd Tnv Kwdilkomoinon
KoL LETAS00N TNG. OL TUTUKEG TIUEG EVOC amwAEoTnKa Kwolkomolnpuévou mAatoiou eivat amd 30 €wg 50 dB
EVW OL QUMOBEKTEC TLUEG EMETAL OO acUpHATN LeTddoon tou eival amnod 20 éwg 25 dB. Ooco uPnAdtepn
glvat n Ty tou PSNR tO00 YaunAotepn sival n Tur tou MSE kol T0co KaAUTeEpn €lval n moLotnTa Tou

Bivteo. To PSNR unoAoyiletat pEcw tou MSE XpnoLUOTMOLWVTAG TOUC Tapakatw SUo TuTouc.
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Ewova 27. YrioAoylopog tou MSE kat tou PSNR

MAX?
PSNR =10 - logy, ( “)

4.2.3.1. AnwAcia NMakéEtwy Kat otic U0 OYEeLs

Ot Ewoveg 28 kat 29 mapouotalouv to avttAnmto PSNR 800 akoAouBuwv moAAamAwy OYPewv oL
omolec petadodnkav umd SladopeTikéG ouvbnkeg maketomoinong (a,b,c,d) kat umo SladopeTikég
ouvOnkeg diktuou. Eival epdaveg otL to avtiAnmto PSNR tng Bactkng 0Png o OAEC TIC TEPLITTWOELS Elvail
onuavtika uPnAdtepo amod To avrtiotolo tng un Baotkng oPng. Auto cuppaivel Adyw tng EMUMTPOoBeTNg
Sladoong Aabouc mou unapyel otnv pn-Bactkn oPn Adyw tng e€dptnong tng amo tnv Bacikn ogn. Auth
n &ltadopd tou PSNR Ba pmopouoe va anodeuxbel pévo edv n pn Pacwkn oPn eixe kwdikomoinOel
avetaptnta amo TNV Pacikiy oPn, KATL To omoilo ouw¢ Ba eixe smumtwoel otnv amodoon TNg
Kwdlkomoinang (neyahltepog Oykog dedopuévwy). EmumAéov, 600 to péyebog Tou MTU audvetal TO0oo To
PSNR au&avetat Aoyw tng e€alewdng twv “error bursts”.

ElSkoTEpQ, oL Elkoveg 28a kal 29a amelkovilouv ta PSNR amoteAéopata 0tav n KwWSLKOTOoLNUEVN
okohouBia TakeTapetal Ye TV xpnon tng SNU Soung, ondte kaBe RTP makeéto meptéxetl éva NALU to
omolo nepléxet éva mAaiolo. Eival epdpavég otL n evBuldkwon evog mAatlciou ava RTP AkETo mopayeL To
xaunAotepo Bivteo QoS oe oUykplon HE OAOUC TOUC AAAOUG TUTIOUC TIOKETOTOLNONG. ZE QUTAV TNV
nepintwon, n anwAsla evog IP makEtou mou meptexel to H.264/AVC NALU header £€xelL wg amotéAsopa
™V anwAesla tou mAatoiou. OL anwAele¢ OAGKANPWY TAQLGIWV €XOUV WG AMOTEAECHUA TNV AUENON TNG
ouVvoALKAG aAAoiwaong tou Bivteo. MNa va sival Suvatdg o uTtoAoylopog tou PSNR, o amokwdikomolntng
VAOTIOLEL TNV TEXVLKNA TNG avTLlypadn¢ MAALCIOU 0TNV MEPIMTWON AMWAELOC EVOG TTAOLOLOU.

211¢ Ewkoveg 28b kat 29b spdaviletal to PSNR t¢ FU-A Soung. O tepaxlopdg evog NALU pe tnhv
MapAAAnAn xprion Tou TPOTEWVOUEVOU pnxaviopou Siaxeiplong Aabwv os RTP eminedo (3.1.4) €xel wg
anotéAeopa tnv av€non tou PSNR, l8IKA OTLG TEPUTTWOELG ToU 1% Kal 2% plr. 2 autAv TV epintwon
OAa Ta TACICLO ATMTOKWALKOTIOLOUVTAL ETUTUXWE, £XOVIOC WG OMOTEAECUA TNV CNUAVTIKA avénon Tou
avtiAnmrtoL PSNR.

Qotooo, Ta nelpapata anedetéav OtL N evBulakwaon Tou kaBe mAatoiou o moAAarAd NALUs eixe
w¢ anotéAeopa tnv Spapatikr avénon tou video QoS GUYKPLTIKA LLE TIG SUO TTPONYOUUEVEC TIEPLUITTWOELC.
Ze autnVv mepintwon, To PSNR peTpdTal yla TI¢ Meputtwoelg Xprong SNU(1 NALU avd RTP makéto) kot
STAP-A(0Aa ta NALUs evog mhatoiou avad RTP maketo) kat armelkoviletal otic elkoveg 28¢,28d,29¢ ko 29d
avtiotolya. O TepayLopog evog mAailciouv og moAamAd NALUS pelwvel Tnv mapapopdwaon oto Bivteo evw
OTIWG ATTOSELKVUETAL LELWVEL TLG ETUMTWOELG TN aAAayn¢ Tou péyebog MTU oto PSNR.

TeAwkd, ouykpivovtag ta PSNR amoteAéopata twv akolouBuwv “flamenco” kat “objects” eivat
gudaveg otL n “flamenco” emtuyyavel uPnAotepo PSNR. Autd ocupPaivel Aoyw tou Sladopetikol
TiEPLEXOUEVOU ToU Bivteo ( Alydtepn Kkivnon) mou nepléxetat otnv akoAouBia “flamenco”.
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4.2.3.2. AnwAeia NMakétwy povo otnv Baoikn oYn — Aiaedoon Aadoug

3TNV TPonyoUpevn evotnta oavadepetal OtL n pn Paowkn oyn emnpedletal amd tnv
napapopdwon tng Paociknc oPng. Autiv n evotnta amodelkvUel TNV UMopEn Kal to Héyebog tng
e€dptnong Hetafl Twv oPewv.

OL Ewoveg 30(a, b, ¢, d) kat 31(a, b, ¢, d) amneikovidouv to PSNR détav katd tnv petddoon Twv
oKoAouBLwv yavovtal akéta Hovo tng Baotkic ong. Mapopola e Ta mponyoUEeva Melpapata, To QoS
tou Bivteo avéavetal 600 avfavetal to péyeboc tou MTU. Juykpivovtag autd Ta amoteAéopata He Ta
nmponyolpeva eivol epdavinc n eédptnon petaly twv oPewv evw emiong Sivetal n Suvatotnta

UTtoAOYLopOU TN

¢ 61adoong Aaboug.
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Stadopetikd MTU peyédn — anwAela otnv Baoikr) on - “Objects”.
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Kedalaro 50. Tuunepaopata — MeAAovtiki epyacia

JTOXOG QUTAG TNG TTTUXLAKNG epyaciag ntav n aflohdynon twv emdocewv tou 3D Bivteo streaming oe
IP Siktua Kdvovtag xprion SLadopeTIKWY TPOTWY TMaKeTtomoinong cludwva pe ta H.264/MVC kat RTP
npotuma. IStaitepo evlladépov 60Bnke otov Tepaxlopd tou mAalciou oe moAlamAd NALUs kat
Fragmentation Units. Mo tnv Stdowon twv xapévwy headers, mpotddnke évag unxaviopog Slaxeiplong
AaBwv ot eninedo RTP o omoiog xpnotpomnolet toug headers twv tepayxiwv nouv AdOnkav cwotd yla thv
ovakatackeu tou H.264/AVC NALU Header. Mo tnv aflohdynon twv emiboocewv Afddnke umodn o
TAEOVaOUOC TIoU TipoKaAeital amd tig Sladopetikol tUTou Sopéc wdeAou doptiou, To Maximum
Transmission Unit péyeBoc, o aplBuog Twv amokwsIKomolNUEVWY MAALGLWY Kal n moldtnto tou Bivteo
(PSNR) tooo g Baotkng 600 yla TG KN BaotkAc ong, KAtw amd Slodopetikég ouvOnKeg SikTUou Kot
SladopeTikolg TPOTOUC TakeTomoinong. TeAlKA, KOTOOKEUAOTnKe Wio mAatdopua  SOKLUWVY,
amoteAovpevn and £vav RTP packetizer kat de-packetizer kat évav UDP/IP streamer kau client.

Ol HEANOVTIKEG ETIEKTACELG TNG OUYKEKPLUEVNG TITUXLOKAG Xwpilovtal oe Suo katnyoplies. Katapyny,
Ba punopouoe va kataockevoaotel éva MANE-based ocUotnpa kat va cuykplBel pe to SST katl to MST. H
AOVLKN KQTOOKEUNG EVOC TETOLOU cuoTHUATOC Sev SladEpel TOAU ard TNV AoYIKH KATAOKEUNG evog MST 1
SST ouotuatog, adol oUCLAOTIKA Xpnotpornolel mapdAAnAa kot Tt Vo npoavadepBeioeg pebddouc. H
Seltepn epyaoia n omoia Ba pmopoloe va yivel ival n dnuioupylo evog RTP /DCCP/IP Server/Client kot
va ouykplBel pe tov eidn umdpxwv RTP/UDP/IP. Zuvoyilovtag, éva OUVOALKO HOVTENO HEANOVTLKAC
gpyooiag Ba pmopoloe va eival n  Kataokeur) evog MVC  MANE-Based ouotripato¢ to omoio Oa
Aettoupyoloe mavw amd RTP/DCCP/IP yia va cuykplBel pe tnv mAatdhOppa autrg TNG ITUXLAKNG.
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IDR
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QoS
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MSE

Zuvtopoypadieg

Peak Signal-To-Noise Ratio
Multiple Video Coding

Scalable Video Coding

Network Abstraction Layer
Joint Video Team
Instantaneous Decoding Refresh
Group Of Pictures

Frames per Second

Macro Block

Corresponding Macro Block
Real Time Transport Protocol
Quality of Service
Single-Session Transmission
Multi-Session Transmission
Media-Aware network element
Adaptation Decision Taking Engine
Decoding Order Number

User Datagram Protocol
Network Address Translation
Maximum Transmission Unit
Single NAL Unit

Fragmentation Unit

Mean squared error
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Napaptnua B

Mnyaioc kwdikag

> A.H.264/MVC MST RTP Packetizer

P b

#include <stdlib.h»
#includecstdio.h»

1 ginclude <iostress:

- T Y

[

aTe

g

412
413
414

453
454
45K

ginclude <iomanip»
ginclude <fstreams
using namespace std;

f*Declaration of input and output file names*/
typedef struct userParams wuserParan_s;

typedef struct byteStreams byteStreas_s;
typedef struct infosinfo_s;

typedef struct paddingBytespaddingByte_s;

F*Parse command line arguments®/

static int parsearg(int argc, char **argv, userParans *param)
F*Print packetizer wsage information®/

static void ussge(void)

F*open Files®/

static int openFiles{userParam s *param, bytestresms *strByte)
f*Print info at the end of packetization®/

static woid Info(infos info,int seq,int PacketizationMode)

T f*Create and store bytes per RALU-metadats®/

int* MALUnitsBytes(FILE *file)

F*RTF M5T MWC(AVC) Packetization®/f

1 static unsigned char *GenerateftpHeader{unsigned char seq)

f*Create MaluBytes file*/

5 static woid CreateMalUBytes(byteStreams *strByte,int mnumber,int vies_id,int FUCounter,paddingBytes * o

paddingByte)
F*Packetize Parameter Sets{SNU Mode)*/

7 static int PacketizeSPS{int counter,unsigned char *Bitbuf unsigned char *RtpBitbuf unsigned char seq)

f*Create RTP Packets --» Single Wal Unit Payload Structure*/
static int PacketizeSingleNalunits{int counter,unsigned char *Bitbuf unsigned char *RtpBitbuf,unsigned o
char seg)

f*Create RTF Packets --» STAP-4 Fayload Structure*/
static int PacketizedggregationMalunits(int Counter unsigned char *Bitbuf unsigned char *RtpBitbuf, ¥
unsigned char seq,int StapFlag)
f*Create RTF Packets --»> FU-A Payload Structure®/
static int PacketizeFragmentationMalUnits(int counter,unsigned char *Bitbuf,unsigned char *RtpBitbuf,
unsigned char seq,int Fragments,int FuMode,paddingBytes * ¥

paddingByte)

Bl



653 int main{int argc, char **argv)

654 {

l'_:_".

ESE userFarams param;

ES7 byteStreans strByte;

E5E infos info;

1] paddingBytes paddingByte;

E5B paddingByte . Bytes=8;

E51 info. MunberdfFranes=-4;

662 info. RtpdverHeadBytes=6;

E53 info.NalOverHeadBytes=8;

654

B55 unsigned char seqge=8;//field in rtp header

666 int walue;

E5T int FirstBytesNumber;

668 int videoMode;/fave || MWC

ES int counter=-1;

678 int tempcounters=8;

E71 int BitbufCounter=8;

672 int RtpeitbufCountersa;

B73 int n,j=8;

674 int PacketizationMode;//SMU || STAP-& || FU-&

75 int* BaseViewRtpPackets;//store Base's View bytes/Nalu
676 int* MonBaseviewRtpPackets;//store non Base's View bytes/Nalu
677 int MalUCounter;

G7B int FuModes8;//If 1 then bytes/FU mode

679 int StapMode=E;//If 1 then 1 RTP packet / Frame

638 int Staplounter=g;

81 int MumberOfFragmentsPerdalu=g;

682 int Numberofaggregationiials=8;

683 int MumberOfBytesPertialu=8;

684 int ManVies;

|'.3'.

B3E int *wviewid;//viewid tres

637 int *MunberofBytes;//Number OFf Bytes per WALU

688 int *tenp;

|'.3-..

T viewid={int*)malloc(lomeee*sizecf(int));

691 Kumberof8ytes={int® )malloc (18888 *sizeof(int));

E32 temp={int* )malloc(leeeea®sizecf (int));

|'.-:|:

E94 unsigned char *Bitbuf; //MVC Payload

B35 unsigned char *RtpBitbuf; //RTP payload

B9E Bitbuf={unsigned char®)malloc{leeeee*sizecf(int)};
637 RtpBitbufs(unsigned char®)malloc(l8@eee*sizeof(int));
B398

639 for(int i=f;i<lB0808;it)

Tag

781 viewid[i]=9953953;

782 NunberOfBytes[1]-9999539;

783 1

784

785

786 printf(Tinititigeseestesnsansnan st eVt VE* MMC/AVC RTF PACKETIZER™
-|I:|- - i\n\t\t\tiliiiiiiiiiiiiiiiliii\n'\.n"];
To8 /% Parse command line arguments *F

789 if {!parseArg{argc, argv, Sparam})

7@ {{fPrint packetizer usage information
711 usage();




712
713
714
715
716
717
718
713
728

Ty

T
Ty

724

e

726

-

exit{l};
}
/*0pen coded files*/
VideoMode=openFiles(Eparan, Bstriyte);

{*Find the Mumber and the length of the NALU's (base wiew)*/
BaseViewRtpPackets=HALUnitsBytes(stryte.LeftVies);

/*Find the length{in bytes) of SP5®/
FirstByteshumber=BaseYiewRtpPackets[8]+BaseViewRtpPackets[1]+BaseViewRtpPackets[2]+
BaseViewRtpPackets[3]-%;

J*Remove 5P5 lengkth from counter®/
KaluCounter=BaseViewhtpPackets[29995]-4;

printf("invideoMode=¥d \n5PS Bytes «¥din" videoMode, FirstBytesNumber);

J*Create NumberofBytes per MALU buffer (base view)®/
for(int i=E;ic=25995;ir+)
{
NumberofBytes| il-BaseviewRtpPackets[i+4];
if{videaMode==1)
it=2;
else if(videoMode==87
it
elze
printf{"Undefined VideaMade");
}

fseek{strByte. LeftView 8, 5EEK_SET);

I mvey

if (videoModess1)

{
f*Find the Mumber and the lemgth of the MALU's (non base view )*/
NonBaseViewRtpPackets=HalUnitsBytes(striyte.RightView);

{*Create NumberOfg@ytes per MALU buffer (non base view)*/
=1
for{int i=B;ic=25995;i++)

NunberofBytes[j]=NonBaseViewRtpPackets[i+l];
jt=1;

}

if (NalUCounter»NonBaseViewRtpPackets[25935]-1)
MaxView=8;//If base view » non base view(bytes)

else if{MalUCountercNonBaseviewRtpPackets|29593]-1)
MaxView=1;/fIf base view < non base view

else
MaxView=2;/fIf base view == non base view

NalUCounter+={NonBaseViewRtpPackets[29959]-1);
fseek(strByte. RightView 8,5EEK_SET); //go to beg

}

[*create ViewId tree®/
for{int i=8;icNalUCounter;i+t)

if (videoMode==B)

viewid[i]=B;
1
else if({videoMode==l BE MaxViews==8)
{{/non base view < base view (bytes)
viewid[i]=8;
if (MumberofBytes[i+1]!=9593599)

B3




viewid[i+1]=1;

elze

{

NalUCounter+s;

}

it
}
else if(VideoMode==1 BE MaxWiews=1])
{/fnon base view » base wiew (bytes)
if(immg)

viewid[a]=8;
ite;
}
viewid[i]=1;
if (MumberOfBytes[1+1]!=9959959)

viewid[i+1]=8;
else

NalUCounter+s;
}
ite;
elze if(VideoMode==1 EE MaxView==2)
{#fif non base view == base view (bytes)

viewid[i]=8;

ity

viewid[i]=1;

1

int FrameCounter=8;

int MalUCounterarray[55395][2]);
int newBaseViewFrane=8;

int newNall=a;

for(int i=g;ic59999;i++)

{
Malucounterarray[i][@]=8;
HaluCounterarray[i][1]=8;

}

25 f*If base wiew != non base view (Mo of MaLL's)®f

if (videoMode=s1)
{

for{int i=8;icNaliCounter;it+)

if (NumberofBytes[i]==5395599 Ef viewid[i]==5995395 E& viewid[i+1]!-3599533)
{/fErase Mull row

Nunberofytes[1]=NumberofEytes[i+1];

viewid[i]sviewid[i+1];

{fre-sort the array
for(int j=it+l;jcNalUCounter;jt++)

Numberofaytes| i]=NMunberofytes[+1];
viewid[j]=viewid[j+1];

KalWounter--;
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B43
B44
B4S
B4E
BaAT
B4E
B45
Bs@
851
852
B53
B4
BSS
BSE
Bs7
B5E
B59
Bs@
B51
B52
B53
B54
B&S
BSE
B57
BSE
B5S
a7e
871
872
873
874
B7S
876
B77
878
873
Ba@
B3l
832
Ba3
B34
Bas
B3E
Bar
B3E
Bas
B3g
831
832
B33
B34
B3S
836
B3z
B3E
B39
Sae
g4l
982
983
984
9a5
98e
587
Sae

}

/*Find the Wumber of the Frames snd the Mumber of the WAL =/frame®/

unsigned int *LeftArrayvalues;
Leftarrayvalues={unsigned int*}nalloc(15®sizeof(int});
Leftarrayvalues [@]=BubE;

Leftarrayvalues[1]=Bxe2;

Leftarrayvalues|2]=Bued;

Leftarrayvalues|3]=BxeE;

Leftarrayvalues[4]=Bxeg;

LeftarrayWalues [5]=Bxba;
LeftarrayWalues [&]=Bxec;
LeftarrayValues [ 7]=Bxee;
Leftarrayvalues [ B8] =exfa;
Leftarrayvalues[9]=exf2;

LeftarrayValues [ 18] -8xbd;
Leftarrayvalues[11]=8xf6;
LeftarrayValues[12]-8xf8;
Leftarrayvalues[13]=@8xfa;
Leftarrayvalues|14 |=@xfc;

unsigned int *RightarreyValues;
Rightarrayvalues={unsigned int*)malloc{15*sizeof(int)];
RightérrayValues[d]-8xbd;

Rightarrayvalues[1]=@xda;

Rightarrayvalues[2]=@xdl;

Rightarrayvalues]3]=@xdl;

Rightarrayvalues[4]-gxd2;

Rightarrayvalues[5]=@xha;
Rightarrayvalpes[6]=@8xd3;
Rightarrayvalues[7]=8xd3;
Rightarrayvalues][8]=@xdd;
Rightarrayvalues[d]-8xdd;

Rightarrayvalues[1a]=8whs;
Rightarrayvaloes[11]=8uds;
Rightarrayvalues[12]=8uwds;
Rightarrayvalues[13 =8uds;
Rightarrayvalues[14 ]=8ud?;

{*Base View"/
fseek(strByte. LeftView FirstBytesNumber SEEK_SET);

for(int j=g;jcNalUCounter;j++)

{*Read one NaLL*/
n = fread{Bithuf, NumberofBytes[]],1,strByte. LeftVies);

if(Bithuf[14]==Leftarrayvalues [ newhal U] )

{/fwornally only first time enters
NalUCounterarray [ newBaseViewFrame ][8]++;
FrameCountert:;

else if{Bitbuf[ld]==LeftArrayvalues[newall+1])
[1f new frame
newdaseviewFrane++;
NalUCounterarray [ nesBaseViewFrame J[8]++;
FrameCounter+s;
if(newsALL =14
newHALL =8
else
nEwMALL 4+
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518
511
512
513
514
315

917

551

N B L BJ e @D LD

m

else if{Bitbuf[1d]==LeftarrayValues[a])

[/{1f new GOP
newBaseViedFrane++;
FrameCounterts)
KalUCounterdrray [ newBaseViewFrame ][8]++;
niEWtAL L= ;

}

else

[//1f more NALUs for the same frame
HalUCounterarray[newBaseViewFrane | [@]++;

}

f*Skip non Base's View MALU's*/

while(viewid]j+1]!=8)

o4

}

int newMonBaseViewFramesa;
newhALL=8;

RaluCounterarray [newtonBaseViewrrame | [1]++;
FrameCounterss;
fseek({strByte. RightWiew, NumberofBytes[1], SEEK_SET);

{*Non base wiew®/
for(int j=3;jcNalUCounter;j++)
{
{*Read one MALU®/
n = fread(Bitbuf NumberofBytes[j],1,strByte.RightView);

if (Bitbuf[17]==RightArrayValees|newdaLlU+1])
{//1f new frame
newtonBaseViewFranest;
KalUCounterarray [ newlonBaseViewFrame|[1]++;
FrameCounterts;
if [ newNALU»=14)
newtALL=B;
else
newMALL++;

}

else if{Bitbuf[17]==Rightarrayvalues[8])

{//1f new GOP
newsonBaseyiewFraness;
Fram=Counterts;
KaluCounterarray [ newNonBaseyiewFrame|[1]++;
newMALL=B;

}

else

{//1f more MALUs in the same frame
HalUCounterarray[ newNonBaseyiewFrane |[1]++;

/*skip Base's View MALU"s*/
while(viewid]j+1] =1}
b H

printf("Number Of Frames In Each View:3d\n",FrameCounter/1);

Jf*Set Packetization Order®/

int *tempViewId;

tenpViewld={int"* )malloc{NalUCounter®sizeaf{int));
int *tempMALUBytes;

tenpALuBytes={int* malloc{NalUCounter® sizeaf{int));

int tempViewCounters=g;
int tempNALUCOUNter=q;
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996
397
998
999
1888
1gal
1887
1pa3
1884
1905
188E
1ga7T
1898
lgas
1818
1811
1812
1813
1814
1815
1816
1817
181E
18159
1828
1821
1822
1823
1824
1825
182E
1827
182E
1823
1838
1831
1832
1833
1834
1835
1836
1837
1838
1833

1a4p

int tempMALUCounterNonBases=1;

for(int i=E;i:(FrameCounterf2);i++)
[/ fExecute for all frames

for{int j=8;jcNalUCounterarray[i][8];j++)

tenpViewld [ tempViewlounter |=viewid|tenpNALUCounter];

tenpHALUBytes [ tempViewlounter |=NunberOfBytes| tempNALUCounter | ;
tenpViewCounterts;

if(viewid] tempNaLUCountertl]==1)
tenpNALUCounter+=2;

else if{viewid[tenpMALUCDUNter+]]!=9959959)
tenpNALUCounterst ;

for{int j=E;j<MaliCounterarray[i][1];3++)

tenpViewId [ tempViewCounter |=vwiewid] tenpMALUCounterionBase | ;
tenpiALuBytes [ tempViswCounter |=NunberofBytes tempNALUCounteriongase | ;

tenpViswCounterts ;

if(viewid] tempNaLUCounterdonBase+] ==}
tenpNALUCounterdonBaset=2;

else if(viewid[tenpMALUCDunterNonBase+]]!=9939539)
tenpNALUCounterdonBasets;

}

for(int i=E;i:NalUCounter-1;i++)

{

}

viewid[i]-tenpViewId[i];
NunberofBytes[i]«tempaluBytesi];

fseek{strByte. LeftView, 8, 5EEK_SET);
fseek{strByte. Rightview,8 SEEX_SET);

W1 VideoMode == 1
Jf*Create NALU info file*S
if (WideoMode==1)

{

FILE *MaluInfo = NULL;

char *NalucharInfo="Halulnfo.txt”;

if( fopenNalucharInfo, “r"))
renove (NalUcharInfa);

}

NaluInfo=fopen(HalucharInfa, "w"});

int i=g;

fprintf(Malulnfo,”------ Number OF NALU'S Per Frame -------%n");
fprintf(MaluInfa, Mo Base Nbase's'n™);
while{NaluCounterarray[i][8]'=a &8 MalUCounterarray[i][1]'=8)

{

fprintf(Malulnfo,"¥d %d Xd ‘n",i,NaluCounterarray[i][a],MaluCounterarray[i][1]);

its;
i

i=8;
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1842
1843
1844

1845

®m

1847
1848
1845
1858
1851

1859

1181

1185

fprintf(Naluinfa,” ---=---- Number Of Bytes per MALU-------- Ty
fprintf{NaluInfo, "No View Length's'n™);
while (NunberofBytes[i]!=59995933)

{
fprintf({NaluInfo,"%d ¥d %d\n",i,viewid[i],Nmberofeytes[i]);
ite;

frlose(Malulnfao);
}

/*Read parameter sets from file®/
n = fresd(Bitbuf FirstBytesNumber,1,strdyte.Leftvies);

/*Packetize SFS--» always SNU payload structure*/
RtpeitbufCounter=FacketizeSPS({FirstByteshumber Bitbuf RtpBitbuf seq);

f*Store NALUY info im MalUBytes®/

CreateNalUBytes(Bstréyte  RtpBitbufCounter @ &, BpaddingByte );
[*Store SPS*/

fwrite (RtpBitbuf,RtpEitbufCownter. ], strEyte.outleft);
info.RtpdverHeadBytes=RtpBitbufCounter - FirstEytesNumber ;
info.NaloverHeadBytes+=32;/ /4 Nalu"s Headers in SPS{32 bytes)

F*check for packetization mode®/

primtf{*inin------- Press B for Signle Mal Units---------- --————- h
"Press 1 for Aggregation Packets------- n=--————- -
"Press 2 for Fragmentation Umits------- YinChodce:™);

scanf{"Xd" EPacketizationMode);
if (PacketizationMode<p || PacketizationMode»2)

printf( exiting..... "¥;
systen( " pause™);
exit(1};

}
f*Create RTF Packets -» output 3 files{base wiew.264,non-base view.264 NaluBytes. txt)®/

countersa;
{*single NAL Units Mode*/
if (PacketizationMode=ed)

while(viewid[counter J==@ || viewid]counter]==1})
[fexecute for all MALU'S
if(viewid[counter ]==g)
{{{read one Nal Unit from Leftview
n = fread{Bitbuf, 1, NunberofBytes|counter], streyte. Leftvies);
{*Create a RTP Packet®/
RtpBitbufounter=PacketizeSinglenalunits{NumberofEytes [ counter], Bithuf  RtpBithuf , seq);
/*Increase sequence number®/
SEQH
/*store MALU info to NaluUBytes®/
CreateMaluBytes(AstrByte RtpRithufCounter @, 8, paddingByte);
/*store RTP packet to file®/
nefwrite (RtpBitbuf,1, RtpBithufCounter,strEyte.outleft);
infa.NalOvertiesdBytes+=5;//6 Nal Header Bytes(2 Headers(5,1});

else if(viewid[counter J==1 EE paran.Rightview!=NULL)
{ {fresd one NAL Unit from RightView
n = fread{Bitbuf, 1, NunberofBytes|counter], strByte . Rightview);
{*Create a RTP Packet®/
RtpBitbuflounter=FacketizeSingleNalUnits{NumberdfBytes[counter], Bitbuf  RtpBitbuf  seq);
{*Increase sequence number®/
SEQHE]
/*store MALU info to MaluBytes®/
CreateMaluBytes{AstrByte RtpBithufCounter 1,8, dpaddingByte);
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1187
1188
1185
1118
1111
1112
1113

1114
1115
1116
1117
1118
1115
1128
1121
1122
1123
1124
1125
1126
1127
1128

1138
1131
1132
1133
1134

1135

1137

/*5tore RTP packet ot file®/
n=fwrite (RtpBitbuf,1 RtpBithufCounter, stréyte.outRight);
info.NalOverteadBytes+=3;//9 Nal Header Bytes(2 Headers(5,4))

info.MunberofFranes+=1;

info.RtpiverHeadBytes=info.RtpiverHeadBytes+(RtpBitbufCounter -NumberOfBytes[counter]); o

counter+t;

}

foagpregation packets (STAP-A Mode)®/
else if({PacketizationMode==1)

if{viewid[@]== @ BE viewid[1]=s1 || VideoModess=8)

{//For 1 MALU/Frame DR For AVC
StapMode=0;
printf{"\nSet the Number of the MALU's/RTP packet to aggregate[»1]:");
scand [ "¥d" , BNunberOfaggregationials );

if (MunberofaggregationMalscl)
{
primtf("exiting..... ' H
systen("pause™);
exit(1);

}

}
else if{videcMode==1)
{//Far More NALU's/Frame
StapHode=1;
}

if (StapMode==g)

{/*Each MALU contain a whole frame®/

int MumberOfAggregationNalsArray[lesee][2];
int aggrialsarrayCounterBasesd;

int AggrNalsArrayCounterbonBasesg;

for{int i=8;ic18688;i++)

Nunberofaggregationalsarray[i][@]=a;
NunberofAggregationMalsarray[i][1]-8;
}

{*Create Packetization Order®/f
for{int i=8;icNaluCounter;i++)
{{/for base view
while(viewid][i]==8 &8 NumberOfAggregaticnNalsirray[AggrialsirrayCounterBase][2]
iNumberofaggregationiials)

KunberofAggregationMal sArray [AggrualsirrayCounterBase | [8]++;

in;

if(videoMode==1}

ine;

}

i--;

AggrialsadrrayCounterBasess;
}
if(videoMode==1})
{

for{int i-1;i<NalUCounter;i++)
{//for non base view
while (viewid[i]==1 BE WumberofaggregationNalsarray[AggrialsArrayCounterbonBase][1]
iNumberofaggregationdals BE videoModessl)
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1178
1171
1172
1173
1174
1175

1176
1177
1178
1179
1128
1131
1132
1133
1134
1135

1136
1187
1138

1189
1198
1191
1192

1133
1194
1135

1196
1137
1198
1199
1288
1281
1282
1283
1284
1285

1286
1287
1208
1289
1218
1211
1212
1213
1214

1215
1216
1217

121B

1219
1228
1224
1225
1226
1228

1238

{
HumberOfAggregationdalsérray|Aggrial sérrayCounterNonBase ][1]++;
itml;

}
i--;
Aggr¥alsArrayCounterNonBases+;

}
}

/*Create RTP packets*/
int MonBaseCounter=1;
for{int i=8;icAggrialsArrayCounterBase;ive)
{
for{int j=8;jcNumberofaggregationNalsarray[i][8]; ++)
{/ibase view
n = fread{Bitbuf,1, NumberofBytes|counter], strByte. Leftvien);
if{j==t}
{f11f first BALU --» creste RTF Header + STAP-A header + NALU Size header
Rtp8itbuflounter=FacketizeAggregationdalUnits (NumberOfBytes[counter ], Bithuf RtpBitbuf, @
seq.@);
}
else
{flelse --3 create only MALY Size header
Rtp8itbufounter=FacketizeAggregationdalUnits (NumberDfBytes[counter ], Bithuf RtpBitbuf,
seq,1);

CreateNalUBytes(Bstr8yte , RtpBitbufCounter 8,8, SpaddingByte) ;
n=furite (RtpBitbuf 1, RtpBitbufCounter, str@yte.Outleft);

info.RtpiverHeadBytes=info.RtpOverHeadBytes+(RtpBitbufCounter-NumberofBytes| counter]);
info.MunberofFrames+s ;
info.MalOowerHeadBytes+=£;//6 Nal Header Bytes{(S(4+1},1} in every Nal

counterst;
if(videoMode==1)
counterst;

}

if (videoModesa1)
{//non base view
for{int j=8;joNumberofaggregationnalsarray[i][1];5++)

n = fread{Bitbuf,1, Nunberofeytes|NonBaseCounter |, streyte.Rightvies);
if{j==a}
[f/1f first MALU--3 creste RTP Header + STAP-A hesder + MALU Size header
RtpBitbufCounter=Packetizedggregationialunits (Number0of8ytes|NonBaselounter | Bithuf, @
RtpBithuf,seq,8);

else
[f{else --» create only MALD Size header
RtpBitbufCountersPacketizeaggregationNalunits (Numberofeytes|NonBaseCounter | Bithuf, ¢
RtpBithuf, seq,1);

CreateNalUBytes(Estrayte RtpBitbufCounter,1 8 Bpadding8yte);
n=fwrite (RtpBitbuf,l,RtpBitbufCounter, striyte.OutRight);

info.RtpOverHeadBytes=infe . RtpOverHeadBytes+( RtpBitbufCounter -Nunberofaytes ¥
[MonBaseCounter ]} ;

info.NumberofFrames++;

info.NalOverHeadBytes+=9;//9 Mal Header Bytes((5({4+1),4)) in every Mal})

KonBaselounter+=1;

¥
Vi fif(VideoMode==1)
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1234
12385
1286
1287
1288
1289
1298
1291
1792
1293

}ifor{int i=@;icaggrial sarrayCountergase ;ivs)

}/{if(StepHode—-a)

else if(StapMode=s1)
{/*Each maLy contain part of a frame*/
int AggrialsarrayCounter=d;
while(viewid]counter ==@ || wiewid]counter]==1)
[[lesecute for all NALU'S
if (viewid| counter ==@})
{//base wiew
n = fresd(Bitbuf 1, NumberOfBytes|counter], strdyte. LeftView);
}
else if({viewid[counter]==1}
{#inon base view
n = fresd(Bitbuf 1, NumberOfBytes|[counter], strByte.RightVies);

}

if(Aggrial sArrayCounter==g )
[#F1F First WALU --» creste RTP Header + STAP-A hesder + MALU Size header
RtpBitbufCounter=PacketizeaggregationNalunits{NunberdofBytes [ counter] , Bithuf  RtpBitbuf  seq, @

:HH
}
else
{{felse 1--» create only WALU Size header
RtpBitbufCounter=PacketizeAggregationNalunits(NunberofBytes [ counter]  Bitbuf  RtpRitbuf seq, @
1);
}
if (viewid|counter |==8})
{//base view
CreateNalUBytes(Sstr8yte RtpBitbufCounter,d 8 Bpadding8yte);
n=fwrite (RtpBitbuf,l,RtpBitbufCounter,strEyte.outleft);
info.NalOverHeadBytes+=6;//6 Mal Header Bytes{(5(#+1),1) in ewvery Mal
else if(viewid[counter]==1})
{//non base view
CreateNalUBytes(8strayte RtpBitbufCounter,l,8 Bpadding8yte);
n=fwrite (RtpBitbuf,l,RtpEitbufCounter, strByte.DutRight);
info.NalOverHeadBytes+=9;//9 Mal Header Bytes{(5({#+1),4) in ewvery Mal)
}
info.RtpoverHeadBytessinfr . RtpoverHeadytes+({ RtpBitbufCounter -NumberofBytes [ counter]);
info.NumberofFramest++;
countertt;
Aggrial sArrayCounter++;
if ((viewid]counter-1]=«8 BE viewid[counter]==1) || {viewid[counter-1]==1 & viewid ¥
[counter J==8))
Aggrial sArrayCounter=a;

} ¥ while{viewid[counter J==8 || viewid|counter]s==1)

}/ else if(StapMode=s1)
}

*Fragmentation Units (FU-a Mode)*/
else if({PacketizationMode==2]

if({{Mumberofeytes[e]+le0)>1024 E& (Numberofytes[8]-18@)<1824) ||
{(MumberofEytes[@]+184):512 AR (NumberOfBytes[d]-188)c512) ||
{(MunberofEytes[@]+184):1478 BE (MumberofEytes[@]-188)<1478)] |
{{MunberofEytes[@]+184):1478 BE (MumberOfBytes[@]-188)<2848))

{
printf{"No Mesd OF Fragmentation.Each MALU contain part of a frame.”
"Choose Another Payload Structurelnexiting..... B H
syster("pause”);
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1324
1325

1326

1328

exit(1);

{*Fragments /NALL :

&ll NALU's have the same number of FU's E& all the FL's have different number of bytes®/
I* Bytes/FL-A:

&11 MALU's have differemt number of FU's E& all the FU's have the same number of bytes*/
printf("in Select 8@ to Set Fragments/Nall node OR 1 to set Bytes/FU-& mode:™);
scanf{"3d", EFuMode ) ;

if {FuMode==a )

i
printf{"inSet the Nunber of fragments per MalL [2-18]:7);
scanf{"¥d ", BNunberOfFragnentsPerNall);

if (NumberOfFragmentsPerdaluc2 || MumberOfFragmentsPerMalls18)

printf{"exiting..... “1;
systen( " pause™);
exit(l);

}

else if (FuMode==1)
{
printf{*%nset the Mumber of bytes per WALU:\n\n Fress €--»512bytes/RTF packet Wt"
“Press 2--3147dbytes /RTP packetn'n Press 1--31824 Bytes/RTP Packet Wt~
"Press 3--:2048bytes/RTP packet ‘m |---------mmmmmimmem e B
"%n |For UDP/IP Packet Size(1824 bytes] |'n |--------cccemmmmcmmcccee e e |®
" LoF/1IF headers (28 bytes) |'n | Rtp Header (86 bytes)]|'n |
"-b.ZE4FAVC MALY Header (-1 byte) |'n | Reserved Bytes {4 byte}|'m | "
"Mvc Poylosd bytes (955 bytes)|'n | -------------s---e-meommoomemmoo-|\n CHOICE:™);

scanf {"¥%d" ANumberof BytesPernall);
if {Numberof@ytesPerNall=-8)

HumberOfBytesPerNall=512;

else if{MunberOfBytesPerfali=-1)
HumberOfBytesPeriall=1824;
else if{MunberOfBytesPerfall=-1)
HumberOfBytesPeriall=1478;
else if{MunberOfBytesPerfalli=-13)
NunberofBytesPerialu=2848 ;
elze
{
printf{“exiting..... “1;
systen( " pause”);
exit(1);

}

else
{
printf{"eniting..... “1;
systen{ "pause™);
exit1);

}

/*RTP Packetization*/f
while{viewid]counter Jasf || viewid[counter]s=1)f/check for vies_id
[{/execute for all NALU's
if{viewid[counter]==d)
{//base wiew
n = fresd(Bitbuf 1, NumberOfBytes|counter ], strdyte. LeftView);
if({FuMode==B)
{
RtpBitbufCountersPacketizeFragmentationMalunits(NunberdfBytes[counter],Bithuf,
RtpBitbuf , seq, NunberdfFragmentsPerNall, FuMode BpaddingByte);
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1353
1368
1351
1362

1353

1354
1365
1366
1367
1368
1363

1378

1372

1373
1374
1375
1376
1377
1378
1379
1388
1331
1382
1333
1384
1385
1386
1387
1388
1389
1398

1391
1392
1393
1334
1395

1336
1397
1398
1399
14098
1481

1482
1483

1484
1485
1486
1487
1408
1483
1418
1411
1412
1413
1414
1415
141E
1417

seqt=NumberOfFragment sPerialy;
}
else if{FuMode==1)

RtpBitbufCounter=PacketizeFragmentationdalunits (Nunberofeytes]counter ], Bithuf, RtpBithuf @
»  5eq, NumberofBytesPerNalu, FuMnde SpaddingByte);
seq+=RtpBithuf[Rtp8itbufCounter];

f*calculate the Number Of Fragments Per Malu */
if{FuMode==1}
{
HumberOfFragmentsPerfialu=NunberofBytes] counter |/ (NumberofeytesPerNalu- (26 /*RTP Headers i
*f+28/"Reserved for UDP header®/+4/*Reserved Bytes®/));

if [{{{MunberofFragnentsPerNall * (NumberOfBytesPerMaly-(46/*RTP Headers®f+24/"® ¥
Reserved for UOF header®*/+4/*Reserved Bytes®/)))+3)-NumberofBytes| counter]jc@)
{{f there iz one more last fragment needed to store all payload
NunberofFragmentsPerdalis+t;
}

}
CreatedaluBytes(BstrEyte, RtpBitbufCounter B, NumberofFragmentsPerialy, BpaddingByte ) ;
n=fwrite (RtpBitbuf,l,RtpBitbufCounter,strEyte. Outleft);

info.MalOverHeadBytes+=5; / /5 Nal Header Bytes{2 Headers({5,8}]
{*note:H.264/A0C have been erased®/

else if(viewid[counter]==1 B paran.RightVies!=NULL)
{/fnon base view
n = fread{Bitbuf,1,NumberofEytes [counter], streyte  RightView);
if (FuMpde==8}
{
RtpBitbufCountersPacketizeFragmentationMalunits(NunberofBytes[counter] ,Bithuf, ¢
RtpBitbuf  seq, NunberdfFragmentsPerialy, FuMode BpaddingByte ) ;
seqraNumber0fFragment sPerialy;
1
else if{FuMode==1)
{
rtpeithbufCountersPacketizeFragmentationbalunits(NunberofBytes| counter] ,Bithuf, ¥
RtpBitbuf , seq, NunberdofBytesPertiall, FuMode  paddingByte) ;
seqr=RtpBithuf [ RtpBithufCounter];

if{FuMode==1}
{

HumberOfFragmentsPertialU=NunberofBytes] counter |/ (NumberofaytesPerNalu- (26 /*RTP Headers @
*f+28/*Reserved for UDP header®f+4/*Reserved Bytes®/));

if ({{(MumberofFragnentsPerNall * (NumberofBytesPerfalyu-{46/*RTP Headers®/+2a/* "4
Reserved for UOP header® /+4/*Reserved Bytes®/)))+9)-NumberofBytes| counter])«a)
{f! there is one nore last fragment needed to store all payload
NumberOfFragmentsPerialivs;
}

}
CreatedaluBytes(Astréyte RtpBitbufCounter 1, NumberofFragmentsPerialy, BpaddingByte ) ;
nefwrite (Rtpitbuf, 1, RtpRithufCounter, streyte. outRight);

infao.NalOvertesdBytes+=2; /8 Nal Header Bytes(2 Headers(5,3))

{*mote:H.264/A0C have been erased*/

infa.RtpivertHesdBytes= info. RtpOvertdeadBytes+( RtpBitbufCounter-NunberdfBytes [counter] );
info.NumberDfFromes+=1;
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I:CIHI'ItE'r"'i'_;

1/ while{viewid|counter]==8 || viewid[counter]==1})

}felse if{PacketizationModes==2)

frlose(strEyte. LeftView);
frlose(strEyte. outLeft);
frlose(strEyte.NalUBytes);
if(param.RightVies ! =NULL)
{
frlose(strEyte.Rightvies);
frlose(strEyte.OutRight);

}

Infa{info,seq+3, PacketizationMode ) ;//printf info

system( "pause”);

B14



» B. MVC MST RTP Depacketizer

O =d O LN B Ll B e

L=

18
18
19
26
27
32

3
=
a

A

56

#include <stdlib.h:
#inclidecstdlio. s
#include <lostreans
#include <lomanips
#include <fstrean:
using mamespace std;

f*Declaration of lnput and output flle names*/

typedef struct userParams userParan_s;

f*Declaration of Files*/

typedef struct byteStreams byteStream s;

J*Recognition of the position of the frame in GOP *f
typedef struct reconstructCounters reconstructCounters;
J*Reconstruction of lost NALU headers [FU-A Bytes)®/
typedef struct storeMvcHeadersstore MvcHeaders;
[*Decodable frames counters*/

typedef struct nunberOfDecodedFramesnumberOfiecoded _Frames;

5 f" Parse command line arguments */

static int parsedrg(int argc, char **argy, userParans *param)

47 f*print usage informatlon.®/

a8

93

94
142
143
144
145
183
184
185
186

'I'h{l

137

static vold wsage(void)
/*0pen Flles*/
static Int openFiles{userParan_s *param,byteStreams *stryte)

f*Packetization modes/
static int ModeCheck(int counter,unsigned char *RtpBitbuf byteStreans *striyte)

JADEPACKETIZATION®
static int DepacketizeSPS(int FirstBytesMusber,unsigned char *RtpBIthuf,unsigned char *PayloadBitbuf)

127 static int DepacketizeSingleNalUnit(int counter,unsigned char *RtpBithuf,unsigned char *PayloadBitbuf, o

EN ]
E) ]

L
==

417
418

FILE *p,int FrameCounter umberOfDecodedFranes *nunberOfDecodedFranes, Int viewld)

static int DepacketizefggregationMalUnits(int counter,unsigned char *RtpBithuf,unsigned char *
PayloadBitbuf, int RtpFlag,FILE *p,int FrameCounter,nunber0fDecodedFranes *numberOfDecodedFrames, 1nt.r
\rlEHIﬂ reconstructCounters "N{IHP:IMI"ItrEI‘:I

static int DepackstizeFragmentationNalUnits(int counter,unsigned char *RtpBitbuf,unsigned char * ¥
PayloadBithuf, int Fragments,FILE *p,int FrameCounter,numberdfDecodedFrames *nusberOfDecodedFranes, o
Int leHIﬂ,f‘ELmﬂI‘IJEtl:NI'ItEr"E "r"l!{l:ﬂ:l'.'ﬂ.l'ltl!l‘:l

static int DepackstizefragmentationNalBytesveFu(int counter unsigned char *REpAItOuf,unsigned char *

PayloadBithuf, int Fragments,int NusberOfPaddingBytes,int viewId,reconstructCounters *reconfounter, w
storeMycHeaters *storedvoNALUMeader, Int errorConceal FILE *p,int FrameCounter, o
rusberdflecodedFranes *nunberOfDecodedFranes )

int main{int argc, char **argv) {
uSerFParams paran;
byteStreans strbyte:
nusberflecodedrrames nusber0flecodedFrames ;
nusbe rfiecodedrrames . baseViesCounter=nuberOfDecodedrranes . nonBaseviesCounter=a,
nusbe rifiecodedrranes . baseViswl ostCounter snunberdfDecodedFranes . nonBaseViewlostCounter=a;

reconstrectlounters r‘emm:mnter;
reconCounter.Base View FU_Indicator=recoaCounter.non_Base Vies FU_Indicator=g;

storeMviHeaders sToreMyCNALUHeader

B15



541
042

044
845
045
047
048
349
058
951
852
453
054
855
056
457
054
859
364
861

storeMvecHALUHeader . 1drPref LxNALUHeader =(unsigned 1nt*)malloc(5*sizeof(int));
storeMycHALUHeader . nonTdrPrefLxNALUHeader=(unsigned 1nt*)nalloc(5*sizeof(int));

f*Initialize prefis MALU Headers of Base ViewtS
storeMvcHALUHeader . 1drPref LxNALUHeader [8] =storeMvehNALLMe ader nonldrPrefLoMl Meader [8]-8xde;
storeMveMALUHeader , 1drPref LxNALUHeader [1]=0x01
storeMvcHALUHeader . nonTdrPrefLxNALUNeader [1]=8x41;

storeMvcMALUHEader . 1drPref LxNALUHeager [ 2] =storeMyehALLMe ader . nonldrPreFLoMl Meader [ 2]-0x00;
storeMvcHALUHeader . 1drPref LxNALUHeader 3] =0x07;
storeMveHALUHeader . nonTdrPrefLxNALUHeader [1]=0x03;

storeMvcHALUHeader . 1drPref LxNALUHeader [4]=storeMveNALLMe ader nonTdrPref Lol Meader [4]-8x8a;

storeMvcHALUHeader . nonBaseVl ewPref LAl IMeader=(unsigned int*)malloc(5*sizenf(int));

MInitialize preflx RALU Headers of non-Base View*/

storeMveNALUHEader . nonBaseVlsPref LaNALHeader [ B ]=Bx2e;
storeMveiALUHeader . nonBasevlewPref LAl UHeader [1]=0xd1;
stnmum.u-leader.nmaasem&#r&mm.u-&eaaer[z}:anm;
storeMvoialiHeader . nonBaseVlewPrefiaial UHeader [ 3 |=6x4l ;
storetvelal IHeader . nonBasevlesPref 1aal UHeader [4 ] =Bx88;

storeMveRALUHeader . codedS1ice0fMecExtension=(unsigned int*)malloc(3*sizenf(int));

f*Initlalize Coded Slice OF MVC Extension®/

storeMvchALUHeader . codedS 11 celfMveExtens1on [A])=Axdl;
storetvclal IHeader . codedS1 Loe0fMecExtens 1on [ 1]=Axea;
storeMvchALUHeader . codedS11celfMveExtension [ 2 ]=fxdl;

int value;

int FirstByteshunber;

int counter=-1;

int temprounter=g;

int AggregationNalsCounter=a;
int RtpBltbuflounter=8;
int PayloadBltbufCounter=8;
int DePacketizationMode;
int n;

int Fragments=g;

int FuMode=@;

int VideoMode=1;

int * temp;
int * viewld;

L]
L]
int * WumberOflytes;
int * NumberOfFu;

int * WumberOfPacdingBytes:

wiewld=(1nt* Jnalloc (100008 sizeof(1nt) )
NusberOfBytes={1nt* Jnalloc{160806%sizeof [ 1nt));

temp=( 1nt* )nalloc IB00E s zent (int));
NusberOFFu=( 1nt* malloc(1800068* sizeof|int));
NuberOFPagdingBytes=( int* jsalloc (1008008 s1zeof (1nt));

unsigned char *RtpBIithuf;

unsigned char *Paylnadithif;

RtpBitbuf=(unsigned char®)malloc(186000%sizenf(int));
PayloadBithuf=(unsigned char*)malloc(1p8068*sizesf (int));

printF(=iniThTATeeessssssaiasssniasababraniai\ T E\E® MUC/AVC RTP DEPACKETIZER *\n\tit\Leesssssssss o
iiiiitiitutniunﬁn-ﬁ.n-“

f* Parse comsand line arguments *f

if [|parseArg(argc, argv, Eparam))

{/*Print depacketizer usage information*/
usage();

B16



1666
1687
1688

1618

1817

1628
1621
1622
1621
1624
1625
1626
1627
1628
16249
1638
1631
1832
1633
1634
1635
1636
1637
1638

1a48

1648
1645
1858
1631
1852
16833
1654
1835
1856
1857
1858
1659
1668
1661
1662
1663
1664
1665
1666
1667
1668
1669
loTa
1671

exlt(1);

f*Open coded packetized files/
VideoMode=openFiles (Gparan, Bstriyte):

M*5kip first rtp header*/

striyte MallBytes. seekg(38);

F*Temporarily store all values of MalUBytes on temp|]®/
while (strByte NallBytes > valug)

1F{counter==-1)
{#/5tore parameter sets NoOfbytes
FirstByteshumber=value;

alse

teg [ counter |=value;

Counters;

}

,f"SE-PEI‘.itE Parameter Sets®*/
for(int J=B;j<counter-1;j+=4)

1f(VideoMode==8 & tenp[{]=1)

[*backwards compatibllity*f

{*If an MVC coded sequence -» If only base view Inserted
-yerase the bytes of the non base view WALU®s*f

}

elsg

{
viewld[tenpcounter ]= temp[7];
Nunber(fBytes| tempcourter | =temp[ J+1];
MusberOfFu| tempoounter |=temp[ 1+2];
Munber(fPadd ingBytes [ tempcounter |=temp[ §+3];
TERpCOUTTEr++;
}

}

stirfyte . MallBytes. close();

[*Read Parameter Sets from LeftVlew.264%/
n = fread(RtpBithuf, FirstByteshunber, 1, striyte. Leftiie):

[*Depacketize Paraneter Setst/
Payloadei thufounter=Depacket12ePs | FirstByteshumber  RtpaIthuf  PayloadBithuf) ;
furite (PayloadBithuf,PayloadBltbufCounter, 1, strllyte.outdd);//Store to File

printf("\nSearching for the payload structure of the bitstrear:™);
J*Check for packetization mode*/
DePacketizatinnMode=ModeChack( NunberOfBytes (@), RtpBithuf  Bstriyte);

printF(™\nlumber OF MALU®s=Xd\n", tenpcounter) ;

[*Create two files for two views -» number of the decodable frames *f
char *filel = "Base_Vies Frame_Information, tet™;

char *file} = “Non_Base Wiew Frame_Information. twt™;

FILE *hase = HULL;

FILE *nonbase = NULL;

int baseViewFrame ounter=A;
int nonBaseVlewFramelounter=0;
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1184
1185
1186
1187
1188
11849
1118
1111

1112
1113
1114
1115
1116

:'.J.E

1128

1121
1133
e
1124
i
1126

54757

1128

1138
1131
1132
1133
1134

if(fopen(filel, *r*))

remave (F11e1)

base=fopen{filel, "w");
iF(fopen(Filal, “r"))
{

remove(Filel);

ronbase=fopen(Filel, “w");

/*REMINE RTP HEADERS AMD JOIN 2 FILES®/

f*5ingle Nal Units Modes/
counter=a;
1f{DePacketizat lonMode-=0)

f*5MU loog* !
while(viewld[counter =<8 || viewld[counter]==1 )

F*Base View*/
1F{viewld[ counter]==2)
{/iRead one packet
1f(counter!=8)//first nall buffered at node ckeck
n = fread{RtpBitbuf, 1, hunberOfBytes [counter], striyte . LeFtVien)

/*Depacketize®/

PayloadBithufCounter=Depacket]zesingleNallint (NusberOfBytes [ counter |, REpBIhUF,
PayloadBithuf, base,baseiewFraneCounter,BnunberOflecodedFranes,);

n=fwrite (PayloadBitbuf,1,Payloaditbuflounter, strlyte outdd);

baseViewFraneCounter+;

f*non Base View*/S
else if(viewld[counter]==1 B& VideoMode==1)
{//read one packet
n = fread(RtpBitbuf, 1, NusberOfBytes|counter ], striyte. Rightvies);
PayloadBithufCounter-DepacketizesingleNalunit (NumberoFBytes [ counter |, REpBLThUF,
PayloadBitbif, nonbase,nonBaseViewFrameCounter BnunberOfDecodedFranes,1);

n=furite (PayloadBitbuf,l,PayloadBitbufomter, strlyte. outdd);

nonBasevienfranelounterss
}
COURTErts )
}
1

JYSTAR-A Mode(Aggregation packets)s/
else 1f{DePacketizationMode==1)
{
int MonBaselounter=8;
int tespflagBase=g:
int tempflaghonBase=g;
int MumberOftggregationkals|[998a][2];
1At sequenceMode=2;

int *RtpHeaderFlag;
RtpHeaderflag=(1nt *)malloc(188068*sizecf(int));

RtpHeaderf lag[e]=1;
FOP (ANt 1=1;14180808; 1++)

{

B18



1148

1158

1F( (viewld[1]==8 && viewld[1-1]==1) || (viewld[1]==1 &% viewld[1-1]==8})
{
RtpHeaderflag[1]=1;

else
RtpHeaderFlag[1]=8;
}

printf(~\n\nSearching for STAP-A Made :\n"};

[*For Different MALU Size -» change the bellow values®/

1F( ( (MunberOfBytes [A]+104)>1824 BE (NumberOfBytes[d]-108)<1824) || {(NusberOfBytes[8]+188):
512 && (NunberOfBytes[d]-188)¢512) || ((NusberOfBytes[d]+188)>1478 && (NusberOfBytes|d]-188)
<1478))

sequenceMade=1;
printf(“Each Frane is encapsulated in more than one MALUS.\nnhn");

else
printf(“Each Frame is encapsulated in one WALLS\N\AWN™);

f*1st Case - create the Decoding Order OF the NALL's*/
1f(VideoMode==1 B& sequenceMode==8)
{

AggregationNalsCounter=a;

for{int 1=8;1c18608; 1++)
{
NumberdfaggregationNals[1][e]=8;
NumberdfAggregationNals[1][1]=¢;

for(int 1=8;1ctempcounter;iet)
{//enpcounter=nunber of MALS
wihile(viewld[1]==8)
{

WunberOfAggregationNals [AggregationNalsCounter | [8]+s;
14+

}
while(viewld[1]==1)
{

NurberOfAggregationNals [AggregationNalsCounter | [1]++;
1++;

}

1f{Aggregatiorial sCounter 1=4)
NumberfaggregationNals [Aggregat lonNalsCounter | [@]+=MunberOfAggregat lonNals
[4ggregationMalsCounter-1][1];

NumberOfaggregationials [Ageregat ionNalsCounter | [1]+=SunberOfAggregat lonNals
[AggregationNalsCounter | [8];

1--3
AggregationialsCounter++;

NonBaseCounter-NurberOfaggregationials[a][8];

}

{*Depacketize*f
{*STAP-A Loap*f
while(viewld[counter]==8 || wiewld[MonBaseCounter |==1)

/*if base view®/
If (wlewld | counter|==8)
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1f{counter!=a)
n = fread{RtpBithuf, 1, MunberdfBytes [ counter ], striyte . Leftiies);

/*Depacketize the aggregation unit*/
1f [ RtpHeaderflag[ counter |==1)
PayloadBithufCounter=Depacketizefpgregat londallndts | NusberOfBytes| counter |, Atpllthuf,

PayloadBithif 1, base,basevissFrameCounter  Anusber{fDecodedfranes B, BreconCounter ) ;

else
PayloadBitbufounter=DepacketizeAggregationallndts (Nusber0fBytes  counter ], REpBLthUF,
PayloadBithuf @, base,baseViewframeCounter BnusbertfDecodedfranes @, BreconCounter ) ;

{*5tore the MALU to File*/
n=fwrite (PayloadBlthuf,1,PayloadBitbuflounter, strlyte.outld);

baseViewFraneCounter+;

}

Sf*non Base View*S
1f{VideoMode==1 BE vlewld[NonBasefounter]==1)

n = fread({RtpBithuf, 1, MumberOfBytes [NonbaseCounter], strbyte RAghTVied);

/*Depacketize the aggregation unit*/
1f [RtpHeaderf lag[ NonBaseCounter|==1)
PayloadBithufCounter=DepacketizeAggregationialuni ts (Nusber0fBytes [NonBaseCounter] ,

RtpBithuf ,PayloadBlthuf, 1, nonbase, nonBaseVlewFrameCourter  BnurberOfDecodedFranes , 1, 8reconCounter ) :

alse
PayloadBithufCounter=DepacketizeAggregationkallnits (NusberOfBytes [NonBaseCounter ],
RtpRithuf ,PayloadBitbuf, 8, nonbase, nonBaseViewFrameCounter  numberdfDecodedFrames , 1, SreconCounter ) ;

{*store the HALU to files/
n=fwrite (PayloadEitbuf,l,PayloadBithufCourter, strlyte.outld);

nonBaseviewFraneCounterss

{*If all Frames have one MALU --» find the next aggregation unit */
1f( sequenc eMode==8)

1f(counter« | MunberOfaggregationkals [ tempflagBase | [8]-11)
{

COUnterd:;

}

else

counter=Nurberdfaggregat lonNals [ tenpflagBase | [1];
tempflagBase++;
}

1f (MorBaseCounter ¢ | NunberOfAggregat Lonkals  tenpflaghonBase | [1])-1)

NonBaselounter++;

}

else

{
tempflaghonBase+t;
NonBaselounter-NurberOfaggragat ionNals | tenpflaghonBase | [8];
}
}

I each frame have more than 1 NALU'S */
else

{

Counterss;

W
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1261

NONBASECOUNTEr++

else 1f(sequenceMode)

COUNters;
NonBaselountarss

alsa
COUNters;

}

JHFU-A Mode{FragRentation Units)®/
else 1f{DePacketizationMode==2)

printf("\n\nSearching for FuMode:\n");
Fragment s=hunberOfFul @] ;
for{int 1=1;1<30000; 1)

1f{MumberOfFu[1] \=Fragments S8 MumberOfFu[l]!=(-842158451))
FuMode=1;
}

int errorfonceal=d;
1F(Fubnde==1)

printf("Bytes/FU Mode--3411 RTP packets have the same number of bytesin®):
printf{"Error Resilient Algoritm (8-false / 1-true):");

scanf("%d", herrorConceal ) ;

prAntF{"\aLnha);

}

alse
printf("FU/NALU Mode--3A11 NALS have the same number of Fragments:¥d\n\n\n®,MunberOfFu[B]);

J*FU loop*/
while(wlewld[counter |==8 || viewld|counter]==1)

fbase view*S
ifivie-id[cmnter]::ﬂ]

if{counter!=8)//first nal buffered at mode ckeck
i = fread(RtpBitbuf 1, NusberOfBytes| counter |, striyte. LeFtile) ;

Jf*Depacketize the NALU's of one Frame®/
1f{Fubode==8)//1f Fu/HALY mode
PayloadBithufCounter=Depacketizef ragnentat 1onNalunlts | NumberdFlytes [counter], o
RipBithuf,
PayloadBithuf  NumberOFFul counter ], base, baseViewFrameCounter  BnusberOfDecodedFranes B, o
Brecon(ounter) ;

else 1f(Fubodes=1)//if bytes/fu mode

PayloadBithufCounter=DepacketizeF ragnentat ionMalBytesvsFu(NusberDfBytes [counter], o
RtpBithuf ,PayloadBithuf  NumberOfFu[ counter |  MusberOfPadd IngBytes [ counter | 8, BreconCounter & W
storeMvcHALIMeader , errorConceal , base, baseVlewFrameCounter , SnumberdfDecodedFrames ) ;

n=fwrite (PayloadBithuf,1,PayloadiithufCounter, striyte.outld);
haSE&ieuFPﬂﬂECDuﬂtEF1+j

f*non Base View®/
else if(viewld[counter]==1 B& VideoMode==1)
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1322

1123
1124
1325

1326

131737
ALt

1328

1348

1341

1342

1343
1344
1345
1346
1347
1348
1345
1358
1351
1352
1153
1354
1155
1356
1157
1358
1359
1366
1361
1362
1363
1364
1365
1366
1367
1368
1360
1378
1311
1372

1373
1374
1375

1376

fi = fread|RTpBltbuf 1, Number0fBytes | counter |, streyte. REghtVIe) ;

f*Depacketize®/
1f(FuMode==8)//1f Fu/NALU mode
PayloadBithufCounter=Depacketizefragnentat ionNallnits | NumberOfBytes [counter], "]
RtpRithuf , PayloadBitbuf, NumberOfFu[ counter ], nonbase, nonBaseViewFraneCounter , BnumberOfDecodedFrames, o
1,EreconCounter ) ;

else 1f(FuMode==1)//if bytes/fu mode
PayloadBitbufCounter=DepacketizeFragnentat ionNalBytesvsFul NumberOfBytes[counter], o

RtpB1thuf ,PayloadBlthuf  NumberOfFu counter |  NusberOfPadd IngBytes [ counter | , 1, BreconCounter, & W

storeMvcHALLMeader , errorConceal , nonbase, nonBaseviessramelounter  SrusberOfDecodedFrames ) ;

n=fwrite (PayloadBithuf,1,PayloadBitbuflounter, strlyte.outdd);
mrﬂameﬁr‘mcumterﬁ;

COUNTer+;
}ifend of while
}riend of 1f packetization mode

fprintf{base, "\nTotal Kunber OF Decoded NALL'S: ¥dyn® , numberOfDecodedFrames . baseViewCounter);
fprintf{nonbase, "\nTotal Kunber OFf Decoded WALL'S: Xdyn™numberdfDecodedFrames . nonBaseViewCounter) o

r

forintf(base, "\nTotal Mumber OF Lost MALL's : %d\n",numberOfDecodedFrames . haseVlewLostCounter) ;
forlntf(nonbase, "\iTotal Wusber OF Lost NALU'S : %d\n",number(fDecodedframes. ¥
ronBaseviewlostCounter);

felose(base);

felose(nonbase) ;

Frlose|strlyte, Leftvien);
frlose(striyte,outdd);

J/renove(paran . LeFtvieu) ;

J {renove (paran  NallBytes ) ;

1F( { ( Fopen(param. R1ghtView, "rb")) 1= NULL) B& paran.R1ghtView!=NULL)

frlose(strdyte. RightVies);
J {remave [ param. R1ghtvies)

printf(™\nRkTP DEPACKETIZATION FINISHED®);

i (DePacket1zationMode==a)

printf(*\n----- Single Wal Units Depacketized------ Witk

printf(*\n-----STAP-A4 Units Depacketized------ ")

printf(*\n-----FU-4 Units Depacketized------ )

exdt(1);
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» MVC MST UDP/IP Server

1 import javax.swing.JFrame;

2

dpublic class QuoteSarver

41

5 public static void main(String[] args)

& |

7 GUI gui=new GUI():

8 gui.setDefaultCloseOperation(JFrame. EXIT ON CLOSE]) j
] gui.setSize (210,130);

10 gui.setAlwaysOnTop (true) ;

11 gui.setVisible (true);

12 )

13

14}

1l/import javax.swing.JFrame;

2 import javax.swing.JLabel;

3 import javax.swing.JTextField;

4 import javax.swing.JButton;

Simport java.awt.FlowLayout;

&

7 import java.awt.event.ActionEvent;

8 import java.awt.event.ActionListener;

o
10/ import javax.swing.JOptionPane;
11
12 public class GUI extends JFrame
134
14 private JLabel hostLabel;
15 private JLabel packetLabel;
16
17 private JTextField hosztField;
i8 private JTextField packetField;
19
20 private JButton button;
21
22 public GUI()
23 {
24 JI Titl
25 super ("MVC MST RTP UDF/IF Streamer™);
26
27 FlowLayout layout=new FlowLayout():
28 layout.setAlignment (FlowLayout. LEADING) ;
29 setLayout (layout) ;
30
5 e omponents—---—-——-—-
3z
33 hostLabel =new JLabel ("Server IP "1z
34 packetLabel=new JLabel ("Packet Size:");
35
36 hostField=new JTextField(1l0):;
a7 hostField.setText ("1%2.168.1.2");
38 hostField.setToolTipText ("Add a wvalid Server IEF™);
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
33
=13
57
58
59
&0
61
62
63
64
&3
66
&7
68
&9
70

72
73
74
15
16

packetField=new JTextField(10);
packetField.setText ("1024");
packetField.setToolTipTex

("Add the desired packet size in Bytes™) j

button=new JButton

(" Start Streamser Y

add (hostLabel) ;
add (hostField) ;
add (packetLabel) ;
add (packetField);
add (button) ;

ButtonHandler handler=new ButtonHandler () ;
- - 1 - o 13 k) =

button.addActionListener (handler) ;

private class ButtonHandler implements ActionListeney
{

String host;

int packetSize;

public volid actionPearformed (ActionEvent event)

if (hostField.getText () .isEmpty () ||
packetField.getText () .i1sEmpty () )
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77 JOptionPane. showMessageDialoginull,

78 "Please fill the fields", "ERROR"™,0) j
79 ]

80 else

81 {

g2/ *———————- Store wuser input data-------—- "

83 host= hostField.getText():

84 packetSize=Integer.parselint (packetField.getText () )
85

a6 *Ctart

87 EstablishConnection establish=

g8 new EstablishConnection (host,packet3Size) ;
89 *Create a TCP/IP connection and Send

90 Sequence Paramenter Set and NALU Information *

91 establish.sendParameterSets() ;

92 *Create UDP/IP connections*

93 aestablish.aestablishlUDPConnection() :

94 }

95 }

956 ]

97|}
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1|/import java.io.File;

2

3import java.io.InputStream;

4 import java.io.OutputStream;

Simport java.io.FilelnputStream;

6 import java.lio.BufferedInputStream;

7

8 import java.net.Socket;

g|import java.net.ServerSocket;

10 import java.net.SocketBAddress;

11 import java.net.InetSocketAddress;

12

13import java.util.concurrent.Executors;

14 import java.util.concurrent.ExecutorService;
15

16 import java.net.UnknownHostException;

17 import java.io.IOException:

18

19 import javax.swing.JOptionPane;

20

21 public cla=s=s EstablishCennectien

22|

23 private String host;

24 private int avcMvcChoice;

25 private int packetSize;

26

27 private long leftCounter;

28 private long rightCounter;

29

30 protected File leftfile;

31 protected File rightfile;

3z protected File nalUBytes;

33

34 QuoteServerThread baseViewThread;

35 duoteServerThread non baseViewThread;
36

37 public EstablishConnection (String host,
38 int

packet3izdg

B26
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nalUBytes = new File ("MNalUBytes.txt™);
leftfile = new File("leftfile.2cd™);
rightfile = new File("rightfile.264");

if{(nalUBytes.exists() || leftfile.exists()

rightfile.exists())==falsd

JoptionPane.showMessageDialogi(null,

"No Video Files Found","ERROR"™, 0)

System.exit(1l);

this.avcMveChoice=0;
this.host=host;
this,.packetSize=packetSize;
leftCounter=0;
rightCounter=0;

protected vold recognizelAveOrMveTrasmission
{Socket

try
{

System.out.println("Receiving information.

o

byte [] mybytearray = new byte [1];
InputStream is = sock.getInputStreaml();

i=z.read (mybytearray,0,1);
avcHMveChoice=mybytearray([0]

if {aveMveChoice==0)
System.cut.println{"MVC Transmission");
if (aveMvcChoice==1}
System,ocut.println("Avc Transmission"™);
iz.close();

socH

"y
. F
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78
79
80
81
82
83
84
85
86
a7
88
89
90
91|}
92

catch (UnknownHostException ex)

JoptionPane.showMessageDialog(null,

"UnknownHostException™, "ERROR", 0)
System.exit (1) ;
}
catch (IOException gx]
{
JoptionPane.showMessageDialog(null, "I0OException-1"

, "ERROR", 0)

System.exic(1l);

g3iprotected void sendParametarSets ||

a4 |
95
96
a7
98
99
100
101
102
io03
104
105
106
107
108
109
110
111
112
ii3
114

int SpsLength;
byte [] nalUByteslArray =

new byte [(int)nallBytes.lengthi()]

byte [] SpsArray;
byte [] SeparateFlag={22Z,22};

ServerSocket servsock:

try

servsock = new ServerSocket():

SocketAddress sza=new InetSocketAddress (host,2050)

servesock.bind(=a);

System.out.println("Server Listening to:"
t+zervsock.getInetAddress () )

Tcp Connection---Waiting..."™)

System.ocut.println(

Socket sock = servsock.accepti():;
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IS fEEﬁg"IEEEUEUEHUEIEEE]H].SS].DH [SOCK]) »

116
117
118
119
120
121
122
123
124
i35
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

sock = servsock.accept();
System,out.println("Accepted connection : "+sock)

FileInputStream fis =
new FileInputStream(nalUBytes)
BufferedInputStream bis =
new BufferedInputStream({fis)

bis.read(nalUBytesArray,0,nalUBytesArray.length) j

String[] wvalueStr =
new String(nalUBytesArray).trim({) .split("\\=+")

Spslength = Integer.parselnt(valueStr[l]);
SpehArray=new byte [Sp=Length]:;

FileInputStream fisZ =

new FileInputStream(leftfile) i
BufferedInputStream bis2 =

new BufferedInputStream(fisz) ;i

bisZ.read (Sp=sArray, 0, Spslength) ;
leftCounter+=SpsLength;

OutputStream os = sock.getOutputStream()

System.out.println
("Sending Segquence

os.wWrite (SpsArray, 0, Spslength) ;
os.flush();

Y ey Py s wy
dfdlielelacl P i,

o8 .Write (SeparateFlag, 0, SeparateFlag. length)

B29
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i55
156
137
158
159
160
161
162
163
164
i85
166
167
168
169
170
171
172
173
174
175
1786
177
178
179
180
181
182
183
184
185
186
187
188
189
190

A4

os.flush{);

System,out.println{"Sending NalUBytes ..."});
oz .Wwrite (nalUBytesArray,0,nalUByteshArray.length) j
os.flush{);

os.claose();
sock.closa () ;
serveock.cloze () ;
fis.close();
biz.cloze();
fis2.close();
bis2.close();
)
catch (IOException ex)
{
JoptionPane.showMessageDialog(null,
"Cannot Bind to the Specified Socket
+ "Address: "+hest,"ERROR",0):

System.exit(1l):

protected void establishUDPConnection ()
{
if (avecHMveCholice==0)
{/*5tart 2 Threads for MVC transmission*
QuoteServerThread base=
new QuoteServerThread
(packetSize,leftfile,
leftCounter, 4445, "Base View"):
QuoteServerThread non_base=
new QuoteServerThread
(packetSize ,rightfile,
rightCounter, 4446, "Non Base View");
ExecutorService threadExecutor=
Executors.newFixedThreadPool(2) ;
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152
153
194
185
1556
157
158
159
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

aas
230
231
232
233
234
235
236
237
238/}

private void restartServeri|)

EstablishConnection establish=

establish.sendParamaeterSets () :

establish.establishUDPConnection() ;

threadExecutor.execute (baze) ;
threadExecutor.execute (non_base) ;

threadExecutor . shutdown [) 2

while (!threadExecutor.isTerminated() )

}

alze

{ Thread for MV
QuoteServerThread base=
new QuoteServerThread(packetSize,leftfils
fleftCounter, 4445, "Base View")

ExecutorService threadExecutor=

Executors. newFixedThreadFool (1)
threadExecutor.execute (baze) ;
threadExecutor.shutdown () :
while (!threadExecutor.isTerminated() )

}
restartServer();
System.err.println("Restarting Server"):;

new EstablishConnection(host, packet3Size);
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1|/import java.io.File;
2 import java.io.FilelInputStream;
3import java.io.BufferedInputStream:;

4

S import java.net.DatagramPacket;
6import java.net.MulticastSocket;

7

8 import java.io.IOException;
gimport java.net.SocketTimeoutException;

10

11 import javax.swing.JOptionPane;

12

13public class QuoteServerThread implements

141
15
16
17
18
19
20
21
2%
23
24
25
26
27
28
29

private String threadName;
private int packetSize;
private boolean moreQuotes;

byte[] receiverBuf;
byte[] buf;

DatagramPacket packetl;
DatagramPacket packetZ;
FileInputStream fis;
BufferedInputStream bis;
protected MulticastSocket socket;

protected File file;

Runnable

30 public QuotaSarverThread (int packetSize,File file,
Long counter, int port,S5tring threadHame)

31
32|
33
34
35
36
37
38

this,.packetSize=packetSize;
this.file=file;
this.file= file;
this.threadilame=threadName;

receiverBuf=new byte[l6]:
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buf = new byte|[packetSize];

packetl = new DatagramPacket (receiverBuf,
receiverBuf. length) ;
packetZ = new DatagramPacket (buf,

buf. length) ;

morefuotes=true;

try

{
fizs = new FilelnputStream(file);
biz = new BufferedInputStream(fis);

biz,.skip (counter);
} catch (IOException egx)

JoptionPane.showMessageDialeg(null,
"File Not Found
+Thread.currentThread() ,
"ERROR",0) ;

System.exit(1l);

try
{
socket = new MulticastSocket (port);
}
catch (IOException ex)
{
JoptionPane.showMessageDialog(null,
"I0Exception-3 "+
Thread. currentThread()
« "ERROR™,0);
System.exit(1l):
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@public void run()

79

80 - Threads nar

g1 Thread.currentThread() .setName (threadName) ;
82

a3 System.out.println("Sending Sequense of "+
84 Thread.currentThread() .getName ()
85 +" through Udp");:
46 while [(moreQuotes)

a7 {

g8 socketConnection(); end one packet

89 ]

90

91 System,.out.println("End Of Transmission in "+
92 Thread. currentThread() .getName () ) ;
93 informClient () ;

94 socket.close ()

95 socket.disconnect () ;

96 |

87

98

gaprotected vold getNextPacket ()

100|{

101 try

102 {

103 if({bis.read(buf,0,packetsize)==-1)

104 {/*If EOF stop transmi ion*

105 morefuotes = false;

106 ]

107 ]

108 catch (IOException gx)

i09 {

110 JoptionPane . showMessageDialog(null,

111 "IOException-4 in "+

112 Thread.currentThread() .getName () ,

113 "ERROR",0) ;

114 }
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117 protected wvold socketConnection ()

118|{

119

120 try

121 {

i22 o 1

123 try

124 {

125 *Set SoTimeout ,

126 * If reguest lost->connection end->=r

127 socket.setSoTimeout (3000)

128 socket.receive (packetl);

129

130 If x iver in id of a normal reguest |
131 - ent (1,1l)->*Connection

132 if(receiverBuf[0]==1 && receiverBuf[l]==1)

133 {
134 System,out.println({"Connection Problem

in

135 +Thread. currentThread() .getName ()
136 +" Channel™);

137 morefuotes=false;

138 ]

139

140 roate Dac ke

141 getNextPacket ()7

142 * figure out response->=zend the respons:

143 * to the lient at "addre " and "port
144

145 packet?,setData (buf) ;

146 packetl.setLength (buf.length);

147 packetl.setAddress (packetl.getAddress());
148 packet?.setPort (packetl.getPort());

149

150

151 socket.send(packetl);

152 ]
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i55
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158
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160
161
162
163
164
i85
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167
168|)
169

catch (SocketTimeoutException gX)

System,err.println{"User stopped the tranasmission
+ "in "+Thread.currentThread() .getName
+"™ Channel™)

morefuotes = false;

}
catch (IOException g)
{
System.out.println("Packet Lost in "+
Thread.currentThread() .getName () ) ;

170 public void informClient ()

171
172
173
174
175
1786
177
178
179
180
181
182
183
184
185
186
187
188
189
190|)

A4

for(int i=0;i<packetSize;i++)
buf[i]=0;
packet?,setData (buf) ;
packet,setLength (buf.length):
packetZ,setAddress (packetl.gethAddress ()} ;
packeti.setPort (packetl.getPort());
try
{
socket.send (packet) ;
}
catch (IOException gx]
{
JoptionPane . showMessageDialeg(null,
"ICException™, "ERROR™, 0) j;
System.exit(1);
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» A. MVC MST UDP/IP Client

2

4
5
&
7
8
b
10
11
1z
13
14
15/}

1|/import javax.swing.JFrame;

Fpublic class QuoteClient

public

{

}

GUI

gui.
gui.
.2etAlways0OnTop (true) ;
gui.

gui

static void main(String(] args)
gui=new GUI{);
setDefaultCloseOperation(JFrame.EXTT ON CLOSE) ]

setSize (405, 290) ;

setVisible (true) ;
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1|/import javax.swing.JFrame;

2|import javax.swing.JLabel;

3import javax.swing.JTextField:

4 import javax.swing.JCheckBox;
5/import javax.swing.JRadioButton;

& import javax.swing.ButtonGroup;
7|import javax.swing.JButton;

8|import java.awt.FlowLayout;

9

10 import java.awt.event.ActionEvent;

11 import java.awt.event.fctionListener;
12

13 import javax.swing.JOptionPane;

14 import java.io.File;

15

lépublic class GUI extends JFrame

171

18 private JLabel wvideoLabel;

19 private JLabel plrLabel;

20 private JLabel payloadTypeLabel;
21 private JLabel numberOfAggrOrFragmLabel;
22 private JLabel repeatTransLabel;
23 private JLabel =serverIpLabel;

24 private JLabel ipPacketLabel;

25 private JLabel blank;

26

27 private JTextField videoField;

28 private JTextField numberOfAggrOrFragmField;
29 private JTextField repeatTransField;
30 private JTextField serverlIpField;
31 private JTextField ipPacketField;
32

33 private JCheckBox nalsForFrame;
34 private JCheckBox avcOrMve;

35

36 private JRadiocButton plrHone;

37 private JRadioButton plrOne;

3g private JRadioButton plrTwo;
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private
private

private
private
private
private
private

private

private

JRadioButton plrFive;
JRadioButton plrTen;

ButtonGroup plrButtonGroup:
JRadioButton payloadTypeSNU;
JRadicButton payloadTypeSTAF A;
JRadicButton payloadTypeFU A;
JRadicButton payloadTypeFU A Bytes;

ButtonGroup payloadTypeGroup;

JButton button;

String blackl:

public GUI ()

super ("MVC MST RTP UDP/IF Client™);

FlowLayout layout=new FlowLayout();

layout.

setAlignment (FlowLayout. LEADING) ;

setLayout (layeout) ;

videoLabel=new JLabel

plrLabel=new JLabel ("Packet Loss Rate:"

{"Ty Video Seguenc
)

Type The Name Of The

payloadTypeLabel=new JLabel ("ETF Fayload Typ
number0fAiggrorFragmlabel=new JLabel

("If

STAP / FU Mode then "+ "Type the numbe

repeatTransLabel =new JLabel

("Type the number of the

serverIpLabel=new JLabel ("Scrve

ipPacketLabel=new JLabel ("Zize

blackl="

a:") ]

a:") ]

T

Y

"
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83
84
85
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87
88
89
90
91
92
83
94
95
96
97
98
99
100
101
102
io03
104
105
106
107
108
109
110
111
112
ii3
114

blank=new JLabel (bIlackl):;

videoField=new JTextField(10);
videoField.setToolTipText

{"Insert the name of th

18]
E-
H
(=}
i
o
=
Ay

videoField.setText ("ULli");//Suburban Bridge

number0fAggrOrFragmField=new JTextField(10}:
numberO0fAggrOorFragmField. setToolTipText
("Humber of Aggregation Units/NAL "
+ "or Fragmentation Units/MNAL:"™);

number0fAggrOrFragmField. setText ("1470™) ;

repeatTransField=new JTextField(3):;
repeatTransField.setToolTipText
("If you want more than 1 re-Transmissions "
+ "type the number here") 3
repeatTransField.setText ("3");

serverlpField=new JTextField (1l0);
serverIpField.setText ("1922.168.1.2");

ipPacketField=new JTextField(10):
ipPacketField.setText ("1024™);

nalazForFrame=new JCheckBox ("More HAL Units / "
+ "Frame (Default: 1)",true):

™

avcOrMve=new JCheckBox ("2D (Default: 3D)",true):

plrione=new JRadioButton("O0%",true);
plrOne=new JRadioButton("1:",false);
plrTwo=new JRadioButton("Z:",false);
plrFive=new JRadiocButton("5%",false);
plrTen=new JRadiocButton("10%",false);

B40
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138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

PIrEUCoNGIoUp=New DUCConGEouUpt) s
plrButtonGroup.add (plrNone) ;
plrButtonGroup.add(plrOne) ;
plrButtonGroup.add (plrTwo) ;
plrButtonGroup.add(plrFive);
plrButtonGroup.add (plrTen) ;

payloadTypeSHNU =new JRadioButton(["5HNU",false):;
payloadTypeSTAP A=new JRadicButton
"STAP-A",true) ;
payloadTypeFU A=new JRadiocButton("FU-A", false};
payloadTypeFU A Bytes=new JRadiocButton
("FU-A Bytes",false);

payloadTypeGroup=new ButtonGroupf() ;
payloadTypeGroup.add(payloadTypesSNO) ;
payloadTypeGroup.add(payloadTypeSTAPR A);
payloadTypeGroup.add (payloadTypeFU A);
payloadTypeGroup.add(payloadTypeFU A Bytes);

button=new JButton(blackl+""
+ "Start the Transmission"+blackl);

add (videoLabel) ;

add (videoField) ;

add [avcOrMve)

add (repeatTransField);
add (nalsForFrame) ;

add (plrLabel) ;

add (plrHone) ;

add (plrine) ;

add (plrTwo) ;

add (plrFive) ;

add (plrTen);

add (payloadTypeLabel) ;
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add (payloadTypeSNU) ;

add (payloadTypeSTAP A);

add (payloadTypeFU A);

add (payloadTypeFU A Bytes);
add (number0fAggrOrFragmLabel) ;
add (number0fAggrOrFragmField) ;
add (repeatTransLabel) ;

add (repeatTransField) ;

add (serverIpLabel) ;

add (serverIpField);

add (blank) :

add (ipPacketLabel) ;

add (ipPacketField);

add (button) ;

declaratlc of the button handle

ButtonHandler handlerzZ=new ButtonHandler () :

button.addActionLiztenar (handler?)

private class ButtonHandler

implements Actionlistened

private int packetSize=1024;
private String host="19%2.168.1.2";
private int repeatTrans=1;

private int avcMvcChoice=1;
private String nalls;

private String plr;

private String payloadType;
private int number0fnalls;

private String path;
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192 public void actionPerformed (ActionEvent ewvent)
193 {

184/ " —————————————- u ut data-------—-———-—- N
185

1488 if (ipPacketField.getText () .isEmpty () )

197 {

198 JoptionPane.showMessageDialeog(null,

159 "IF Packet Field is empty.A d

Z2po0+ " ip packet wvalue is going to be used(l024 byte

201 }

202 else

203 {

204 packetSize=Integer.parselint

205 (ipPacketField.getText () ) j
206 }

207

208 if (serverlpField.getText () . isEmpty())

209 {

210 JoptionPane.showMessageDialog

211 (null, "Server IP Field is empty.A default "
212 + "ip walue is going to be used(l192.168.1.2)");
213 }

214 else

215 {

216 host=serverIpField.getText () ;

217 }

218 if (repeatTranzField.getText () .isEmpty())

219 {

220 JoptionPane.showMessageDialog(null,

221 "The HNumber Of Re-Transmission °
399 + "Field i= empty.A

093 + " iz going to be used(l)");

224 }

225 else

226 {

227 repeatTrans=Integer.parselnt

228 (repeatTransField.getText () ) ;
290 4
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230

231 if({avcOrMvc.izSelected()==Lrue )

232 {

233 avcMveChoice=0;

234 )

235 el=e

236 {

237 avcMveChoice=1;

238 ]

239

240/ *f--—————————- reate folder trege-—————————-——- »
241 if(nalsForFrame.isSelected()==true )
242 {

243 nalUs=ipPacketField.getText () +"NALUSiza™;
244 numberO0fnalls=2;

245 )

246 el=se

247 {

248 nallls="1MNalUperFrame";

249 number0fnalls=1;

250 ]

251

252 if(plrlone.isSelected())

253 plr="0%";

254 elzse if(plrOne.isSelected(]))

255 plr="1%";

256 else if(plrTwo.isSelected ()]

257 plr="2%"

258 else if(plrFive.isSelected())

259 plr="5%";

260 else if(plrTen.isSelected())

261 plr="10%";

262

263

264 File f = new File(videoField.getText (}+
265 "/"4+nalls+"/IpPacket™+
266 packetS5ize+"BytesTest")
267 File f2:
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272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
252
2593
294
285
256
297
298
299
300
301
302
303
304
305

f.mkdirs{();

for (int i=1;i<=repeatTrans;i++)

{
System.gc () :
1f:paylaadTypeSTAP A.izsBelected())
{
path=f.getPath () +"/STAP-A"+"/"+
numberﬂngngrFrangield getText ()
+" /" +ple+" "L+ " Test"+" /decodaedVideos";
payloadType="1
}
elsze if(payloadTypeFU A.isSelected())
{
path=f,.getPath()+"/FU-A"+"/"+
numberO0fAggrOrFragmField.getText ()
+" /" 4plr+" /" +i+"Test" 4" /decodedVideos™ ;
payloadType="2";
}
else if(payloadTypeFU A Bytes.isSelected())
{
path=f.getPath({)+"/FU-Abytes"+"/"+
number0fAggrOorFragmField.getText ()
+" /" 4ple+" /" 14" Test"+" /decodedVideos"
payloadType="2";

P
¥

}
else if(payloadTypesSHU.isSelected())

{
path=f.getPath () +"/SHU"+"/"+plr+"/"+i+"Test"

+" /decodedVideos"

payloadType="0";
}
*Create New Folder®

f2=new File(path):

B45
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313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
3i
332
333
334
335
336
337
338
339
340
341
342

if(f2.existzs()j==falzea)

{
f2 .mkdirs();
System,cut.println({"Directory Created");

EztablishConnection establish=
new EaztablishConnection{host,
packetSize,avcMvcChoice, path) 4
*Eztablish Signalling Channel
establish.receiveParameterset () ;
establish.enstablishUDPConnection() ;
while (!establish.getEndFlag())
{

ProcessFiles depDec =new ProcessFiles
(path, payloadType, number0fnalls)
depDec.depacketize();

depDec.decode () ;

try
{
Thread.sleep(2000);
}
catch (InterruptedException gx)
{
JoptionPane.showMessageDialog (GUIL.this,
"InterruptedException™) j
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344 }

345 else

346 {

347 JOptionPane.showMessageDialog(null,

348 "Directory allready exist.Store'
349 + "(cut) these wvalues to a safe '
350 + "place and then try again");
351 break;

352 t

353 }

354

355 JOptionPane.showMessageDialog(null,

356 "Transmission finished") j
357 System.exit (1) ;

358 }

359/ |}

360/}
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1|/import
2

3 import
4 import
5 import
6 |import
7

8 |import
g|import
10 import
11

12 import
13 import
14

15 import
16 import
17

18 import
19
20jpublic
21|{

java.

java.
java.
java.
java.

java.
java.
java.

java.
java.

java.
java.

net .Socket;

io.InputStream;
io.OutputStream;
io.BufferedOutputStream;
io.BufferediWriter;

io.File;
io.FileQutputStream;
io.FileWriter;

io.I0Exception:
net .UnknownHostException;

util.concurrent.Executors;
util.concurrent.ExecutorService;

javax.swing.JOptionPane;

claz=z EstablishConnaction

22 private
23 private

24 private
25 private
26 private

int avcMvcChoice;
String host;
int packetS5ize;

double sequenceParameterSetBytes=0;

boolean endFlag;

FileOutputStream leftFos;
BufferedOutputStream leftBos;
FileOutputStream rightFos;
BufferedOutputStream rightBos;
FileOutputStream nallUBytesFos;

BufferedOutputStream nalUBytesBos;

BufferedWriter printStats;

QuoteClientThread baszeView;

27
28 protected
29 protected
30 protected
31 protected
32 protected
33 protected
34
35 protected
36
a7
38

COuoteClientThread non baseView;

B48
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public EstablishConnection (String host,
int packetSize,int avcMvcCholce
f3tring path)

this.host=host;
this,.packetSize=packetSize;
this.endFlag=false;
this.avcMvcCholice=avcMvcChoice;

try
{
leftFos=new FileOutputStream{path+"LeftView.264") ;
leftBos=new BufferedOutputStream(laeftFoz);
nalllBytesFos = new FileOutputStream{path+
"HalUBytes.txt");
nalUBytesBos =
new BufferedOutputStream{nallUBytesFos);

printStats=new BufferedWriter (new FileWriter
(path+"StreamerInfo.txt™) ) ;
1T Rightkile already exi=srts -> era 1
File right=new File(path+"RightView.264");
right.delete():

if (aveMveCholce==0)

{
rightFos=new FileOutputStream{path+

rightBos=new BufferedOutputStream{rightFos) ;

}
}
catch (IOException gx)
{

JoptionPane . showMessageDialeg(null,

"File Mot Found™,"ERROR",0);
System.exic(1l);
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77 ]

78 |

79

80 protected vold setTrasmissionType (Socket =ock)
81| |

82 try

83 {

a4 System.out.println("Sending Transmission "
85 + "Information To Server™):
46 byte [] flag = new byte [1]:

g7 if (avcHMvcCholce==0)

88 flag[0]=0;

g9 elze if(avcMvcChoice==1)

90 flag[0]=1:

a1 OutputStream os = sock.getOutputStream() ;
92 os.Wwrite (flag,0,1);

93 os.flush{);

94

95 } catch (IOException ex)

956 {

a7 JoptionPane . showMessageDialeg(null,

98 "IOException-1","ERROR",0);
99 System.exit(1);

100 )

101

1020}

103

104 protected void receiveParameterSet )

105/ |

106 int filesize=999059050; temporary hardcoded
107 int bytesBRead;

io08 int current = 0;

109 int SpsLength = 0;

110

111 Socket =ock;

112 try

113 {

114 sock = new Socket (hos=t, 2050);
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115
116
117
118
119
120
121
122
123
124
i35
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

setTrasmissionType (sock) ;
sock = new Socket (host, 2050);
System.cut.println{"Connecting through Tcp..."};

byte [] mybytearray = new byte [filesize];
InputStream is = sock.getInputStream();

bytesRead = is.read(mybytearray,0,
mybytearray.length) ;
current = bytesRead;

do
{
bytesRead = is.read(mybytearray,current,
(mybytearray.length-current));
if (bytesRead >= 0)
current += bytesRead;

)
while (bytesRead > -1});

for(int i=0;i<current;i++)
{
if (mybytearray[i]==22 && mybytearray[i+l]==22)
{
Spelength=1i;

sequenceParameterSetBytes=current;
leftBos.write (mybytearray, 0 , SpsLength);
leftBos.flushi();
System,out.println{"Parameter S5et Received"):
nalUBytesBos.write (mybytearray,

(Spalength+2) ,current) ;
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i s )

154 nalUBytesBos.flushi();

155 System.cut.println{"HalUBytes Received"):

156 sock.close () ;

157 iz.close|();

158 nalUBytesFos.close();

159 nalUBytesBos.close();

160

161 } catch (UnknownHostException ex)

i62 {

163 JoptionPane.showMessageDialog(null,

164 "Unknown Host"™,"ERROR"™,0):

i&5 System.exit(l):

166 } catch (IOException ex)

167 {

168 JoptionPane.showMessageDialeog(null,

169 "IC0Exception-2","ERROR",0) ;

170 System.exit(1l);

171 )

172|)

173

174 protected void enstablishUDPConnaction()

175|{

176 if (aveMvcChoice==0])

177 {//5tart 2 Threads for MVC transmi ion

178 baseView=new QuoteClientThread(host,packetiize,
179 leftFos,leftBos, 4445, "Base View Y
180 non_baseView=new QuoteClientThread(host,packet5izg
181 s rightFos, rightBos, 4446, "Non-Base View") j
i82

183 ExecutorService threadExecutor=

184 Executors.newFixedThreadPool (2) ;
185 Start Thread

186 threadExecutor.execute (baseView) ;

187 threadExecutor.execute (non baseView) ;

188

189 threadExecutor.zhutdown () ;

190

A4
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152
153
194
1585
158
157
198
159
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221|)
222

223 protected wvoid printStatistics ()

224\

225| try

226
227
228

290

while(!'threadExecutor.isTerminated() )

el=se
{ start 1 Thread for AVC transami ion
baseView=new QuoteClientThread(host, packet3ize,
leftFos,leftBos, 4445, "Base View "1

ExecutorService threadExecutocr=
Executors.newFixedThreadPool (1) ;
threadExecutor.execute (baseView) ;

threadExecutor.shutdown () ;

while(!'threadExecutor.isTerminated() )

printStatistics();

endFlag=true;

{
String tempStats="";

B53



230 temps5tats="--------------- ------\\- =\ .o+ . i . "
231 + - "
232 System.out.println(tempStats) ;

233 *Write Statistics to file

234 printStats.write (tempStats);

235 printStats.newLine();

236

237 tempStats=" 5F5 Bytes="+sequenceParameterSetBytes;
238 System.out.println(tempStats);

239 printStats.write (tempStats);

240 printStats.newLine () ;

241

242 tempStats=" Left View Lost Bytes="+

243 baszeView.getBytesLost();
244 System.ocut.println(tempStats);

245 printStats.write (tempStats);

246 printStats.newLine();

247

248 tempStats=" Left View Writen Bytes="+

249 baseView.getBytesWriten () ;
250 System.out.println(tempStats) ;

251 printStats.write (tempStats);

252 printStats.newLine();

253

254 tempStats=" Packet Loss Rate For Left View="+

255 { (baseView.getBytesLost () /

256 baseView.getBytesWriten() ) *100)+"%";
237

258 System.out.println(tempStats);

259 printStats.write (tempStats);

260 printStats.newLine () ;

261

262 if {aveMveChoice==0)

263 {

264 temps5tsatg="---»—»———1-1-------»-------..". - -...-- "
265 + T—————— "
266 System.cut.println(tempStats);

267
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268 printStats.write (tempStats) ;

269 printStats.newline () ;

270

271 tempStats=" Right View Lost Bytes="+

272 non_baseView.getBytesLost () j
273 System.out.println(tempStats) ;

274 printStats.write (tempStats) ;

275 printStats.newLine();

276

277 tempStats=" Right View Writen Bytes="+

278 non baseView.getBytesWriten () j
279 System.out.println(tempStats);

280 printStats.write (tempStats) ;

281 printStats.newLine () ;

282

283 tempStats=" Packet Loss Rate For Left View="+
284 [[nun_base?iew.getEytesLost[]I

285 non baseView.getBytesWriten() )*100)+"%";
286 System.ocut.println(tempStats);

287 printStats.write (tempStats) ;

288 printStats.newline () ;

289 }

290 temps5tats="----------------------\\-\ - ---———-—- "
291 + -—_— "
292 System.out.println(tempStats) ;

293 printStats.write (tempStats) ;

294 printStats.newLine () ;

295

296

297 tempStats=" Base View Transmission Time="

298 +((baseView.getEndTime () -
299 baseView.getStartTime () ) /60000)+" minutes";
300 System.out.println(tempStats) ;

301 printStats.write (tempStats) ;

302 printStats.newLine () ;

303

304 if {aveMveChoice==0)

305 {

B55



306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
3271
328
329
330
33
332
333|)
334
335
336
337
338
339|)

n

tempStats=" MNon Base Vi

—

w Transmission Time="

|1]

+({(non_baseView.getEndTime () -
non baseView.getStartTime())/60000)

+" minutes";
System.out.println(tempStats) ;
printStats.write (tempStats) ;
printStats.newLine () ;
}
tempstsats=-"----»—»—»-------»---+--------.-.... . "
T L™

System.out.println(tempStats) ;
printStats.write (tempStats);
printStats.newLine () ;

printStats.close();
} catch (IOException gx)
{
JoptionPane.showMessageDialog(null,
"IOException-4 in "+
Thread. currentThread() .getName (),
"ERROR",0) ;
System.exit(l);

public boolean getEndFlag()

return endFlag;
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1|/import
2 import
3

4 import
5 import
6 |import
7

8 |import
g|import
10 import
11 impeort
12

13 import
14
15public
16|{

java

java.

java.
java.
java.

java.
java.
java.

java

do.BufferedOutputStream;

net

net.
net.
net.

net.

io.FileOutputStream;

DatagramPacket;
DatagramSocket;
InetAddress;

.SocketException;
net.

SocketTimeoutException;
UnknownHostException;

.1o.I0Exception;

javax.swing.JOptionPane;

claszs QuoteClientThread implements

17 private
18 private
19 private
20 private

21

22 private
23 private

boolean morefuoctes;

int
int
int

packetSize;
connectionCheck=0;
endFlag=0;

double bytesLost=0;
double bytesWriten=0;

24 private double start;
25 private double end;

26

27 private String threadMName;
28 byte [] clientBuf;

29 byte [] buf;

30

31 InetAddress address;

3z DatagramPacket packetl;
33 DatagramPacket packetZ;
34

35 protected FileOutputStream fos = null;
36 protected BufferedOutputStream bos =null;
37 protected DatagramSocket socket =null;

38

Runnable
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39

40 QuoteClientThread (String host,int packetSize,
41 FileOutputStream fos ,

42 BufferedOutputStream bos,
43 int port,S5tring threadName)
44 |

45 this.fos=fos;

46 this.bos=bos;

47 this.packetSize=packetSize;

48 morefuotes=true;

49 this.start = System.currentTimeMillis():;
50

51 this,threadilame=threadName;

52

53 clientBuf=new byte[l6];

54 buf = new byte[packetSize];

39 Lry

56 {

57 try

58 {

59 address = InetAddress.getByName (host);
&0 socket = new DatagramSocket();

61

62 packetl = new DatagramPacket (clientBuf,
63 clientBuf.length, address,port);
64 packetZ = new DatagramPacket (buf,

65 buf.length, address, port) ;
66 }

67 catch (UnknownHostException gx)

68 {

69 JoptionPane . showMessageDialog(null,

70 "UnknownHostException™+
71 Thread.currentThread|() .getMame () , "EEROE", 0) 3
72 System.exit(1l):

73 ]

74 }

75 catch (SocketException egx)

16 {

B58



77 JUptionPane.showMessagelialog(null,

78 "SocketException"+
79 Thread.currentThread() .getMame () , "EREROE", Q)
80 System.exit (1) ;

81 )

82

83| }

84

85

86 public void run()

87|{

g8 Thread.currentThread() .setlame (threadilame) ;

89

a0 i I fil ran

91 while (moreQuotes)

92 {

93 SocketConnection () :
04 }

95

96 end=System.currentTimeMillis();

a7 |

98

99

100 protected vold SocketConnection()

101|{

102 morafQuotes=truea;

103 try

104 {

105 nd regq

1086 socket.send (packetl);

107

i08

109 try

110 {//Wait 70O to receice packet else-»packet lost
111

112 socket.setSoTimeout (70)

113 socket.receive (packet);

114
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115
116
117
118
119
120
121
122
123
124
i35
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

CoNMMecCionCneck=0y 7 7 Connected
System,out.println("A Packet Of "+

Thread.currentThread() .getName ()

+" received through Udp.™) ;

catch (SocketTimeoutException g)

lost through Udp. Bytes Lost: "+buf.length)]) ;

System.err.println("A Packet Of "+
Thread.currentThread() .getName () 4

bytesLost+=buf.length;
for({int i=0;i<packetSize;i++)

{/*5ince the packet

—->» replace the lost bytes -
buf[i]=(byte)0x02;
]

connectionCheck++;

->» channel proble

if (connectionCheck>9)
{
System.err.println("Connection Lost in "+
Thread. currentThread() .getName () ),

bytesLost-=(buf.length*10) ;
for(int i=0;i<clientBuf.length;i++)
{
clientBuf[i]=1;
}

packetl,setData (clientBuf) ;

et = astAp et 1 o

Ly JUESL . = L0OE = NE L LI

socket.send(packetl);
for(int i=0;i<packetSize;i++)
{

buf[i]=0;

B60



L
154
i55
156
157
158
159
160
161
162
163
164
i85
166
167
168
169
170
171
172
173
174
175
1786
177
178
179
180
181
182
183
184
185
186
187
188
189
190

A4

endFlag=0;
for(int i=0;i<packetSize;it++)
{

if(buf[i]==0)

endFlag++;

if {endFlag==packetSize)
{
System.out.println("End of Transmission in "+
Thread. currentThread() .getName () ),
socket.close();
socket.disconnect () ;
moreQuotes=fal=a;
foz.close();

boz.close () :
else

bos.write (packetZ.getData(),0,
packetZ.getLength());

boz.flush();

bytesWritent+=packetS5ize;

catch (IOException gx]

JoptionPane . showMessageDialeg(null,
"IOException-3"+
Thread.currentThread() .getName () ,
"ERROR", D) ;
System.exic(1);
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1592
153
194
155
1956
197
1948
159
200
201
202
203
204
205
206
207
208
209
210
211
212
213|)

public double gatBytasLost()
{

return bytesLost;

public double getBytesWriteni)
{

return bytesWriten;

public double getStartTime ()
{

return start;

public double getEndTime ()
{

return end;
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1|/import

2

3 import

4 import

5 import

&

7 |import

8 |import
g|import

10

11jpublic
121

13| private
14 private
15 private
16 private
17

18 private
19 private
20

21 private
22

23 private
24

25 private
26 private
27 private
28

29 private
30

31

32

33 {

34 stopFl
35

36

37 this.
38 }

java.io.File;

java.io.BufferedReader;
java.io.InputStreamBeader;
java.io.IOException;

java.io.InputStream;
java.io.OutputStream;

javax.swing.JOptionPane;

claz= ProcessFiles

String path;

String payloadType;
int nalUs;

boolean stopFlag;

Process process;
ProcessBuilder pb;

File file;

BufferedReader britdInput;
OutputStream stding;
InputStream stderr;

InputStream stdout;

String line;

public ProcessFilas (String path,String

ag=false;

this.path=path;
this.payloadType=payloadType;

nalls=nalls;

payloadType
rint nalls)
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
33
=13
57
58
59
&0
61
62
63
64
&3
66
&7
68
&9
70
71
72
73
74
15
16

public void depacketize|)
{

System.out.println("Starting Depar

=1 (== Drey wl VE depacKet 7 e

file=new File ("Depacketizer/my.264

if(file.exists ()]

{
file.deleta():
System.err.printin("my.264 del

]1]

ted™):

try

{

pb = new ProcessBuilder ("Depacketlizer/"
+ "Depacketizer.exe",path+"LeftView.264",
path+"RightView. 264", path+"NallUBytes.txt",

path+"\\decodedVideos\\my.264") J

process = pb.start();

stdin = process.getOutputStream();

stderr = process.getErrorStream() ;

stdout = process.getInputStream() ;

line = "1"+"\n";
if (payloadType.equals ("2"))

{
stdin.write({line.getBytes()):
stdin.flush();

}

stdin.close();
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77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
83
94
95
96
97
98
99
100
101
102
io03
104
105
106
107
108
109
110
111
112
ii3
114

britdInput =new BufferedReader

(new InputStreamBeader (stdout));:

while ((line = britdInput.readLine ())

{

System.cut.println (line);
}
brstdInput.close();

britdInput =new BufferedBeader

(new InputStreamBeader
while ((line = britdInput.readLine ())

{
System.out.println (line);
}

br5tdInput.closel();
process.destroy () ;

catch (IOException gx)

JoptionPane . showMessageDialeg (null,
Thread.currentThread() .getName () , "ERROE

System.exit(1):

public vold decode()

System.out.println("Starting Dec

if (stopFlag==false)
{

"I0Excepti

NGO

'= null)

(stderr));
'= null)
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115
116
117
118
119
120
121
122
123
124
i35
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

TFY

"WZ\decodedVideos\\my.264") ;
pb = new ProcessBuilder
{"Decoder/MVCDecoder.exe ™
f"-1",path+
"/decodedVideos/my.264","-recoyuv™) 3
process = pb.start();

BufferedReader stdInput =
new BufferedReader (new InputStreamBeader
(process.getInputStream()) ) ;

BufferedReader stdError = new BufferedReader
(new InputStreamBeader
(process.getErrorStream()) ) ;

dard oucpurt a1 I1E OIMMa Nd g
line = null;
while ((line = stdInput.readlLine()} != null)
{

System.ocut.println({line);

while ((line = stdError.readline()) != null)
{

System.err.printin(line);

stopFlag=true;

stdInput.close();
stdError.close ()
process.destroy();

moveFiles ()
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i s )

154 } catch (IOException gx)

155 {

156 System.err.printiln("I0OExeption™);

157 }

158

159

160

161

162 public void mevaFiles ()

163 {

164 try

165 {

166 try

167 {

168 if (payloadType.equals ("0") && nalls==1)

169 {

170 System.out.println("Moving Files...");
171

172 processz = Huntime.getRuntime() .exec

173 {("cmd /C MOVE "
174 + "Baze View Frame Information.txt "
175 +path+"\\decodedVideos") ;
176 process = Runtime.getRuntime() .exec

177 ("cmd fC MOVE"™
178 + " Non Base View Frame Information.txt °
179 +path+"\\decodedVideos") j
180 }

181 else

182 {

183 System.out.println("Deleting Files..."):
184

185 process = Runtime.getRuntime() .exec

186 {("cmd /C DEL "
187 + "Base View Frame Information.txt ") 3
148 process = Huntime.getRuntime() .exec

189 {("cmd /C DEL "
190 + "Hon_Base View Frame Information.txt") 3
Earor L
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152
153
194
1585
158
157
158
159
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

System,out.println("Moving Videos");

process = Runtime.getRuntime() .exec
{("cmd /C MOVE OutLeft.yuv
+path+"\\decodedVideos") ;

process = Runtime.getRuntime() .exec
{("emd /C MOVE OutRight.yuv '
+path+"\\decodedVideos") j

process.waitFor () ;
process.destroy () ;
}
catch (InterruptedException ex)
{
JoptionPane.showMessageDialeg(null,
"InterruptedException”+
Thread.currentThread() .getName () |
"ERROR", 0] ;
System.exit(l);
}
}
catch (IOException gx)
{
JoptionPane . showMessageDialog(null,
"IOException™+
Thread.currentThread() .getName () ,
"ERROR"™,0) ;
System.exit(l);
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> E. Nokia Encoder Parameters

1 NALU ava nAaioto

MVCEncoder.exe -inyuv leftview.yuv -in2 rightview.yuv -out out3d.264 -rframes 2 -frames 1000 -
g 24 -qgintra 24 -idrFreq 15 -intraFreq 5 -skip 0 -width 1280 -height 1024

512 bytes ava NALU

MVCEncoder.exe -inyuv leftview.yuv -in2 rightview.yuv -out out3d.264 -rframes 2 -frames 1000 -
g 24 -gintra 24 -idrFreq 15 -intraFreq 5 -skip 0 -width 1280 -height 1024 -targetbytesperslice 512
-maxbytesperslice 512

1024 bytes ava NALU

MVCEncoder.exe -inyuv leftview.yuv -in2 rightview.yuv -out out3d.264 -rframes 2 -frames 1000 -
g 24 -qgintra 24 -idrFreq 15 -intraFreq 5 -skip 0 -width 1280 -height 1024 -targetbytesperslice
1024 -maxbytesperslice 1024

> Z.Dummynet Configuration

1% packet loss rate
ipfw —q —flush
ipfw —q pipe -flush

ipfw add pipe 1 ip from "Server Ip" to any out

ipfw add pipe 2 ip from any to "Server Ip"

ipfw pipe 1 config bw 100Mbit/s queue 100 plr 0.01 mask dst-ip 0x000000ff
ipfw pipe 2 config bw 100Mbit/s queue 100 mask dst-ip 0x000000ff

2% packet loss rate
ipfw —q —flush
ipfw —q pipe -flush

ipfw add pipe 1 ip from "Server Ip" to any out

ipfw add pipe 2 ip from any to "Server Ip"

ipfw pipe 1 config bw 100Mbit/s queue 100 plr 0.02 mask dst-ip 0x000000ff
ipfw pipe 2 config bw 100Mbit/s queue 100 mask dst-ip 0x000000ff

5% packet loss rate
ipfw —q —flush
ipfw —q pipe -flush

ipfw add pipe 1 ip from "Server Ip" to any out

ipfw add pipe 2 ip from any to "Server Ip"

ipfw pipe 1 config bw 100Mbit/s queue 100 plr 0.05 mask dst-ip 0x000000ff
ipfw pipe 2 config bw 100Mbit/s queue 100 mask dst-ip 0x000000ff
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On the performance of H.264/MVC over lossy IP-
based networks

Athanasios Kordelas

Dept. of Telecommunication System
and Networks
Cones Research Group
Nafpaktos 30300, Greece
athankord@tesyd.teimes.gr

Abstract— this paper studies the performance of different
packetization schemes for the emerging H.264/Multi-view Video
Coding standard, in terms of overhead, number of decoded
frames, and perceived PSNR under different network conditions
(MTU size, packet loss). The experimentation test-bed platform
designed for the purposes of this study, utilizes the Multi Session
Transmission approach for different payload structures (single
NAL Unit, aggregation packet and Fragmentation Unit) and a
number of video packetization options, including one NAL Unit
or several NAL Units per frame. Extensive test-bed experiments
indicate that the fragmentation of frames in more than one NAL
Units results in significantly higher perceived video quality in
terms of PSNR, than the fragmentation of the NAL Unit in the
RTP layer.

Keywords- H.264/MVC, RTP, video quality evaluation

L. INTRODUCTION

The delivery of 3D media to individual users remains a
highly challenging problem due to the large amount of data
involved, diverse network characteristics, user terminal
requirements, as well as, user’s context such as their
preferences and location . As the number of visual views
increases, current systems will struggle to meet the demanding
requirements in terms of delivery of consistent video quality to
fixed and mobile users.

Several problems occur during the transmission of H.264
3D video sequences. The most important one is that the non —
base view video quality after the transmission in an IP-based
network may lead to reduced perceived video quality compared
to base view due to inter-view prediction [1]. Recently, 3D
video transmission over IP networks has received particular
attention. In particular, [2] studies the quality reduction of
multi-view coded (MVC) [3] video due to wireless losses,
however the impact of these loses on the base and non-base
views is not considered. Moreover, in [5] the performance of
different packetization modes of the H.264/MVC standard
under different network conditions is presented.

The aim of this paper is to assess the performance of 3D
video streaming over IP based networks using various video
packetization modes according to the H.264/MVC standard.

Tasos Dagiuklas
Dept. of Telecommunication System
and Networks
Cones Research Group
Nafpaktos 30300, Greece
ntan@tesyd.teimes.gr

[lias Politis

Dept. of Telecommunication System
and Networks
Cones Research Group
Nafpaktos 30300, Greece
ilpolitis@gmail.com

As opposed to previous works, an error concealment scheme
for recovering lost Network Abstraction Layer unit headers is
implemented. The performance evaluation considers various
parameters including the overhead caused by different
packetization schemes, the maximum transmission unit size,
the number of decoded frames and the resulted video quality in
terms of Peak Signal to Noise Ratio (PSNR) for both base and
non-base views, under varying network conditions and
packetization modes. The MVC video transmission
performance analysis is based on experiments conducted on a
test-bed platform that comprises of an RTP packetizer and de-
packetizer, a UDP/IP streamer and client, implemented
specifically for this study.

The rest of the paper is organized as follows. Section II
includes an overview of the H.264/MVC standard, while in
Section III the proposed error resiliency scheme is described.
The experimentation setup is presented in Section IV and
Section V includes a discussion on the produced results.
Finally, Section VI concludes the paper.

1.  H.264/MVC OVERVIEW

H.264/MVC standard is an extension of the H.264/Advance
Video Coding (AVC) and Scalable Video Coding standards
[3], [4]. According to these standards the Video Coding Layer
(VLC) produces a coded representation of the video, while the
Network Abstraction Layer Unit (NALU) encodes the video
data in a prepared way for transmission. Inter-view prediction
introduced by MVC for higher compression efficiency causes
dependency between the non-base views and the base view.
For the encapsulation of the MVC video data in NALUs, new
header extensions are introduced by H.264/MVC standard. In
both views an additional header named Prefix NAL Unit (type
14) must exist while in the non-base view the H.264/AVC
header is extended by three additional bytes and is named
coded slice of MVC extension (type 20). The existence of the
original H.264/AVC NALU header (1 octet) at the base view,
allows the H.264/AVC decoder to decode a 2D representation
from the H.264/MVC sequence.

There are three transmission modes for a H.264/MVC
encoded video, namely, Single-Session Transmission (SST),
Multi-Session Transmission (MST) and Media-Aware Network
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Element (MANE) based transmission [9]. In the case of SST
mode, all the MVC information is transmitted over a single
RTP session, utilizing one transport address (unicast) and
transmitting the base view with a number of different non-base
views. Moreover, MST mode establishes more than one RTP
sessions. In this case the number of the used transport
addresses is equal to the number of RTP sessions (multicast).
In addition, each RTP session in MST may carry only the base
view, or a combination of the base view with a number of non-
base views, or only non-base views. Figure 1 illustrates the
MST mode, implemented within the context of this study.
Furthermore, in MANE mode, although the server utilizes
MST transmission, the RTP sessions are collected from an
intermediate entity (MANE). According to MANE, RTP
packets are de-packetized and an Adaptation Decision Taking
Engine (ADTE) is utilized in order to matched client’s
preferences and needs and the transmission parameters.
Additionally, the packets are further aggregated for SST
transmission to the client through a single transport address
using a single RTP session.

MVC MST Stereoscopic
Streamer +
RTP Generator R

(Multi Session
Transmission)

UDP/IP Port

UDP/IF Port | ” y '

—> BaseView 2

=eeeePp Non-Base View
=y

v
1 | MultiRTP Session

Figure 1. MVC MST Transmission Mode

For the encapsulation of NALUs in RTP packets three
NALU payload structures are specified in the RTP
specification of MVC [6]. The first one is the “Single NAL
unit” (SNU) according to which each RTP packet encapsulates
a whole NALU. The second one is the “Aggregation Packets”,
which specifies that multiple NALUs are encapsulated in one
RTP packet. This payload structure includes five versions,
STAP-A, STAP-B, MTAP-16, MTAP-24 and NI-MTAP. The
latter is known as “Fragmentation Unit (FU)” and allows the
fragmentation of one NALU into smaller RTP packets. In turn,
FU includes two versions, FU-A and FU-B.

III.  ERROR RESILIENCE IN RTP LAYER

In order to deal with the loss of important headers, a RTP -
aware error recovery algorithm based on FU payload structure
is implemented at the RTP de-packetizer. This scheme is able
to reconstruct in the application layer all the lost H.264/AVC
NALU headers and allows the decoder to recognize and decode
all the video frames (NALUs) of both views. Therefore, the
proposed scheme significantly improves the perceived video
quality of the decoded video.

In particular, frame losses occur more frequently when an
entire encoded video frame is encapsulated in a single NALU.
In this case, the H.264/AVC NALU header is encapsulated into

a single 1P datagram. Whenever such an IP datagram is lost,
causes the decoder to discard the entire NALU (frame) as it is
unable to recognize the NALU type.

Bytes 0 1 | 23] 4 |5 6 | 7
H.264 AVC
NALU Header | © NRI Type

Bytes 0 | 1 \ 234 15 & l 7
FU indicator F NRI Type

| Bytes | a ‘

12 (3]4]s]6]7]
IFUHeader I s ‘ E

e

Figure 2. Headers of “Fragmentation Unit” payload structure

According to the RTP standard a FU always encapsulates
part of a NALU using apart from the RTP header two
additional headers, the “FU Indicator” and the “FU Header”
(each one octet long), as shown in Figure 2. The first two fields
(3 bits) of the “FU Indicator” denoted by F and NRI obtain
their values from the corresponding fields of the H.264/AVC
NALU header, while the last field, denoted by Type (5 bits)
always has as value the type of the packet, which in the context
of this study is set to 28 (FU-A). Moreover, the field Type of
the “FU Header” obtains its value from the corresponding field
of the H.264/AVC NALU header. The fields S and E indicate
the first and the last fragment of a NALU, respectively. Lastly,
R is a reserved field intended for future extensions and its
values is always set to zero. Following the fragmentation of a
NAL unit, the H264/AVC NALU header is erased during
packetization and re-constructed by the two FU headers during
de-packetization,

Several approaches for concealing errors due to lost frames
have been proposed [12]. It is possible to recover lost headers
and estimate the expected NALU type based on information
already known to the decoder, such as the GOP size. In
particular, as long as, the frames of the same type are
encapsulated with the same NALU headers, the de-packetizer
is able to partially re-construct missing NALU headers based
on default headers for each frame type.

A.  Proposed error resilience scheme

The proposed error resilience scheme is based on the fact
that the necessary fields of the H.264/AVC header are present
in all FUs of a NALU. The proposed algorithm is illustrated in
Figure 3 and comprises the following steps:

1. The de-packetizer discovers that the first fragment of the
NALU is missing.

2. Searches in the following fragments of the same NALU to
discover one received with no errors.

3. Upon discovering such a fragment, copies the needed
values of the bit-fields in the “FU Indicator” and the “Fu
Header” and reconstructs the necessary for the decoding
H.264/AVC NALU header.

4. The de-packetizer rejects the other RTP headers and stores
the NALU payload.
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Figure 3. Proposed error-resilience algorithm

Since vital information for the decoding process, including
the Sequence Parameter Set [13], is contained in the first [P
datagram, it is important to ensure the reliable transmission of
this information by utilizing TCP/IP transmission.

It is important to be mentioned that the RTP standard [8]
specifies that: “If a fragmentation unit is lost, the receiver
SHOULD discard all following fragmentation units in
transnission order corresponding to the same fragmented NAL
unit”. Since the specific proposition is not mandatory, the
proposed error resilient scheme does not consider as lost all the
fragmented units that follow a lost one. Thus, missing header
information of the lost FUs can be recovered and the frame that
contains the lost fragmented units can be successfully decoded.
The missing pixel values included in lost fragmentation units
are replaced by default values that the decoder interprets as
distortion of the original frame and conceals the errors.

IV. EXPERIMENTATION SETUP

A.  Test-bed platform

MVC video transmission over [P is achieved by using
several tools. Nokia’s MVC Encoder/Decoder for the encoding
and decoding of different view video sequences [17], while
Dummynet is utilized to emulated packet losses [15].
Furthermore, a number of tools have been implemented based
on the MVC, RTP and UDP standards:

i.  RTP packetizer — able to create RTP packets from a
coded MVC sequence regardless of the fact that NALUs
may contain an entire frame or a part of it. It is also able
to create RTP packets using all the payload structures as
defined by the standard (SNU, STAP-A, FU). In the
STAP-A mode, the number of the aggregated NALUs per
RTP packet can be defined for both video packetization
options. In the case of multiple NALUs per frame, RTP
packets can also be created automatically according to the
number of the fragments per frame. Concerning the FU
mode, the number of fragments per frame can be set to a
specified value, or each FU’s length (in bytes) is set in
order to create packets equal to the length of the desirable
MTU size. For both aggregation packets and FUs, the
latter more intelligent choice is adopted in the rest of the

paper.

ii. RTP de-packetizer — able to de-packetize RTP packets
and reconstruct a MVC sequence. It is tolerant to bit
errors and it is able to recognize the payload type used
during the packetization process, as well as, the coding
parameters used (one or multiple NALUSs per frame). The
de-packetizer incorporates the proposed error resilience
scheme.

ili. MVC streamer — that encapsulates RTP packets into IP
datagrams and creates concurrent UDP/IP connections to
the client for multicast transmission of both views.

iv.  MVC client — through a Graphical User Interface (GUI)
transmits a request (based on transmission information
including the number of views, the payload type and the
MTU size) to the video streamer over TCP/IP connection.
The client establishes UDP/IP connections (one
connection in the case of AVC) with the streamer in order
to receive IP datagrams of both views.

The test-bed platform including all the tools and
functionalities designed for the purposes of this study is shown
in Figure 4.

Figure 4. Experimental test-bed platform
B.  Experimentation Parameters

Table 1 Coding parameters

Video Sequence Flamenco Objects

No of Frames 1000 624

Intra period 5 frames 5 frame
Frame rate 25 fps 25 fps
Resolution 640x480 pixels 640x480 pixels
Quantization parameter 24 24

No of Views 2 2

Table 2 Packetization parameters

Video packetization options 1 NALU / Frame :Iilllﬁlsjﬁame

RTP packetization options | SNU | FU-A | SNU STAP-A
Table 3 Networking parameters

MTU Size (Bytes) 1024 | 512

Packet loss rate 0% , 1% ,2% ,5%

Error Model Both Views | Base View
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frame encapsulation into multiple respect to SNU between STAP-A to FU-A payload structure for base and non-
NALUs payload structure for base and non-base base views
views

The characteristics of the video sequences [18] and the
MVC parameters used during the experiments are
summarized in Table I, RTP packetization parameters are ot
included in Table 2 and Table 3 illustrates networking o
parameters studied during experiments. Each video

transmission is repeated for 15 times to obtain the average £ ‘
PSNR values. STAP-A payload structure is not used in 30
conjunction with 1 NALU per frame, since this would cause * o

multiple frames to be encapsulated into a single RTP packet. o0
Additionally, FU-A structure is not applied in the case of
multiple NALUs per frame, since further fragmentation of

NALUSs into RTP packets is redundant. " 5w s @ ok
MALUs per Frame
V. EXPERIMENTAL RESULTS Figure 9. PMF of NALUs per frame in the non-base view
A.  Overhead
When each frame is encapsulated in more than one s

NALU, an additional overhead is added in the coded bit
stream. Figure 5 illustrates the additional overhead of a
coded frame as the number of NALUSs increases. The
aggregation of more than one NALU into one RTP packet
results into less overhead.

Paket Loss Rate

Figure 6 illustrates the reduction of the overhead
compared to the SNU mode as the number of the aggregated ) —— )
NALU’s increases. The fragmentation of a NALU has the e LS .m'i".,,..,:,,..:“ W wos
disadvantage of increasing overhead. ~

Wlumenco-bueView WOt Bise Vi Flamenco o B Vew 8 Oects o s View
Figure 7 shows that as the number of the fragments of a

NALU increases as the total overhead increases, as well. Figure 10. Percentage of decoded frames of base and non-base views in

Studying all three figures, it can be provcd that the frame SNU mode under different packet loss rates (“flamenco” and “objects™)

fragmentation into multiple NALUs (either in SNU or

STAP-A modes) results into much lower overhead,

compaired to fragmantation at RTP layer.

In addition, Figure 8 and Figure 9 show the probability
mass function (pmf) of the NALUSs per frame for the base
and non-base views respectively. Evidently, the probability
oe of having many NAL units per frame is significantly larger
: and this is due to the video content and the coding
characteristics, as well as the size of the NALUs that is set
to 1024 bytes.

014

0

=

B. Lost Frames

Prabahility
8

During video transmission over lossy networks a frame
loss occurs when each RTP packet contains one NALU per
frame and the de-packetization does not support error
resilience. In the context of this study, this can only take

g

E 0 e m place in SNU mode (with one NAL unit per frame). Figure
perme 10 shows the number of frames that were decoded
Figure 8. PMF of NALUs per frame in the base view successfully after the transmission of two video sequences,
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each one with two views, under different network
conditions.

C. Lost Packets in both views

Figure 11 (a, b, ¢, d) and Figure 12 (a, b, c, d) illustrate
PSNR of two multiview video sequences under different
video and network conditions. During video transmission
when packet loss occurs in both views, additional error
propagation to the non- base view exists due to its
dependency with the base view. It can be seen that for both
video sequences, the perceived quality in terms of PSNR of
the base view is significantly better than the quality
achieved in the non-base view. This difference in the PSNR
could only be eliminated if the non-base view was encoded
independently, but with the cost of coding efficiency.
Moreover, PSNR increases as MTU size increases, since
larger MTUs eliminatre the effect of error bursts.

In particular, Figures 1la illustrates PSNR resulted by
SNU mode and one NALU per frame paketization. It can be
seen that one frame per RTP encapsulation produces the
lowest video QoS, among all packetization schemes. In this
case a lost packet causes an entire frame to be lost,
increasing the received video distortion. The decoder
implements frame copy concealment technique in the case
of lost frames. Figure 11b shows PSNR in FU-A mode. In
details, the fragmentation of a NALU in parallel with the
proposed error-resiliency scheme results in increased PSNR,
especially in the cases of /% and 2% packet loss. In this
case, all frames are succesfully decoded, thus the perceived
video quality is significantly increased.

However, the experiments proved that the encapsulation
of each frame into multiple NALUs resulted in higher video
QoS than the previous two cases. The PSNR measured when
SNU mode (1 NALU per RTP packet) and STAP-A mode
(all NALUs per RTP packet) are applied, is illustrated in
Figure 11c and 11d respectively. The fragmentation of a
frame into multiple NALUSs reduces the distortion effect due
to packet loss in the received video. When frame
fragmentation into multiple NALUs is applied then the
MTU size has only a limited impact on the measured PSNR.

Finally, by comparing the PSNR measurements under all
scenarios for the “flamenco™ and “objects” sequences, it can
be seen that the flamenco sequence achieves better PSNR
due to the video contex.

D.  Lost Packets in base view - Error Propagation

Figures 13 (a, b, ¢, d) and 14 (a, b, ¢, d) illustrate PSNR
when errors occur only in the base view. Similar to previous
experiments, the video QoS increases with MTU size.
Comparing this set of experiments to the previous
experiments it becomes clear the view dependency between
base and non-base view. It is evident that as losses occur
only to base view, the PSNR of the non-base view is less
affected than in the previous cases (Figure 11, Figure 12).

VI. CONCLUSSIONS

This papers aims to assess the performance of 3D video
streaming over lossy IP based networks using various video

packetization modes according to the H.264/MVC standard.
Particular interest was given to frame fragmentation into one
or more NAL units and Fragment Units. In order to recover
missing header information, an error resilient scheme is
proposed that uses the header fields of correctly received
fragment units to reconstruct headers of missing fragments.
The performance evaluation considers parameters like the
overhead caused by different packetization schemes, the
maximum transmission unit size, the number of decoded
frames and the resulted video quality in terms of Peak Signal
to Noise Ratio (PSNR) for both base and non-base views,
under varying network conditions and packetization modes.
A test-bed platform that comprises of an RTP packetizer and
de-packetizer, a UDP/IP streamer and client, implemented
specifically for this study.
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Abstract. This paper presents the performance evaluation results of 3D Video
Streaming using the H.264/MVC standard, through an experimental platform.
Particular attention has been given to the evaluation of different video bit
stream packetization modes, namely Single NAL Unit, Aggregation Packet and
Fragmentation Units, by measuring overhead, number of decoded frames and
perceived PSNR for both base and non-base view under different network
conditions. Extensive test-bed experiments indicate that the non-base view is
more sensitive to packet loss, due to its coding dependency from the base view.

Keywords: H.264/MVC, Performance Evaluation, 3D video streaming

1 Introduction

There are a lot of advances in 3D media technologies in terms of capturing,
representation, coding, delivering, and visualizing to 3D displays. 3D media has been
evolving in various areas, covering various market areas (e.g. scientific, medicine,
education, training etc).

Multi-view Video Coding (MVC) standard, as specified by ISO/IEC 14496-10,
supports the direct coding of multiple views and exploits inter-camera redundancy to
reduce the bit rate [1]. The emerging video coding standard H.264 has been also
extended in order to support MVC [2].

Apart of the coding efficiency, little work has been done regarding the
performance of H.264/MVC video streaming of 3D stereo video sequences, in terms
of view packetization efficiency and perceived video QoS of the different views
across different network conditions. The aim of this paper is to assess the
performance and the efficiency of 3D Stereo video using the H.264/MVC standard
under different network conditions (i.e. packet loss), packet sizes (i.e. Maximum
Transmission Unit (MTU)) and packetization options (i.e. number of Network
Abstraction Layer Units (NALUs), RTP payload structures).

r7



The paper is structured as follows: Section 2 outlines H.264/MVC overview, the
MVC NAL Units Structure along with the different packetization modes, Section 3
presents the implementation of the test-bed, Section 4 analyzes the experimentation
results along with performance measures in terms of transmission overhead and
perceived PSNR for both views (left and right); Section 5 concludes the paper.

2 H.264/MVC Overview

H.264 Multi-View Coding supports the direct coding of multiple views and
exploits inter-camera redundancy to reduce the bit rate. H.264 MVC gives very good
3D rendering capability, but the bit-rate of MVC encoded video is proportional to the
number of views [2]. Furthermore, it incorporates Video Coding Layer (VLC) that
produces the coded representation of the video and NAL where the video data are
encoded in a prepared way for transmission over a broad variety of systems.
According to H.264/MVC, the original AVC NAL header is extended in order to
indicate the existence of a non base view payload used for 3D representation, as
shown in Figure 1. Moreover, base view continuous to utilize the H.264/AVC NALU
header, thus the decoder can still obtain a 2D representation from the MVC bit-
stream.

Base View
4 Bytes Prefix Nal Header PAYLOAD

Non Base View

4 Bytes Prefix Nal Header 4 Bytes Nal Header (coded
slice of MVC extension)

Fig. 1. MVC NALU Headers

In the NAL Unit Header, Nal_Unit_Type(Type) specifies the Type of the NAL
Unit, Priority_id (PRID) specifies the importance of the NAL Unit, Temporal_id
(TID) identifies the temporal layer or frame rate hierarchy and View id (VID)
specifies the view identifier that the NAL unit belong to. A detailed analysis of the bit
fields used in MVC NAL Unit Header can be found in [5].

MVC exhibits packetization similarities with H.264 / Scalable Video Coding
(SVC) standard [9]. There are three transmission modes for multiple-view video, as in
Figure 2:

* Single Session Transmission (SST) — single RTP session,

e Multi-Session Transmission (MST) — multiple RTP sessions,

o Media-Aware Network Element (MANE) based transmission — combination of
the above.
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In the case of SST, each RTP session may either carry the base view bit stream or
the base view with a number of different non-base views using a point-to-point
unicast session. The server creates a sequence of RTP packets depending on each
client’s needs, by aggregating NAL units of the requested views.

Furthermore, in MST, each RTP session may carry the base view bit-stream, or
more than one non-base view bit-streams, or the combination of a base view with a
number of non-base views. MST is frequently applied in a multicast RTP session,
where different clients may request different views of the multiple-view bit-stream.
Moreover, in the case of unicast applications, each MVC video view is transmitted in
different IP addresses, while in multicast applications each MVC video view is
transmitted in its own IP multicast group. In terms of transmission, the number of
RTP sessions may be equal to the number of different views, or less. The latter
indicates encapsulation of multiple views in a single RTP session.

MANE generally resides in the path between the server and the clients. In a
MANE-based system, while the server utilizes MST transmission, MANE collects all
RTP sessions and depacketizes them. It customizes NALUs according to the client’s
needs based on an Adaptation Decision Taking Engine (ADTE) and aggregates
packets for SST transmission to clients through a single transport address using in a
single RTP session [9]. MANE is able to take all important information through RTP
and NALU Headers. The need of such an intermediate system derives from the
existence of limitations (e.g. due to firewalls and NAT protocols) that are present in
real network environments.

MVC SST Sterenscopic
Streamer

RTP Generator
(Single Session

Transmission)

— 3 Both Views

(SST GENERATOR)

RTP MVC MST
Depacketizer

Single RTP Session

MVC MST Stereoscopic
Streamer

RTP Generator
(Multi Session
Transmission)

Base View
Both Views

single RTP Session

UDP Port
— Base View
..... B> Non-Base View

Multi RTP Session

Fig. 2. MVC video Single Session Transmission (SST) & Multi-Session
Transmission (MST) & MANE based Transmission.

RTP packets may use any of the three NALU payload structures as shown in
Figure 3 [6]. When Single NALU mode is used, each RTP packet contains only one
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NALU. Single NALU is allowed to contain NALU types from 1 to 23 and 30, 31.
Aggregation packets may include more than one NALU by merging them. By
aggregating NALUSs the overhead due to RTP headers is reduced. Each NALU carried
in an RTP packet is encapsulated in an aggregation unit first. There are five versions
for aggregation units. The first four Single Time Aggregation Packets (STAPs)
STAP-A, STAP-B and (Multi-TAPs) MTAP-16, and MTAP-24 are used also to
packetize H.264/AVC data, while for H.264/MVC a new type of aggregation unit
named Non-Interleaved MTAP (NI-MTAP) has been introduced in [5]. Every
aggregation unit encapsulated in one aggregation packet contains one additional
aggregation header which consists of 1 octet and has the form of a H.264/AVC
NALU header. Depending on the version of the aggregation unit that has been used,
some additional information is introduced regarding whether the NALs refer either to
base or non-base view. In case of using STAP-A there is only one additional header
(2 octet long), which indicates the size of the NALU [6].

Similarly, Fragmentation Units (FUs) contain part of a NALU. A FU allows
NALU to be fragmented at the application layer, which provides advantages, for
example when bit errors occur during transmission, fragmentation of a NALU allows
the utilization of FEC/retransmission mechanism only at the specific fragment of the
NAL Unit and not in the entire Single NAL Unit [3].

In this experimentation, an algorithm has been designed and developed at the
depacketizer, which is able to reconstruct all the lost NALU Headers, so that the
decoder is able to recognize and decode all Frames (NALU’s). At the implementation
section, there is a more detailed description of the algorithm. Each FU must be
transmitted consecutively with upward sequence numbers. There are two versions of
fragmentation units, namely FU-A and FU-B. The main difference between them is
that the first uses timestamps, as opposed to the second, which uses the Decoding
Order Number (DON) mechanism in order to retrieve the correct decoding order of
the NALUs [7]. Except from the RTP header, both versions employ two additional
headers that consist of one octet, named FU-indicator and FU-header [6].
Additionally, in the case of FU-B, one more additional header named DON must be
used, which consists of 2 octets. It should be noted that the H.264/AVC NAL header
after the fragmentation of the NALU must be deleted, while the information of the
first three bits (2 bit fields) is moved to FU-indicator and the last 5 bits
(Nal_Unit_Type) are moved to the last 5 bits of FU-header. It must be underlined that
the above values are the same for all the fragments of a NALU. During the
Depacketization procedure, the H.264/AVC NALU header is reconstructed using the
FU-headers. The next 3 octets containing the NALU header extension lies at the
payload.
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Fig. 3. RTP packet payload structures for MVC

There are three basic Packetization modes for SST namely Single NAL Unit mode,
non-interleaved mode and interleaved mode. Single NAL Unit mode is being used for
systems defined in accordance with the recommendation of ITU-T for H.241 [8].
Non-interleaved-mode is used for systems that are not compliant with the above
recommendation and finally interleaved mode is suitable for systems that do not have
latency restrictions and do not need decoding order transmission. All NAL units from
type 1 up to type 29 can be used directly as packet payload for all the above modes,
while for the newly introduced types, a PACSI NAL Unit (type 30) can be used
directly as payload only in Single NAL Unit Mode and a NI-MTAP can be used only
in non-interleaved mode.

Four new modes have been introduced for MST [4]:

*  Non-interleaved timestamp based mode (NI-T)

e Non-interleaved cross-session decoding order number (CS-DON) based mode
(NI-C)

¢ Non-interleaved combined timestamp and CS-DON mode (NI-TC)

e Interleaved CS-DON (I-C) mode.

The new modes re-use the three basic modes of SST for each of their individual
RTP sessions. The two main differences of the above modes are whether or not to use
decoding order transmission and what mechanisms they use in order to recover the
correct decoding order through multiple sessions [5], [7]. If a system needs to
transport both base and non-base views at low latency mode then one of the three first
modes must be used, while for higher latency, [-C must be used for transport both
base and non-base views [7].
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3 Packetization Implementation

The end-to-end MVC system architecture for 3D video streaming over IP-based
networks used to carry out experimental results is illustrated in Figure 4. For the
encoding of the different view video sequences, a MVC Encoder / Decoder provided
by Nokia have been used [11]. The network dynamics (packet delay, packet loss)
have been emulated using the Network Emulator Dummynet [13].

w

VIEW 0

Streamer

base view
second view
""" RTP Packets
- Datagram's
==o Lost Datagram

Fig. 4. E2E MVC System Architecture

3.1 RTP-Packetizer

The flow charts of the three main functions regarding MST/RTP packetization,
implemented in this study, are illustrated in Figures 5, 6 and 7. The SNU & STAP-A
functions are able to create one RTP packet at a time, as opposed to FU-A where one
NALU is packetized in more than one RTP packets at a time.

The RTP Packetizer performs the following functions:

Print Packetizer Usage Information

Parse Command Line Arguments

Open MVC Coded Files

Find the length of each NALU for both Views
Packetize Sequence Parameter Set

Choose The Payload Type

Create RTP packets using the afore mentioned functions

Nk R -
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8. Store Packet To Output Files
9. Create And Store Statistics To File
10. Close Files.

Figure 5 shows the function in which RTP packets using SNU payload type are
constructed.

‘.“ Generate & Store
RTP Header

p
‘ Store NALU payload to RTP
Buffer

coded slice of
MVC extension

Fig. 5. Single NAL Units Function

Figure 6 illustrates the function in which RTP packets using STAP-A payload type
are constructed. In order to aggregate NALUs in one RTP packet, a loop is repeated
as many times as the number of the NALU’s that are going to be aggregated. In each
repetition one additional header consisting of 2 bytes is generated indicating the size
of the aggregated NALU. Both RTP and STAP-A headers are generated only for the
first aggregated NALU.

s STAP-A NAL HDR=0x38 ~
E Sk ? Bin: 00111000 B’ STORE

Dec: F=0,NRI=1,Type=24 H.264/AVC
NALU Header

‘ Store NALU payload

| Generate & Store
RTP Header

Store Prefix
NALU Header

1/;{
" End Of No Of
‘ NALU's To Be
Aggregated?

'Gmerate & Store
STAP-A Header

/

[
Create & Store

| NALU Size Header

slice of MVC i
extension ﬂ

Fig. 6. Aggregation Packets Function (STAP-A)

Figure 7 shows the function in which RTP packets using FU-A payload type, are
constructed. In order to create RTP packets, containing one fragment of the NALU, a
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loop is repeated as many times as the number of the fragments of the NALU, resulting
in as many RTP packets as the number of the fragments. Only the first FU contains
the prefix NALU header while the H.264/NALU header is deleted, as described in the
RTP standard [6]. An extra calculation is required at the last FU in order to determine
whether or not some redundant bytes must be inserted at the end of the FU so that the
sizes of all the fragments (RTP packets) are equal. In all FU’s four reserved bytes for
future implementations, are inserted.

The possible values of the FU-header are varying according to the value of the
H.264/AVC NALU header and the fragmentation order of the FU (first, second, third,
etc.) per NALU.

| start )

.
| Generate & Store
| " RTP Header Eod

Store FU-A p===—==cmceea==-
Indicator

last fragment

f G & | Generate & Store Redundant
L bytes If necessary to fulfill the

Generate & Store Hex: Ox3c
A bin: 00111100
Dec:F=0,NRI=1,Type=28

Reserved
Bytes empty

- »
\“ Erase H.264 f

/ AVC NALU Store NALU payload to RTP
Header Buffer

-
[Find & Store Prefix
& NALU Header to

RTP Buffer

Fig. 7. Fragmentation Units Function (FU-A)

3.2 RTP-Depacketizer

The Depacketizer does almost exactly the reverse process and handles error
resiliency. It is able to tolerate bit errors from all the headers. Furthermore, it is able
to recognize the payload type used at the packetization process as well as the coding
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parameters used (1 NALU per Frame, Several NALU’s per Frame). In particular error
resilience at RTP level can be achieved by recovering lost NALU headers in a number
of different ways. Three approaches regarding the recovery of NALU headers include,
firstly the estimation of the expected NALU type at a specific time and the partially
rebuild of the lost NAL header using information such as the GOP size of the coded
sequence. A second scheme is based on ARQ mechanism. According to this scheme
the decoder is able to identify an IP packet containing a NALU header and to request
a retransmission of the particular packet in case of packet loss. In this case the delay
due to retransmission is kept to minimum, since only packets with NALU headers are
retransmitted. In the context of this paper error resilience is achieved through
implementing a third scheme that incorporates an RTP-aware error recovery
mechanism in addition to the FU-A mode.

In details in the FU-A case the depacketizer is able to re-construct the 100% of the
lost NALU Headers for both views. In order for the depacketizer to accomplish this
task, it reconstructs a lost header using all the information from the remaining
fragments of the NALU. All the FUs contain a FU header and a FU indicator. These
headers are the same for all the fragments of a NALU. So when the depacketizer finds
that the first fragment of the NALU has been lost, it then searches for the first next
fragment that has been transmitted without a loss. Finally, it copies all the values
needed of the bit-fields of the headers of the correct fragment and reconstructs the
necessary information for the decoding H.264/AVC NALU header.

3.3 MVC MST UDP/IP Client

Figure 8 illustrates the Class Diagram representation of the MVC client tool. This
tool consists of 4 classes. A GUI class results in a graphic interface used by the user
to specify the transmission parameters (MVC/AVC, Payload Type, Number of
NALUs per Frame, IP packet Size). When the user begins the transmission, the
Establish Connection class is invoked and is establishing a TCP/IP connection in
order to safely transmit all the above values and safely receive the Sequence
Parameter Set. Finally, the QuoteClientThread class is invoked through the
EnstablishConnection class as many times as the number of the views. This results in
different threads of the same class running concurrently, hence creating different
UDP/IP connections in order to receive packets of different views.
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pkg MVC MST UDP/IP Client ]

QuoteClient EnstablishConnection
¢ main(in aros:Strinal*])-void ¢ «constructors EnstablishConnection(in host, in pSize, in MvcChoice, in path)

¢ getEndFlag()-boolean
+ ﬁ) sefTrasmissionType(in sock:Socket)-void
ﬁ) ReceiveSequenceParameterSet():void
¢ «constructors GUI) ﬁ) PrintStatistics()-void

§5 ButtonHandier TCP/IP Connection 1 ~baseViewThread | | ~non_baseViewThread
;mm

I—] 9 «constructors QuoteClientThread(in host, in pSize, in fos, in bos, in port, in threadName)
& run(yvoid
5 ¢} getBytesLost()double
| & getBytesWriten():double
¢ getStariTime():double
¢ getEndTime().double
ﬁ) SocketConnection():boolean

A

Fig. 8. MVC MST UDP/IP Client Class Diagram

4 Experimental Results

Due to the fact that MST offers certain advantages over SST, the aim of the
experimentation work is to evaluate MST performance of H.264/MVC transmission
for different networking conditions. For this purpose, the YUV 4.2.0 test sequence
“flamenco” with 640x480 pixels resolution and 1000 frames at 25fps has been used
[12]. Two different video packetization options have been considered. In the first one,
each NALU contains a whole frame, while in the second one each NALU contains up
to 1024 bytes, hence each frame need to be encapsulated in more than one NALU:s.
Each of the above options defines the type of the RTP payload structure that has to be
applied. For the first option, SNU and FU modes are selected and SNU and STAP
modes are selected for the second option. Although the RTP packetizer is able to use
all the payload structures for both cases, there is no need of aggregating more than
one frame in a RTP packet and also there is no need of fragmenting small NALUs in
even smaller RTP packets. Finally, in both cases, two different MTU sizes (512 &
1024 bytes) have been used and 4 different packet loss rates (0%, 1%, 2%, and 5%).
Each experiment is repeated several times (15 times), and the averaged values are
presented.

Figure 9 illustrates the percentage escalation increase of STAP-A RTP MVC
overhead compared to SNU (Single NAL Unit). Each STAP-A may encapsulate a
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certain number of NALU’s (ranging from 2 NALUs up to 10 NALUs in this
particular experiment). As the number of the NALUs increases the overhead
percentage decreases exponentially.

Percentage Increase Of STAP-A Overhead
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Fig. 9. Overhead comparison with respect to SNU between STAP-A mode base
and non-base view

Figure 10 illustrates the corresponding results for FU-A. Unlike the STAP-A, in
FU-A structure the overhead inserted in the sequence increases as the number of
NALU fragments increases.

Percentage Increase Of FU-A Overhead
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Fig. 10. Overhead comparison with respect to SNU between FU-A mode base and
non-base view

r7



4.1 One NALU per Frame

In the case of one NALU per frame, the loss of an IP packet that contains a NALU
header sets the MVC decoder unable to decode the current NALU, since it cannot
identify the type of data that the particular NALU contains. Therefore, the loss of
such an IP packet results in the loss of a whole frame. Figure 11 illustrates the number
of frames that can be decoded under specific network conditions. As expected, as
packet loss increases, the number of frames from both views that can be decoded
decreases.

Percentage Of Decoding Frames
'/-[ ] ' ® Non Base View
10% = M Base View
i + | [
© P —— e ——
E o | —
wv
g 11 | | 1
s e I et o |
T 2 ﬁ
-
] 1 | | |
= i ESmmt Heuassissen Dsnmmsmal G |
% ﬁ
80% 85% 20% 95% 100%

Fig. 11. Percentage of decoded frames of base and non-base views in SNU mode
for different packet loss rates

Figure 12 illustrates the PSNR (Peak Signal to Noise Ratio) for different packet
loss rates for both base and non-base view and MTU sizes (512 and 1024 bytes
respectively), while the payload structure used is Single NAL Unit (Figure 12a,
Figure 12c¢) and Fragmentation Unit (Figure 12b, Figure 12d). It is evident in all
experiments that as packet loss increases, the perceived PSNR decreases substantially.
When a packet of base view is lost, the resulting error propagates from the base view
to the correlated non-base view. Evidently, a loss of base view packet causes severe
deterioration to the non-base view video quality in terms of PSNR. The only way to
minimize the high sensitivity in non-base view lost packets is to encode the non-base
view independently, which as a result improves the perceived Quality of Service
(QoS) at the cost of coding efficiency. In order to enable error resilience, frame copy
technique has been used in SNU mode, while in FU-A case a proposed light
reconstruction algorithm of lost NALU headers is implemented that allows all
NALUSs (Frames) to be decodable.
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Figures 12a and 12c illustrate that in the SNU case, if the MTU size is halved
then the average PSNR is reduced by almost 3,5dB and 3.8dB for the base and the
non-base view, respectively. Additionally, the average PSNR resulted by the FU-A
mode compared to that achieved by SNU is increased by 1,5dB and 1,4dB for base
and non-base view, respectively. It must be mentioned that in fact this difference can
be bigger if we consider that in SNU mode frame copy is applied in case of a frame
loss. All experiments indicate that as the MTU size decreases so does the PSNR,
while the fragmentation of RTP packets in transport layer (SNU) results in lower
perceived QoS, compared to the fragmentation in the application layer (FU) that
allows reconstruction.
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Fig. 12. Comparison of perceived video quality in terms of PSNR under different
packet loss rates for the “flamenco” sequence (1 NALU/frame).
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4.2 Several NALU per Frame

Although the algorithm constructed for the fragmentation of NALUs in the
application layer results in better QoS than the SNU mode, this is achieved at the
expense of increased overhead. A different way that results in better video quality is
illustrated in Figure 13.

The NALUSs of the coded sequences used in this experiment consist of 1024 bytes,
thus each frame consists of more than one NALU. Two RTP payload structures are
suggested for this scenario. The first one is SNU, in which each RTP packet
encaptulates one NALU and each frame consists of more than one RTP packets .The
second one is Aggregation Packets(STAP-A), in which each RTP packet aggregates
all the NALUs of one frame, so each RPT packet contains one frame. Although the
MTU size still affects PSNR ,the difference between this case and the previous
one(INALU/Frame) is smaller. The PSNR in this case is higher compared to the
previous one. In case of “SNU mode NALU size of 1024 bytes and MTU 1024” at
5% packet loss the average PSNR is 36.8dB (Base View), while in case of “SNU
mode one NALU per frame, MTU 1024” the average PSRN is 28.8dB (Base View).
This is due to the fact that the decoder is capable of reconstructing the lost headers
using the headers of the other NALUs of the same frame. Therefore, the “STAP-A
mode, NALU size 1024 and MTU 1024” achieves the best PSNR compared to all ther
cases (except SNU), while it achieves decreased overhead compared to the SNU
mode.
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a) SNU mode — (MTU 1024 Bytes) (b) STAP-A mode — (MTU 1024 Bytes)
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Fig. 13. Comparison of perceived video quality in terms of PSNR under different
packet loss rates for the “flamenco” sequence (several NALUs/frame).

5 Conclusions

This paper presents the performance of H.264/MVC packetization schemes in
terms of efficiency and perceived video quality for different network conditions
(different packet loss rates) among different MVC packetization schemes. Particular
attention was paid to MST due to its capabilities to support multicast and
heterogeneity. MVC re-uses the packetization that has been used by SVC. It has been
found that the non-base view is more sensitive to packet loss, due to its coding
dependency to the base view. The best transmission mode is the one with the
optimum MTU size (1024 bytes in these experiments), where each frame is encoded
in more than one NALU’s
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