;e3e&5&. ./ 1p24645T5} An MPEG 4 LI VE UNI CAST VI DEO STREAM NG SYSTEM I N

W RELESS NETWORK W TH END- TO- END BI TRATE- BASED CONGESTI ON

BACKGROUND OF THE INVENTION 5 1. Field of the Invention Thmmmmlmn
rnvention relates to the realization of an MPEG 4 Live Un

Stream ng Systemin wireless network with end-to-end congesti ofi*8htrol,
whi ch can automatically 10 and dynam cal |y adjust the

dat a- bi t r at 4 tMEEG L SEIVHR- DNICAST WCDROJETYERNTNGE s&gaiEvalaiNe WIsBMEYs

bandw dt h. (ol h el t t e he
| nt er net te@ﬁﬁ@ﬁ%é;“ﬁﬁ@P%¥H7ﬂg%§ﬁ§lﬁﬁﬁﬁhéﬁﬁpégﬁbréhé$§%ﬁf§§i§§%f&ﬁﬁion on
the web, stream ng video over the Internet has becom ng a key topic in
academ a and i ndustry. Con } Yo Vindeo e downl oaded fromthe
I nternet and pl ayed back I%%g$¢§a€éét0?u?ﬁgfF#gh@§§§§fer 20 i ntroduces very
| ong, uPRacceptable transfer tinme and playback latency. No live streanming is

supported. Recendiy, oM tRet BEvyERELG8NCE of wi deband network, such as DSL
(the Digital Subscriber Loop), cable nodens, etc., real-time video

streaning over tHE'§ MSSEAL LBVRREEPY Fetabeed o5henaeatirayéan ohan

real -time WeEO-sLLeRUNIGadt VEABLART HMITPEPIt ¥ind@Owi e BEE 8 HERY 03X 0SS
t he Internet.gron1 e server to the client Ln response to a cIL%%ﬁ's
request . TR [SRSHTE 1S CHACBSERE™ RRBHFRY - VARG (97T BSEOMRR: SHIAY ¢ he
dat a i$0reankiéﬂnambeaélgm@jmauxhédkEy—h@eaa;eVtraabmﬁbw&cﬁ4b¥1ﬁmie
stream ng shch, A% 4L dE0 LROPLESE O o ARRLLGRL! BOALAYAL, S Quality of
Service) control, confinuous nedra drstrrbution Séervices, stream ng
servers, media synchronization mechani sms, protocols for stream ng nedia,

etc. Typicall pes@Rlptid® ¥ deReSkELAPLAIaPRS bandwi dth, delay, and loss 35
requi renents. For_instance, video data_nust be played back continuously at

the Client. If tHP®atq F&& FHRCeFSi 08 the Intewiet heephrohaek srchabl y
Pﬁs tolbe pmtsHo :@ébéﬂ:[lga/aiiéméﬁ& Efb@ ﬂf(ﬂﬂl&:}}i}?@c’iﬂal |it1§ﬁoﬂ$é%ioﬁ\/ﬂbﬁhth]§f FRBQY | n%o tS 0
e user. wever e curren st -ef for ernet daes not offer .any
guar ant ees 10 STPHA FPRR fO6ET %?be SO RS ir}’sast REETIRG & KSYorrOPayer QoS
control, whirthachdéamiotan@qgimdestany. QS support fromthe network, to avoid
congestion and i Vi ual | ipy S C I and
Cranom el on del S pareipSEELEY Felido PidUE, REESABGRIBARECIE Ly BER
congest i on BurerRet t aRdspilageflobacht 1Rsad IoontBwt , Twhl chile sreagies to

mat ch be bid¢adudds R yVisles, shaearptanhiaer Auad f &bhemaed @ ahaagw dt h.
One popul ar, Rate Contro] . is P (Rate Adaptation Protocol), which is

end- t o- end FREEERFY eRiP yL 1R gRbr GEPENY s1 8t FUBREHCERr ough TCP connection. 1n
Ehe fgedback TCP)Iﬂécé%ﬁ&qu\AlvﬂcigﬁﬁBéteméﬂ“gﬁrﬁ:é ﬁﬂhﬁdéb&ﬁdﬂﬁﬂvﬁﬂ:]@j sREh

Round- Tri p_ Ti , packet ) tio,.etc.. Then an ti mat.ed current
hetvor k barmi ik ST ey EaT SRRePriBoF o8l o RaBak: TohEltea: £ 6t a

pre- st or ed nealeot Hhe gvadeo streaming over the Internet iswidely accepted

25 and deployed. In real-time video streaming, live video orx
stored video is streamed across the Internet from the server
to the client in response to a client’s request. The client
plays back the incoming video in real time when the data is
received. There are several key areas of real-time video

30 streaming such as video compression, application-layer QoS
Quality of Service) control, continuous media distribution
services, streaming servers, media synchronization
mechanisms, protocols for streaming media, etc. Typically,
real-time video streaming has bandwidth, delay, and loss

35 requirements. For instance, video data must be played back

continuously at the Client. If the data does not arrive in
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Anot her popul ar Rate Control is Receiver-Based Rate 20 Control, which is
mai nly used in nulticasting scalable video streans . There are several

| ayers in the scal abl e video and each | ayer corresponds to one channel in
the nulticast tree. When congestion is detected, a receiver drops a |ayer
resulting in a reduction of its receiving rate whereas the sender does 25
not participate in Rate Control. Now quite a few protocols have been

desi gned arfdime arrdeer pilagiaicdr probabhiychas ore et peased tenWalanfbnsttri'@m ng

servers. Oyl Usly o fo§€r Ca%FE%‘E pst cgé/ &b Qﬁ %ea’[ oS

| nternet video streamn s retr S|on ure alwdys
i ntroduces 8 aguer¥aat trr(ﬁfffﬂ,fé?aﬂla‘m@qﬂér dopgedodt r@éﬁehgaaUpIQQSat i ons

Wi th stringair4ielays r egyli r@ﬂ?@aﬁln&Dthaeaow byB cabhmteir&hl oyed asd he
transpogﬁ_ protocol. for VI deo stream n& n _addi t| on, RTP/ RTCP(Real -ti ne
t 0

Transport PRRGLH FF5T LY fE QOSEPRET PF oBBSN dPes el GREN1FS TBY BV de
end-t 0- end dupsmporirdmte oretwdr ¥, 0 Ofaviddd fc@hg%sslltﬂ@fri i@ hedintiizee

I t R | T 2 t |.) defi
(he. heesagar A RILEN. ARG PEBRETEE TheFHRN LPTE s 1 EtSRar dat a
during an e@laﬁb.h sifed sessiam. stireanting  expypsicad depplldpetritonsilayiarel ess
network, MshabAbA0LenPEOR! 82008 RAN U0 3 rﬁé@éscbégrsﬁ ey el 1

hand- phones an to access ternet ver
net wor RO wigtdiemats i prsmacehnshe @rlrt@’lai'—@r ®ife, tlb%m‘dld\sﬂ%l@ hstrﬁﬁme(ﬁoart@etl rre

varying. Thapds 41 d heefhexik bbihdwiapd, ef ficiency of MPEG 4 technol ogy,
Vi deo stream ng thro:;gggﬂ w rel ess network becones avail able, especially

for live video st SOVNKESE CRORRECLNVENTRAR 16R3 e v AdRPSR tiee

foregoi ng, Photiccd) Ohjteicih ofs tdiRl-Ueseid TOP-@itiiedia 1o, p;rlcaecd@a&anatswor k
bandvmdth/bltrated';ld %ath%ng?hod for,use in_an EG4 e Uni %%st
te

Video Stredning s 59 SSCRBP%Fkon‘L’ hat™ al t¥s
Server 1bo r?rqimcaeleﬁgﬁmemousthar@emss.theaa.mfng‘manwncef (Rﬂé]? (laesxndefl‘fmpt 20

network. Atpf tff%@cl&éﬁmlogé ir%t ot e Ogﬂ}f‘ecri M égélﬂ%ﬁéﬁmcuir@\é%“ on to

provi de a rea stream ng net od inc ng_packetlza
retransni sSiwomns thandwidrdst fFeachieved ftor dﬁsiélf‘vﬁ t thRTPERACREUSR AN

RTSP, that wldawse tde Qp@@lsg&é@c&ia@odgg‘@eéﬁ real -ti me and decode data
properly. 25 To solv he above problens, it provi ded that the downlink

(stream ng channdiP RORBPRY (Rate E%‘P%Eﬁ%?’n F—’F'OB%SF-V‘QPF@?%’F Radet he
upl i nk20mreszagidyl , ckmamﬂ 1 s anoini By TERA( Inamsmﬂsam@rﬁdamahﬂr@wa@b,

RFC793 ) . TIh t jdes_th hi t ect ti

VPEG 4 30" SRR D QTS Gede5oUSTaL HhY eRei o et e YL arErn ' ()
A Rat e Adamaale 1RPEG doBrepbenfsof¢ lameEgbedeel whitdie nmldmcalaft tireescope of
this i nventv*l—féh &éﬁ%g‘?’&géﬁﬁ%sdéﬁﬁ @@c‘fc%"re%éw& FEQhL 181 &y Pr\éﬁq?e@lﬂat a, 35

(b) Pushes [1ve vi t ream ng Server” t hroug Local Area
Net wor k), -1 @ yequagigstQf tife é‘ﬁ@@dl"ﬂ@ngPFﬁt‘@“?ﬁe%%cfé?%lm% ReEhe

requespsfrempd M TCE Y Servgfe ¢t o1 AN (Local Area Network)

Now quite a few protocols have been designed and
standardized for communication between clients and streaming
servers. Obviously, IP serves as the network-layer protocol

for the Internet video streaming. Since TCP's retransmission

30 feature always introduces delays that are not acceptable for
video streaming applications with stringent delay
requirements, UDP is now typically employed as the transport
protocol forvideostreaming. Inaddition, RTP/RTCP (Real-time
Transport Protocol/Real-Time Control Protocol) is designed

35 to provide end-to-end transport functions on top of UDP for
supporting real-time applications. Moreover, RTSP (Real Time
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[(a) Connects the Rate Adaptive MPEG 4 Sinple 5 Profile Encoder and the
Streami ng Server, (3) A Stream ng Server (a) Has a Data Receiver nodule to
receive live MPEG 4 video data fromthe Rate Adaptive MPEG 4 Sinple Profile
Encoder through LAN, 10 (b) Has a RTSP (Real Tinme Stream ng Protocol,
RFC2326) Server nodul e, which perfornms the session control, (c) Has a Data
Transm ssion nodul e (the RTP/ RTCP Transport Engi ne Server), which

segnent i zesStiBedhind/PBs dockal p def ithes e deessaafe 5@ d Gragediras den

Obj ect Pla cketjz as.Lh ] . of P ( L _Ti
Transport Bcre(%)rf%récgf, Cl@%l)?g%g%@és, Eg%d%%%ﬁggﬁ%sg%/ %ﬁ)glﬁgcke s to
the dient estaghshed 20ssLerless network according to each GOV data
bitrate, . wher eas, TACEyL R0 oFTR SO Gl n LSy e FECIARRYcLR et od

to receive the retransm ssion request,, Has a Bitrate %\gapter ul e,
whi ch 28 i efeere PREPBRt A NAYA ST D WiF ot 99| LANJOKe eNG Kk Bigidwi dt h

Pol I'i ng pr i@ phéfed! AV idrs Hd eBRG TFeeandto AW [ eeisleq
informati on frqmthe i ent and make .t he deci.sion on bitrate control that

is to 30 be"F diRrHFFY ST B St 5 3 34t O IRTBRF &% ch i s
to store tHeardh didt-al ithat ed sndecihe ed riyiog. t TieaRas & oAdap tfilexiMAGH, Si npl e

Profile Enc r .4); t] Si Profile. 13D
which is ou%ﬁf(;fe ftf(ﬁéé)lse?o eggfrﬁ?%?_sd :{-'%\(/:grﬁltlczj iC‘E:()) y(’aypgegigeéééllﬁlﬁ(eﬁ%equ&ht

appl i cafi orwirefllesg pptRorkdescomes predilebd eVPEEPdc B hpy £orr biveerildace vi deo
data, (c) P@g@@gﬁiggpoded pictures, (5 A dient 5 (a) Receives |live MPEG 4

video data fromthe Stream ng Server through wireless network (Internet),
(b) Has a RTSP (Real Tine Stream ng Protocol, RFC2326) Cient nodule, which

perfornms the 10 session contgupiMaRy ©F THas AaVBaf@ Ol ansni ssi on nodul e ( the
RTP/ RTCP Transport Engine Client), which receives the RTP/UDP packets from
the Stream ng Server through the wireless network (Internet), 15

depackébi zes each GOV el ofntheef paggoadgofi thkiB diRedlj el the £ Trlae pp@sent

Protocol, RE ) k .des i : t tQ .
(G oup of a%leo ?Ig?{b gﬁ"ﬁ’ég@ %W‘%ﬁg’? %t?&%ﬁ%‘%ﬁ%%v??%% datidd/
st r eam whereethad RFCRsERgabn MRS -Adnt volnpbrassdbldedFcred9ing syisgsmenent ed

to send thed g1 ADB0LSShARWEERYCEhat( G 1R a1l { §0F£aAUART 8EFRAUIS, which
i npl enents the Bitrate Adaptatiqn protocol 25 and, Networ k. Bandw dt h Pol | i ng

protocol , tRF TEEHEOR KT VEERPr DF PRTORHRFOR §D URF BESEaRttg Ser ver,

20 network. At the same time, it is another object of the present
invention to provide a real-time streaming method including
packetization, retransmission, bitrate adjustment, etc., for
use with RTP/RTCP/UDP and RTSP, that allows the Client to
receive data in real-time and decode data properly.

25 To solve the above problems, it is provided that the
downlink (streaming channel) adopts UDP (User Datagram
Protocol, RFC768) and the uplink (messaging channel) adopts
TCP (Transmission Control Protocol, RFC793). The present
invention provides the architecture of transporting MPEG-4

30 Simple Profile Video data, which is shown in FIG. 1, wherein,

(1) A Rate Adaptive MPEG-4 Simple Profile Encoder,
which is out of the scope of this invention
(a) Generates the MPEG-4 Simple Profile live
video data,

35 (b) ©PusheslivevideodatatotheStreamingServer

through LAN (Local Area Network),
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{(e) Has a Data Link Buffer, which is to store the received GOV data and
nonitor the buffering 30 status of itself, as well as forward the collected
buffer state information to the Bitrate Adapter nodule. According to the
present invention, the initial streamng bitrate is to be decided by two
ways, that is 35 (1) Manually configured at the Cient by the user through
a GQJ, or -5 ( 2 ) Auto-negotiated by the Stream ng Server and the dient
with the Network Bandwicl h Bdfushg metambdlrfgurbiH'maniacddmimment

invention, the bitrate 5 aﬁ,@f{ﬁtﬂ}%‘ %&lée@‘% Y8l @il%es%f %Id\\f’%ﬁd}e to

consi sts of two aspects, rease of "énco
networ k det eri orat4bn rLM¥cébesad pvea Natwaghkput, and ( 2 ) Increase of

encodi ng bitrate due t eatbhnBet 1 n raf efigdh
enbodi mént of the pr esgéh{1 i nventi O%D%?ﬁeq{afglgéééég%\’é M%ﬁ:@"lg E]é';ner ated by
t

the Rate Adaptive MPEG 4 SiFpPElbeoERFeIehcardr thes SEreamipds SRTVES /t he
Stream ng Server {3y oughstifd&hiedy g@fi-{}l@ﬁtl on with one GOV by one GOV. 15

The enbodi nent all ows the ta Tr si on npdul n the Strean.ng Server
to segnentize and pack&? ze%?ﬁe ﬁiefco‘?ev‘?lhémt%\;ls e 12 1R t]ﬁg’%etv\ork
according to their bitrate MPEGa4 pvéﬁeor eldtantﬁzt:bmret\heokatbe Amaﬂ:anie

invention, if 20 the Data Ty ?1 EFrnf the
incom\;og RTP/ UDP packet s, | St ar e recons ruction o o

other Wwirds, the Acces&olnilias TheRTSHRe (Readv@ime @@velamlm li’e:qtrmmh,ed into
the Data L| nk Buffer in therfdd £5%) dd-AePiSRITLd IR0 e

present invention, if 25 packet | oss occurs during the transm ssion of
RTP/ UDP packet s, the bl ank IXRRLID oFOREF@tal |y recovered GOV(s) (inconplete
Gr?\b/( 3)) i's (?r e)h to be(¢nseHded wt@r:tﬂa@lgaats%ﬂdmiﬁoaunfeerth% :CR’I@/IR;]I@PEFL edk
enbodi nent o tepresentlventlon 1S e Data Link Buffer that checks
whether it is necessary 30 for° ?%E&glﬁﬁ%eﬁyeﬁs ﬁ’t%‘ﬁ?g?“@ﬂt &Fitted.
The reflbansm ssi on checki ngthe MPEGggedath lon the bawgeidrywofotow (Grloup
recovered GOV. Retransm ssi e

O YIRUEBHT AL 1&9&2&9&&19% ety

Transm ssion nodule fromthe Lin ransm
Stream ng Server by the RTG¥ LDI?JFB raKatas OGFSR'IIWe (Beedd Tirmet Taflatn@mrtthe

retransm ssion of a GOV or waitofy aRﬁ@fB%@)Q?aé]Eé@Q b NeOMEBse 6
The enbodi nent allows only those s that are still  int St ream ng

Server' s Data Link Buffer BF4&PF e@‘?‘%‘?ﬁt‘f%dt enCaippéf §PF@H9§n‘6§’ﬁ ment
of the2present invention, tWierkesd nedwdakeallPEoddng 08! €adt @ov dalbacoder

takes fully 5 recovered GOyg, . ncl uding, Lhose tat Are racouered 0%,
Protocol, RFC1889) is implémented to receive
the retransmission request,

(d) Has a Bitrate Adapter module, which
25 implements the Bitrate Adaptation protocol
and Network Bandwidth Polling protocol, to
allow the Streaming Server to receive
feedback information from the Client andmake
the decision on bitrate control that is to
30 be forwarded to the Encoder,

(e) Has a Data Link Buffer, which is to store the
GOV data that is received from the Rate

Adaptive MPEG-4 Simple Profile Encoder,
(4) A Rate Adaptive MPEG-4 Simple Profile Decoder,

35 which is out of the scope of this invention

(a) Resides in the Client application,
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lfetransm ssion, fromthe Data Link Buffer. In a preferred enbodi nent of the
present invention, the Data Link Buffer in the Cient collects its own
current status and forwards that infornmation to the Bitrate Adapter nodul e
10 in the Cient. This is triggered each time when the Decoder successfully
takes out a GOV fromthe Data Link Buffer. In a preferred enbodi nent of the
present invention, the Bitrate Adapter nodule in the Cient evaluates the
Bitrate Control |nforntlel onPecpdeas fiorqarereived MERGréndinle Prafd 155
counterpart in the Stream ng;geryeied higugh TCP connection. In a preferred
enbodi nent of the present invention, the Bitrate Adapter nodule in the
Streaning Server makes{®he %%E@%?%na%ﬁoﬁﬁﬁrB%GtHHFﬁstnent based on the
information from ($s counieepart in the Cient. Corresponding command is to
20 be sent to the Adaptive Rate, MPEG: 4 Sinpl e Profjle Epcoder. to adjust the
next CI}%" s encodi ng bi E?)ate.e?ﬁl‘éef)réf’gﬁr g’%%d‘f it ?chérﬁF‘estglrﬁ
invention, the Bitrate AdaptereamiiuyeSenveéhetbroagh atdeliesscagiwargkart in
the Stream ng Server are to fﬁ@g&ﬂgﬁg the initial stream ng 25 bitrate
usi ng Networ k Bandwi dt h Polf protocol by tenporarily opening a UDP
connection. The enbodi fleht B&$o0asRTHR NBeadr RiBendwirgemiRgl [Hueggmodcess to
be triggered by a Polling Tgg@s3sbly idng ddie ha St LA S Y &e The
Bitrate Adapter nmodule in the Cient 30 and its counterpart 1n the
Streanitflg Server are to negRRFP AMEEPLthe current network bandwidth is

Iover thef currgnt n;t Ij_ean&' Ng mag Laamgtayrﬁaeimrsﬁiidrym@aaméngu@e lp@@/@{;qmeﬁti on.
n a preferred embodi nent t he present inyention, a.user coptrols the
streani ng session through %Eiar(ﬁ‘%)‘hr%@g%@r g’serl“'n)c eW%&E%r?C%m& such

as Start, Stop, etc . , ar RTPAMRPoickieby RFfGR/ ThP someeatingnServer
through the wireless network (Internet),
15 depacketizes each GOV from the payload of RTP

(Real Time Transport Protocol, RFC1889)
packets, desegmentizes the MPEG-4 data back
to GOV (Group of Video Object Plane), and
reconstructs theMPEG-4video stream, whereas
20 RTCP (Real Time Control Protocol, RFC1889)
is implemented to send the retransmission
request,
(d) Has a Bitrate Adapter module, which
implements the Bitrate Adaptation protocol
25 and Network Bandwidth Polling protocol, to
feedback bitrate control information to the
Streaming Server,
(e) Has a Data Link Buffer, which is to store the
received GOV data and monitor the buffering
30 status of itself, as well as forward the
collected buffer state information to the
Bitrate Adapter module.
According to the present invention, the initial
streaming bitrate is to be decided by two ways, that is
35 (1) Manually configured at the Client by the user
through a GUI, or
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The nature, principle and utility of the invention wll beconme nore
apparent fromthe followi ng detail ed description when read in conjunction
wi th the acconpanying drawi ngs. 5 BRI EF DESCRI PTI ON OF THE DRAWNGS I n the
acconpanying drawings: FIG 1 is a diagram show ng the system architecture
of the present invention; 10 FIG 2 is a diagramshow ng the overview of the
RTSP session procedure; FIG 3 is a diagram showi ng the overview of the

RTP/ RTCP Tr anspor 2 )Endiuisg-ke@» diatsed iy afraftsteaming tYerwoueraricewhef t he

normal 15 data ”ansm(ﬁ};ié’ﬁ't bepyegn E}?ﬁe'ggéé?ggﬁ Tﬁéﬂ&%‘ihtthEngjo'].ﬁsih#:I G5

I's a diagram show ng t overvi ew of ata retransm ssion betweerr the
RTP/ RTCP Transport En®¥REecE G 6 is a di agram showi ng the structure of

the Extended RTP Raakfdrme®e Fl En7the - AURGH @M SOV N\ent henst Bi¢tAde of the
User Apgl i cati on RTCP Packet; FI.G, 8 is an operatjon_ flowhart schematically
showi ng>t heé? %tsjs‘?rhﬁoo%‘?é’t‘ﬁa&ﬂ-a@flean?ﬁwrﬁ@dwlagfs}bSPPSEﬁ&isn%f Ssver ;
FIG9 is adaBmgriad stioat nPst he structure of a conplete 25 GOV with RG (RTP
aV); FIG 10 is di agr am showi t he classif.ication_of three different
ROs. Fegar i ng  he 1op LTS eGaanEa AT R oL SRS 19P8 oD opETHPT N
di agram show ng t he prdesssiog e adr deadder ‘BT ROSECRhrandportt, Bngi ne
Client; 30 FIG 12,4\s i ' LSt ' | I £ferent
RT(];/)RT@ r@ééé o%%%}%%k?ﬁ%g%ﬁg%orWéQI% & Yol

processes of a ansport I'ént” upon
10 condition.

In a preferred embodiment of the present invention, the
Bit-stream, which is generated by the Rate Adaptive MPEG-4
Simple Profile Encoder, is firstly sent to the Streaming Server
through HTTP/TCP connection with one GOV by one GOV.

15 The embodiment allows the Data Transmission module in
the Streaming Server to segmentize and packetize the GOVs
before the GOVs are put on the network according to their
bitrate.

In a preferred embodiment of the present invention, if

20 the Data Transmission module in the Client receives the
incoming RTP/UDP packets, it starts the reconstructionof each
GOV, in other words, the Access Unit. Then ‘the recovered GOV
is to be inserted into the Data Link Buffer in the Client.

In a preferred embodiment of the present invention, if

25 packet loss occurs during the transmission of RTP/UDP packets,
the blank GOV(s) or partially recovered GOV(s) (incomplete
GOV(s)) is (are) to be inserted into the Data Link Buffer.

In a preferred embodiment of the present invention, it
is the Data Link Buffer that checks whether it is necessary

30 foraGOVorpartofaGOVtoberetransmitted. Theretransmission
checking is triggered by the insertion of a fully recovered
GOV. Retransmission requests are to be passed to the Data
Transmissionmodule fromtheDatalLinkBuffer; thentransmitted
to the Streaming Server by the RTCP/UDP packets.

35 The embodiment allows the retransmission of a GOV or

part of a GOV to be tried for only once.
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receiving a RTP packet; FIG 13 is a flowhart show ng the process of GOV
insertion in the Data Link Buffer (Cient); 35 FIG 14 is a flowhart

showi ng the process of GOV reading in the Data Link Buffer (Client); _g_
FIG 15 is a tinme sequence diagram showing the Bitrate Control nessage fl ows
in the current invention; FIG 16 is a tinme sequence di agram show ng the
Retransm ssi on nessage flows in the current invention; 5 FIG 17 is a

di agram showi ng tTiee prdmedionarit relkiows BirtlnattthdGeniG0ls Déwtsisore FHIGS8 is
an illustra] ' ' t i ERLLI f [t

Control nmec %%ﬁg%ﬁ%a@?ﬁ ?%Wg%rl%‘ﬁ)&?t% ?Lé%}ggﬁg?%grtﬁgﬁgﬁ%%%egtﬁ%f'ml 10
pl ayback scenari olbf prefSrredreabosimest aEdimnpsaseRtG2ventian, the

|1 ustrati vesgbagr@nrabawniied e SEHMDE K pdgleen borld QM SCeARELD fi Thhe
Bitrate_Control nechanism FI G 21 is an illustrative diagram show ng the

Decoder ®s pgRFOYRTUgIAAS 'scARGLHELBE (HPER t tRRE CBREr GTesRCPEREs Y 15
FIG 22 i s ardtrenseisense, of ogharhs hoxtH0L.i AR pQEFERY process; FIG 23 is a

di agram showi ng the _auto:negotiati an_prqcedyre. In the acconpanyi t abl es:
20" Tabl e 1 expl ai 1o ToS EE T P A TRt B S RER= AR ACRALOH oS 5
expl ai ns alDatta@inkeBwhfén inheh&$dn efpptotaecon IRECBwpacketen s HaESER! PTI ON

OF THE PREF;E{%B@Q]@\AIE}QR! S, ' , I\, ' t. Video
Streaming Systemin wre g}slﬁg %oﬁggg\t/)\ngfﬁge%{de %%%%é%&%%ﬁ{o%%erol
accor ditfg tin the fldeam. ThisniporrWwyered erckrtinee whenldihe Der®dsa ow

with referefifedos 1 dr @ dgSout a GOV from the Data Link Buffer.

In a preferred embodiment of the present invention, the
Bitrate Adapter module in the Client evaluates the Bitrate
Control Information; then forwards that information to its

15 counterpart in the Streaming Server through TCP connection.

In a preferred embodiment of the present invention, the
Bitrate Adapter module in the Streaming Server makes the
decision on bitrate adjustment based on the information from
its counterpart in the Client. Corresponding command is to

20 Dbe sent to the Adaptive Rate MPEG-4 Simple Profile Encoder
to adjust the next GOV'’'s encoding bitrate.

In a preferred embodiment of the present invention, the
Bitrate Adapter module in the Client and its counterpart in
the Streaming Server are to negotiate the initial streaming

25 Dbitrate using Network Bandwidth Polling protocol by
temporarily opening a UDP connection.

The embodiment allows the Network Bandwidth Polling
process to be triggered by a Polling Timer during the data
streaming procedure. The Bitrate Adapter module in the Client

30 and its counterpart in the Streaming Server are to negotiate
how far the current network bandwidth is over the current
streaming bitrate by temporarily opening a UDP connection.

In a preferred embodiment of the present invention, a
user controls the streaming session through GUI (Graphic User

35 Interface) . Commands suchas Start, Stop, etc., are transported
by RTSP/TCP connection.



A Streamng Server, a Cient ( including a Rate Adaptive MPEG 4 Si nple
Profil e Decoder), and a Rate Adaptive MPEG 4 Sinple Profile Encoder

i ncluded in this enbodi nent use information-processing devices that can
execute the process 35 described bel ow. Those infornation-processing

devi ces include so-called general - purpose conputers, workstations, -g and
personal conputers, as well as network connectabl e information-processing
devi ces such as ditg hakubtenepel il € aa@pht DL L o Pehkahhwert €f G malla such

as PDAs, d cel lul ar ones not ed. t hat. t roce

dosor | bed- BETGTS MREFLRPRRTEBE AAPEURE S0 Lo B S A ATACR AP S PBar  of
process mawhsn doesed aim acdagevet tomnivi th Ftie lacsompdhggngndselwemgisi.cal | y
showi ng the overview of a wireless MPEG 4 stream ng systemto which the
MPEG- 4 Live Unicast Video Stream ng System according to the present 10
inventi®én is applied. FRREEF| PEGSERIPRECN| @Fir EHEt RRAWFNGEmM conprises a Rate
Adaptive MPEG Sinple Profile Encoder that encodes MPEG 4 data, a

Stream ng Server that receives MPEG 4 _data fromthe Encoder and sends it to
the Cient, and &7 5RH2IFRALIREENY X AWPERYAtat a and decodes it. The
Encoder and t he FIRT eaTangi SeF RS slid i £ M1 8 Bem ad JiN ecthgrLoifent  and
t he Stream Server are connected via a wreless network. FIG 2 is a

di agram schk %ﬁef%): S%Wrﬁbl?l?ie overvi ew of the session procedure of

RTSP. TRe RTSP S&8E} .6h i3 ox edliiagrdret sleewindetiser emarmgesSepfethen®RTiSPe
Client is f 1 0 to RFC2326 with the foll owi ng nessages. Set
up the sesssligosl'nsyl 3; - (%glrgeam ng Server SETUP

rtsp: |1 Server Add‘rICPo?r i SNy ieersahshrl g rhe DVRTSREY. of (g RT8RTERce Num
25 Tr ansporﬁrarg%r%v&néﬂéast client_port=RTP_Porf-RTCP_Port Stream ng

Server -> Cient RTSP/ 1.0 200 OK Cseq: Sequence Num 30 Sessr on: Sesir on_Num
Transport: RTP/ AVEGrf d8s e, @é?géﬁmp%]i‘?wﬁ’f@ B (e B 92t teepeTgipl ay

d i ent 15>Std=aaT tiarSeivesi o PhiWesh Sthé | Bep yRTCAdUraRepbrMUEhGoREERT
| D User_I D RTSPI 1.0, e SRUencs-\maess' o 5588190, MP 142 data
retransmission between the RTP/RTCP Transport Engines;
FIG.6 is a diagram showing the structure of the Extended
RTP Packet;

20 FIG.7 is a diagram showing the structure of the User
Application RTCP Packet;

FIG.8 is an operation flowchart schematically showing
theprocessingoperationof a RTP/RTCP Transport Engine Server;
FIG.9 is a diagram showing the structure of a complete

25 GOV with RG (RTP GOV);

FIG.10 is a diagram showing the classification of three
different RGs regarding the UDP out-of-sequence problem.

FIG.11l is an operation diagram showing the processing
operation of a RTP/RTCP Transport Engine Client;

30 FIG.12 is an operation diagram listing the main nine
different processes of a RTP/RTCP Transport Engine Client upon
receiving a RTP packet;

FIG.13 is a flowchart showing the process of GOV
insertion in the Data Link Buffer (Client);

35 FIG.14 is a flowchart showing the process of GOV reading
in the Data Link Buffer (Client);
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Stream ng Server -> Cient RTSP/1.0 200 OK Cseq: Sequence_Num Sessi on:
Session Num5 Range: npt=Start Tinme-End _Tinme Stop the play and tear down
the connection Cient -> Stream ng Server TEARDOM rtsp: || Server Addr. Port
Num Content | D User ID RTSP/ 1.0 10 Cseq: Sequence_Num Session: Session Num
Streaming Server -> Client RTSP/1.0 200 OK 15 Cseq: Sequence_Num Sessi on:
Session Num Keep alive nmessage Client -> Stream ng Server 2 0
GET_PARAMETER rt spI¢| Bericera Adde. Pegtehnsl Chagean sidbwiney tHe MESYalkd) Cseq:

S N 25 RTSP/ 1.0
200 Ok GaogRreente® eae sehe e kB RO R RbvER e e i 1 al |y

sends the SETUP nMeEGab® tbs 3R t HelnRT S elnrarae askiagydor shaeisd orkhset up.
If the RTSPR&fsﬂémggé§oﬁ0ﬁ\é¥§a§9<flbévscaﬁat:ﬁé Ebgr@take%v%t%?! RTCP

Transport Engine Client and_sen message to the RTSP. Server asking
for staPt of the &t¢ehfitfd dﬂrﬁ%rﬁﬁbogéﬂge?h%HEHCFﬁ§thﬁ1WP5{LE§ Bifg ke RTCP
Transport Eghteobenyeisobhect to provide the 35 stream ng service. During

countorpart’ s st A0S 1Y LErARny L LT PARNET Bk AEEBnGBO NGRSO ARASD Al i ve
nmessages . defimetbows obft bkesBssrate cbrt ROEPmEchant ssends t he TEARDOMW
TPosR0e pol e A 1S SRR Myacthes ] G by Bl MRS e el 1Y

i nvent gﬁn r@h@h’b@@ktwmtaowﬁktmfBetrat—ebGDnthiLemECbmnlStmeam ng Server
sides to facilitafgI£FAUELN Qileeek-sthSéfégfgﬂ SASEE %ﬁ@%&%iikant

flow of GOV data, to the Decoder, At the Streamng Server, a GOV is firstly
fragment ed 4RE S1PRt BECRRAT 1O R?fb paekBE srayet ﬁ@nR’FPﬂRTPQPh?P&ﬁg‘port
Engi ne Server; t sehi stan théuetirafivesdiagraroshening Hee REOORPCP S

Transport %ﬁ%ﬁdﬁﬁp@étﬁa&{&f&%%ﬂﬁt@%&% aadcasiemlesrliRgm i nto a
15 FIG.22 is a time sequence diagram showing the
polling process;
FIG.23 is a diagram showing the auto-negotiation

procedure.

In the accompanying tables:
20 Table 1 explains all the fields in the Extended RTP
packet;
Table 2 explains all the fields in the User Application
RTCP packet.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of an MPEG-4 Live Unicast Video Streaming
System inwireless network with end-to-end congestion control
according to the present inventionwill be described in detail

30 below with reference to the drawings.
A Streaming Server, a Client (including a Rate Adaptive
MPEG-4 Simple Profile Decoder), and a Rate Adaptive MPEG-4
Simple Profile Encoder included in this embodiment use
information-processing devices that can execute the process
35 described below. Those information-processing devices

include so-called general-purpose computers, workstations,
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.10 GOV; then inserts it into the Cient's Data Link Buffer. The foll ow ngs
summari zet he mai nfunctionality of each conponent. (1) Data Link Buffer
(Server) a. Stores GOVs for transm ssion and retransm ssion, 15 (2)

RTP/ RTCP Transport Engi ne Server a. Handl es transm ssion/retransm ssion of
OV data, b. Includes CRTP (Server), CRTCP (Server), Logger (Server), and
Push Tinmer, 20 (3) CRTP (Server) a . Constructs the RTP Header fromthe
rel at ed GO@richf peradchah, dompisreltes REP/MEDR comnevttivwork c cobaedited lgacket

transni ssi on, £ A3k 1 iU %@ée@@%&tderv‘ﬂ:%%n&%ﬁ%soalgﬁézal%rﬁ\epe(lg%rt‘f‘i@ a.

Recei ves retransm ssi o equest epli es an ransm ssi on-for bi dden
noti ce, (5)a&RJgigaércqsserW§a@beateRetmh§ %‘a@]ke?-st?@ﬁ§m sadogedililag, b.

Logs error gH¥rddiat irenshb6) aRvs lobld®Enae QQ@tﬂx‘B@eé;é RABADb Yedlors (7)
Dat a ngk Buffer (Clent) 35 a. Stores s t hat from RTP/ RTCP

Transport B &P fé’l’ff“edli&a sqf twar&REC aPSH't F BRAIdert PEOFSRFP/ RTCP
Transport ey e dorentord. a Heaediwsr &dhitat a receiving, b. Includes CRTP
(dient), CRTCP (

Handl 65 RTPI UDP ENTiantPoR SHEOHAN £ Ll 11 gLy Showind ene ovBH o
of a wireless MPEG-4 streaming system to which the MPEG-4 Live
Unicast Video Streaming System according to the present

10 invention is applied. Referring to the figure, the system
comprises a Rate Adaptive MPEG-4 Simple Profile Encoder that
encodes MPEG-4 data, a Streaming Server that receives MPEG-4
data from the Encoder and sends it to the Client, and a Client
that receives MPEG-4 data and decodes it. The Encoder and the

15 Streaming Server are connected via a LAN. The Client and the
Streaming Server are connected via a wireless network.

FIG. 2 is a diagram schematically showing the overview
of the session procedure of RTSP. The RTSP session procedure
between the Streaming Server and theClient is fully conforming

20 to RFC2326 with the following messages.

e Set up the session

Client ->Streaming Server
SETUP rtsp://Server_Addr.Port_Num/Content_ID/User_ID RTSP/1.0

Cseq: Sequence_Num
25 Transport: RTP/AVP; unicast; client_port=RTP_Port-RTCP_Port

Streaming Server -> Client

RTSP/1.0 200 OK
Cseq: Sequence_Num

30 Session: Session_Num
Transport: RTP/AVP;unicast;server_port=RTP_Port-RTCP_Port

e Start to play
Client ->Streaming Server
35 PLAY rtsp://Server_Addr.Port_Num/Content_ID/User_ID RTSP/1.0

Cseq: Sequence_Num
Session: Session_Num

-10-



.b. Interprets RTP Header and extracts RTP payload 10 data, c. Reconstructs
&V, (10) CRTCP (Cdient) a. Sends out retransm ssion request, b. Receives
any retransm ssion-forbidden 15 notice, (11) Logger (Client) a. Records RTP
-packet arrival timng, b. Logs Error information. FIG 4 is a diagram
schematically showi ng the overview 20 of the normal data transm ssion

bet ween t he R‘E:t’/ RTCP :’;brans or{:.E i nes, wherein, (1) At the Stream ng
Server side a &P %"Y?o'rﬁ {ﬂ%ﬂ Encoder) is inserted into the Data Link

Buf fer (ServeRTSPMOO 200a0&d 25 i nformati on such as GOV bitrate, GOV
duration, GOVCsedeSeglshcebNuA new menory node is allocated to store the

new y inserteg C?x/ Wi its_rr{\(gl ated information, 3 0 ¢ . RTP/RTCP Transport
Engi ne Server IR o RESSPNBHE from the Data Link Buffer (Server), d.

RTP/ RTCP Tr anfange: bpft=8taderme-Eaticlimbées t he RTP packet duration
according to the GOV bitrate) GOV size, and RTP packet size, 35 e. RTP/ RTCP
Transport Engi ne Server sets the Push Tiner, -13 f. Wien the Push Tiner
triggers, ext&ndeHORTEHRCREAY( fA@nbRBTofA@ON) tihe seannasrthend ient, (2)
At the dient (eat-aStreamimg8erv@ransport Engine Cient receives RTP 5
packet s cont afEARDOBBMtst/Servier_AdHP/ARRCRUY Gorstpuir ID/Begit W8 RTISPEN0 try to

reconstpuct t , / Transport Engine Client inserts the
succesEsLPuIIy p&&)ﬂ/?gsree@?@?"ilvﬂrgpt he Data Link 10 Buffer (Client), d. Data
Li nk Buffer (8eseien: Session_Nitmany GOV that needs to be retransmitted
wholly or partially and passes the request to the RTP/RTCP Transport Engine

Cient. Streaming Server -> Client

RTSP/1.0 200 OK
15 Cseq: Sequence_Num

Session: Session_Num

e Keep alive message
Client -> Streaming Server
20 GET_PARAMETER rtsp://Server_Addr. Port_Num/Content_ID/User_ID RTSP/1.0

Cseq: Sequence_Num
Session: Session_Num

Streaming Server -> Client

25 RTSP/1.0 200 OK
Cseq: Sequence_Num

Session: Session_Num

The RTSP Client initially sends the SETUP message to

30 the RTSP Server asking for a session setup. If the RTSP Client
gets active ACK, it creates the object of RTP/RTCP Transport
Engine Client and sends PLAY message to the RTSP Server asking

for start of the streaming. The RTSP Server then instantiates

the RTP/RTCP Transport Engine Server object to provide the

35 streaming service. During the session, both of the RTSP Server
and RTSP Client need to sense the counterpart’s status by
sending GET_PARAMETER messages to act as Keep Alive messages.

At the end of the session, the RTSP Client sends the TEARDOWN

message to terminate the session.
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15 e. Retransmi ssion requests are proceeded between the RTP/RTCP Transport
Engines. FIG5 is a diagramschematically show ng the overview of the data
retransm ssi on between the RTP/ RTCP Transport Engines. In general, there

are two types of retransmission, 20 i.e., the retransm ssion of single RTP
packet and the retransm ssion of a whole, GOV. The correspondi ng requests

are handl ed by CRTCP, which realizes RTCP protocol. In each retransm ssion
request, the GO\/muénte a1 diilegrr sandchesaRi Papaykshostygerive averberewar e def

fined as t fLgLdgref, dala%g 2 uest,
the St reamhtﬁfg ejraverl%vvl g‘%e‘??. ggggﬁﬁe esl Q%Pg %H&)\}%;(’gglr% t%e Dat a
Li nk Buf f err§BE5RS )thes Dabtrn; Ia'lsﬂt Haffen grrabed GOy lientsiEing Stiyrasaina hout

bei ng overvgéxtx;@frsbaegew @nf@été%ee%r% Ql:ﬁe@%séégeaéareeemfw
Server will try to push desi gnated GOVt e. 30 Cient as soqgn as

possi bl @ i rF%FPPﬁIténﬁTﬂ‘ﬁ‘ﬁﬁfegg Ot tPe‘é]%QeC@Fi% NP EESERENI t he
Stream ng Spresr t akcesv dw ftbetmgrfmﬁmﬁté@ a@:@léﬁcéfgsdahﬁeﬁrﬂﬁté IR P

desi gnat ed ceardin P se nge Then t Streani ng
Sorver - pusTECRAES St (a8, SR P e e L0 Ao Skt HETb REar

packet 35 d@® strbxmcésep@sshbl thel®lidmt cade (ﬂ'l‘PrnR’RdEpl'IeraRB%qxa:cEengedeosses
of one GOV~ eé]{%m t Il be
i ssued one llt-églnt{e wever, }P%]dcﬁglkg‘ﬁsr%ga%a %Eh(asegﬁ I'S noc%(e%rlrlaeenr Jlée}%os}tg: ng in
the Dat Lﬁ&/ BEHESr inserterit into theelChdentéswPatadalnyy BuifemeBheOvs,

the Stream g 198F MESs %x‘rdna&%é)(:}é h&id a0arL$8hans LYY d8en cBRrSSRSE 1, Ot he
Clientthrough 5 a CP packet. Once the Client recéives such a reply, it

marks up a retransm sé?atﬁf‘fItﬂ'Ib]Fd%é%f?lfabs%’FV?ﬁe corresponding GOV in the

Data Link Buffer (dienrt.) $eorasli catgouishat £eir andpasamidSicn | edagdd no
retransm ssi on request should be re i ssued. Retransm ssion RTP packet is
processed as sane 10 as not Tt & 2ek¥is . The retransnitted data will
be ins&bted into e RIRARTLAITENGD & rEndin®asarvenk Buffer (Cient) as

long as it is still waid| ’}9‘—#8{(5& h@rﬁ&?ﬁ%@n?%%%n%&s Lbn! 3¢ BByData

Link Buffer (Cient) t Rat for an nee Be Fetransnitted.
The process is triggered B§a%%e 15 insertion of a new fully recovered GOV.

Furthernore, in order mpot j@cgjcﬁérgt drnep nqrg&lvetrr)ansmpon (5@evaugh, the
nunber of retransm ssion request for the sanme_ GOV data should be limted,

e.g. , less thann tines, irPIFRF cESRXVFT} et FBASHISR| b4™Bhcket being | ost,
since petransm ssin \MH‘]i‘P cEst@r t he 20 network bandwi dth as well. FI G 6

is a diagramshowing the structure of.t ended. RTP, Pac

packet in the present |rive¢1?r|1%‘ﬁ ?%t%fpgﬂﬁle ﬁrs%{,ogpgﬁ a“ﬁ%??%%gﬁ header

fields to hel p packetize amifoepscketi ze the GO\/ Table 1. explains all the

fields in the 25 Extenged ijgxid é%dlgf ﬁeé'ﬁ'%‘ﬁ below, Table 1. Fields
IS % Er t

in The Extended RTP Packet uact ~oaV=22As i n RFC1889P1As
in RFC1889X1As in RFC1889Cimdles M%9M¢esmhsms89prms in RFC1889Seq

NunBAs25n RFCL889 -15 3. Handles packet retransmission,
(4) CRTCP (Server)
a. Receives retransmission request,
b. Repliesanyretransmission-forbiddennotice,
(5) Logger (Server)
30 a. Records packet transmission timing,
b. Logs error information,
(6) Push Timer
a. Controls streaming bitrate,
(7) Data Link Buffer (Client)
35 a. Stores GOVs that are from RTP/RTCP Transport
Engine Client,
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Time Stanp32As in RFC1889SSRC32As in RFCL889Profi| el6Ext ended

Profil eLengt h16Ext ended header | engt hTxGOVvSegNunB82GOV Sequence Nunber used
in Transm ssionTr16Total RTP packet for this GOVCr16Current RTP nunber for
this GOVSENTT32Server Estimated Next Transm ssion

Ti medwGOVDat aBuf f Si ze32The byt e' snunberof the GOV data

buf f er dwGOvDat aSi ze32The actual byte's nunber of GOV

dat adwPr evi ousGOVBi t r atle32PRESBFt FAVe &P Ithet Deovd®Bur r ent GOVBI t r at e32The

bitrate of currentgEOvaneurrent SLNRISd2thengtakt cng KES of current
GOvdwCur r ent GOVDur ati on ~32Thgadurat|on of curre

nt,
GOVdwCur r ent GOVSeqNun82The8RA4EE SRYuERte REREEViBL current
GOvDwWNunof Fr ame32The f riamreInuiti@esofRTHN (@Dient), CRTCP (Client), and
GOdeCu%rentGOVTransnissio Se Qunﬁéﬁhe %ransnission sequence numnber of
current GOV FIG7 is a diag?g EhdWi§™Fhe structure of the User
Application RTCP PackefRTRTQOPlientised to send the retransm ssion requests

for the | ost RTP packets . 2 3@9%? al i S i he §§§[
Application RTCP packef§ésH%§F%§§s. a %éE .¥¥ﬁg§%%%f%§ in e er
Application RTCP Packet. FreféivisBgze (Function (bit) -16 V=22As in

RFC1889P1As in RFC1889)] ASthBeRptd 88 %aui ¥ REeA AN RHAS8IRTB % 1had
RFCl883bength16As i n RFC1889Tx SegNunB2Request ed GOV Sequence "Nunber to

be ret nsnittedRTPPackethﬂﬁﬁ?Requested RTP packet nunber to be
¢. Reconstructs GOV,

(10) CRTCP (Client)
a. Sends out retransmission request,
b. Receives any retransmission-forbidden
15 notice,
(11) Logger (Client)
a. Records RTP packet arrival timing,
b. Logs Error information.
FIG.4 is a diagram schematically showing the overview
20 of thenormal data transmissionbetween the RTP/RTCP Transport
Engines, wherein,
(1) At the Streaming Server side

a. Raw GOV (from the Encoder) is inserted into

the Data Link Buffer (Server) with related
25 information suchas GOVbitrate, GOVduration,
GOV size, etc,

b. A new memory node is allocated to store the
newly inserted GOV with its related
information,

30 c. RTP/RTCP Transport Engine Server takes one GOV
node from the Data Link Buffer (Server),

d. RTP/RTCP Transport Engine Server calculates
the RTP packet duration according to the GOV
bitrate, GOV size, and RTP packet size,

35 e. RTP/RTCP Transport Engine Server sets the Push

Timer,
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retransmtted, if equal to -1, retransmt the whole

GOVSpar e/ Unused32Reserved for future used FIG 8 is an operation flowchart
schematically showi ng the operation of a RTP/RTCP Transport Engi ne Server
A RTP/ RTCP Transport Engine Server is responsible for segnentize and 5
packetize GOV into RTP packets and push those RTP packets to the dient
through the wireless network. At the Cient, RTP packets that contain GOV
data are reassenbl ed irfi.o Bhehothe EyshyTihnerhskpggkrishe exdfandat KRTRinber s

in each RTP packet, i.e.. JxGNSQ@dhetit)ofBdvhis BeRRUSPLAQ diRpacket

may be lost or arrive at the destinatlon by out-of-sequence, thé RIP/ RTCP
Transport Engi ne fas t&F hen@ll €lipet pFb8Redi ng problens . There are three

types of RG (RTP GOV) ,al.Rrp/RetrRean¥ddteERB nand ilads! rBeeivBarems New
RGis the first fragnment of the GOV e last fragnent of 15 the

Last , RG i§ tg
GOV, and the rest RGs are RROPES RERNCEIBING PQV4a9RERgr am showi ng t he
structure of a conpl et & GRTA RICRG TRHSESN) . Ehkgdne aceithteetcpsas for a

RTP packet arriving at the i ) ) t he RTP packet belongs to the
current expected GOV, or tﬂ%%?ﬁ%& Eﬁ%u?(avhave been received before the

current 20 expected GO¢. RTPHIRTCOV nanstrasttoBndibe Cétenveithadrtes the

current expected GOV. Corrgsponds agl Yy RdyRLed B9 ATS SePALA R | - €
Current I nSeqRG Laggi ngRG _and Leadi ngRG FIG 10 shows the classification

of thel8bove three RGs. FIBnffarj&Chiedperati on di agram showing the

processing -17 oper atd onp&ta &, MMPEREER T anspaLY) EAGERE £l ey dohG 12
is an operation diagramlisting thgl&nnl n nine different ocesiﬁs of a

RTP/ RTCP Transport Engine &tknPe§Hsn T cREvHEGTATRTE e¥RothYa Hor nal
transm ssion, a New RG shophritbsillye aaid Spasses fudld oweduleystsoneMudd eRGs,

and finallyalLast RG wher eiﬁp%pfﬂ,%?s%?asggﬁég?f éll]:ge'hg_t he

Current| nSeqRG category, i.€., Ccases | rinstance, if the
Last R&5of a Current| nSegREtyxanesissiorrRIRERTCSRYE RNCpeededivgitmeed i ent

W Il receive aNewRGOM t houty gl OgtBERTRE SLEAERE EngThekefore, 10 it nust
close the current_ GOV with the i nconplete el.ng set and insert the

[ Flag. b
current GOV into &% %ﬁaaLﬂhﬁng%?h?@‘Peﬁ’ﬂfl)beﬁ}&V@nq tREOVESVEST| e t he

New RG packsft .tHaIrddwd nbseradsipesieh vatRebhatha RE¥ /eIy heeneReriRG
packet nust_ be handIIed. The |trgte Cont r ol I{echanlo%m in the current
i nvention BB9PEH vildedOPRES ' wb EALHOT i WY HYRES AhESHAETSEIFEAC ™ Mi th the

scenar 20 t hiate t,hethet vwoetkr Vi Basibon didf) sindier & npaahkeétanmderthene to

poll the c it WO urLhen ] t i ite
ot o act oy SanR A ch BELNER LY TR L2 CEBBhARLS Malted B LI
mat ch t he fanwblred By TRECHeciwdiioh ofedlizas eREEH motiecelepehie®BChn t he

status of tha fa{dnilddioBHdRiedtd ekt fovWhbGheh 88| BGhiSeF Nh$liald Riripcal
i nformati on of Packet Loss te, Packet Transm ssion Deéﬁ?g%ﬂggéég

Ret r ansni s RGP EIUGRAS SYERSEF 1 951 paeies: thie £ L heFi €Yn the
currenksi NuEitr ercdikdrndakach RECBUutéGlies € | e )S treantisip Feirier Harll
storing®Vv d | ect i the Bitr rol | i-.SSui ng

retransm ssﬁr%%Feggggfeye%eb esﬁztgréaﬂ{e?q g%?’tefﬁf’mt glf%gr i1 2 g’?}’qﬁa%%fgﬁﬁ er
(Aient) is(ehiak et B redebe dbs tdnasedddned aisilhaeHeatd pwithgut- 18
being overwritten by new GOV. For request of whole GOV, the
Streaming Server will try to push the designated GOV to the
30 Client as soonaspossibleinmultiple RTP packets. For request
of single RTP packet, the Streaming Server takes out the
corresponding chunk of data from the designated GOV according
to the RTP sequence number. Then the Streaming Server pushes
the corresponding chunk of data to the Client in one RTP packet
35 as soonaspossible. In the case of multiple RTP packets losses
of one GOV, the retransmission requests of those RTP packets
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I/thle definltfon is for the mappi ng of RTP packet Numend Its receiving
status //I1t is for the retranemn sslon searching end | ost packet wntl ng

t ypedef struct RTPPkt NunifoRewSt et ue{ DWORD dwRTPPkt No, // RTP packet's nunber
kn this OOV (the nth RTP packet)BOOL bRTPPkt RecvSt et us;// correspondi ng
receivinp status} RTP_PKT_NUM TO RECV_STATUS,//the definition of

Streem ngCl | ent Dat aBut t er Node structuretypedef struct

St ream ngCweht Dot dBustueet blnéelb:{cRB'}ﬁ'Emﬂam 2 A0t bhep@é@igﬁatbdtGwijm sto

t he GOV dat w(?d u i of the GOV
dat a butter@\%{%\/\%e e%é%t y[ég‘l&yerfu erv Ie)GO\} ‘dat ‘aDWORD

dwPr evl ous GerBhy roeztee:wr/ntttearbbyrmme ofew GRYs mmbeamlng Server will

dwCur r ent ¥ DWERD, R //the
startin S‘CI%&%% ghfergeljna{.r%\/[ﬁl\g;{{ efcfsv?&lﬁ%énr?%%f/%yetl on, %ﬁ% gﬁ% at i oérjlhsol

cur r ent 2GODRISRPAHEE r QR TVhePLigH Y FiesaiviasusushfuEspd Ynukb drardss

cur r ent  OMEWERD ot wblgHE Bisaith, 10,1 dae 1Buber cigd Gir oMYA
dwCur r ent GOVTr ansm sel onSegNu %Ee uni gue sequence n er of CL{_lrrent
oov/ / but fot®tr %m Ratdn bk os@u ffs \5&&&8 obCai r’ré{alﬁa&rﬁ

Str eerrrrpSernvetﬂAﬂRﬁl slaCot 11 EHERTRId ansiSes) hsIEIth:la/nl‘shi:LS s\zi@lruﬂedzﬁefs t@hduiel RTP

| ayer, It | roar S Sl dISd ot _hOOVConpl et ed, [ hf any
RTP packet k?s r%os e%uoe@t EjE% é%%m/l%fg g va ouI EOFSFESgB%? sare

bBI enk @0V, /43 hornad RTP patkeanksCe I@@namsmittleddaltabﬁell besmsgeRdrad ssl on;
I'11f the GQ\,i& t téﬁpg IS 4 e

shoul d be falielﬂr?'%g rﬁggﬁﬁﬁsﬁy g’ E??f%%?‘%m %J'I chll\@lﬁ

nTot el RTPPak \Aie RShbt h%r%ﬁlliliPWﬁ&@l%@Qs fpar thﬁll%eco er’s taklng out.

GOVRTP PKTJ%JMST@hBEﬁyﬁTHMS Hﬁﬁapk(t@qcéh‘%t etuaVapnbLkii §09Qa:55} TdvE an
array whose 5| Ee nTot el RTPPac n1/th|s array (s to I@B‘Bﬁdﬁ%ﬁj t he

st at ue of trh%e &t E?‘F?‘?’&%‘“{*EEG ACSHS St he1ggpFe
nunber 1Bas hmrtmeldied/rievi ghiey fé@oﬁ'fé@mmat F\M:theh:haer@zoriﬁm@uiﬂ ng

nunber has ependi_n t.he nTat al.RTPPac his arra

shoul d be d){;ntg%%:a éécgﬁﬁzﬁhs eé’qr}magT %_ %BA% %U _I{ﬁ%ﬁely

Mor eover, tdrectransnissbosi cegnestffoesthe shaeDaO¥ Gatla Blfcldd (@ i ent).
5 (1) Read%f@tg |8 b teed ghanhacentat i ¢ (J h@é%)%%egf&%t&%&a%%q%for
readi ng one romthe Data Link B I ent |)l Insert OV_( ) 10
This is thdafEetfaeenghaests é@ﬁ@@ecretferatnfénwmomﬂr afopsHMeEidiehe

C i ent 200r nésestk NG RMEL aem é{srﬁgglved AV. (3) InsertBlank@GOV () This is
the interface th?ﬁ%ﬁjﬁ exposed to t 15 RTEIERTCP Transpqrt. Engi ne Qd ent ,

for inserting a ﬁ&?rﬁglss t o PR et he daytend
| nser t GOVRTPFRPkeket). TIPm RTPPadket i ehlfcaceesdat 1mee:>tﬁmeﬂs textidneledl 9

RTP/RTCPTr L Isnsekt i o] t hat
bel ongs to a ce m%%)% Id%t& ?x}}al ’raf%? E%gﬂgﬁepgu@f |nven |on%§jhere
are three biepacketipedhs GOV, Tahtec n expila iGsrpildt she(A Kederin et hose
GOVs whase ﬂ@?t?er?&’&&eﬁ'PP Cﬁ‘&c]@@tre&ﬁic\!ﬁdlgySBB@nREBigwcp Transport Engine

Client in-sequence, Iy, correctly and 1n 10 tinme; therefore, it can be
reconstructed by the RTP/ RTCP Transport Engine Cient successfully.
Conpl ete GOV is drdisrd |y. imseIdedinntige t beedadadLlrok Batkee.(Cient) as a

Compl ete ( noae tnrough the rntertace .
Fiel Size | Function
(bit)

V=2 2 As in RFC1889
P 1 As in RFC1889
X 1 As in RFC1889
ccC 4 As in RFC1889
M 1 As in RFC1889
PT 7 As in RFC1889
Seqg Num 8 As in RFC1889
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FIG.7 is a diagram showing the structure of the User

Application RTCP Packet.

RTCP

is

used to send the

retransmissionrequests for the lost RTP packets. Table 2 shows
all the fields in the User Application RTCP packet as follows.

Table 2. The Fields in The User Application RTCP Packet.

Size Function

(bit)

Field
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out~of-sequence, the R'I‘P/R’I‘CP Transport Engine has to handle

the proceeding problems. There are three types of RG (RTP GOV) ,

i.e.,

New RG, Middle RG, and Last RG, whereas New RG is the

first fragment of the GOV, Last RG is the last fragment of

15

the GOV, and the rest RGs are Middle RGs. FIG. 9 is a diagram

showing the structure of a complete GOV with RG (RTP GOV).
There are three cases for a RTP packet arriving at the Client,

i.e., the RTP packet belongs to the current expected GOV, or

the GOV that should have been received before the current

20

current expected GOV. Correspondingly,

we have three

expected GOV, or the GOV that should be received after the

RG

definitions, i.e., CurrentInSeqRG, LaggingRG, and LeadingRG.

FIG. 10 shows the classification of the above three RGs.
FIG. 11 is an operation diagram showing the processing
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retransmtted in tinme, the buffer level will go back -23 to M ddl eval ue .
But if not, and nore packet |osses occur, the buffer level wll
continuously drop because there is no new GOV coming in tine to fill up the
vacanci es after the Decoder takes out GOvs. If it reaches the 5 Lowerbound,
we conclude that the current (past) network bandw dth cannot support the
current data bitrate. W feed back the decision to the Encoder and nove the

Deci si on WIRRN efRihefr @ RBY /BRICE RE2PRROE ir FRAINE Wt BBLndF 5S- the 1S
next -t o- be JM ddbeyal ug Bngh5ah 1189148 dHiemQeX it Ber EPPeh Pyt it s

Lower bound wi t thepgqedefl nedSt eps(Di st ances) conpar edt ot he "next -t o- be
M ddl eval uef 15 RIR/ %é&nwmtom:«m §diqrie unnte MRAGMEE & RRR ment

will continyedecayse hBrHa“iet§55§ﬁHEngﬁysé%wtﬁ@ S B LA abce

re-filledwthout 15 pausing or stoppling t ecodi ng process, It
unavoi dabl ef i1t f@hbouedm et bddse RGgstanset paas o adra st Bﬁp@dlanem,der to

re-fill th gﬁ; r-goynd t is no
Conpl ete C%\}qun v&; e%%é%ylﬁ\r%%ﬁ Il:—lg'r t?%cﬁﬁggls%g%’lpﬁeqo& fcer éﬁmygl on 20
level s willibe r esaestes of e |4m andl 7vaFoesinstenedy ihecheffast RGtofbe
refllledtot I J t backcnbersu d. The
mai n process o?ggfl? qégln ga#?beﬁg?ﬁ%?gpgjr&rlpﬁr& Engb%?&e/'\L/ eg% (D)
Col | ect theviQir renelﬁemﬁmhgvﬁﬁhdaltaybmmg‘the durddrec 60Vt ahexr@or@npar e
the Cu ent, Rermai ni bac t e current. Decision.Sl.iding

W ndowt0 3y MRS B LPEFoReS S CE s FEus Epo PR cHIATRLEER SR GG ate,
then send tdwet méiagerﬂ:a:}iéleufnéﬁdeov iatjaishe Dh&am&mJGBﬂﬂfSi:I(d]]ﬂganW)ndow

d t the. Poll t t at d check
et hor L nCBTAY rif SEPS §d HARALS (e NEMAC PAFREE L BETRRGHY 41 fer 15

triggered, @ﬁiafabbb%atﬁ @)G@V@m@oﬂlés RG1eARd PJeRIRSt mhgtﬁsé lhiaf@llddrer, S
(7) If PoI ling succeeds, change the encoding bltrate %?Repeat from step

(1). FIG.17 is & %Fgﬁht?n%‘aP%OI%EW% 19i the § ABVETEHNY

Deci si @5. L% RHi&ilded Sidtb | thEStizald y6rdiedgr am éhOWﬂ}QetBﬁebQ:sd Cdeal
definitions of the Bitrate Control mechanism FIG 19 is an il]ustrative

di agram shd¥i By the feremprpoaydek sBen®gvorkt B i BaBfwichie) of S

mechani sm fé&%gs'l%@rhﬂé|éh§8f:ﬁféf/%rfﬂ %%Pﬁ%@%&?%e@ﬁé VME#;‘work
deterioration scenario of the 15 Bitrate Control mechanism, FIG 21 is an

i |l ustrati VR di ¥heam sHei ngumremecodéreampper SatdRputl Ssce®att& of the
Bitrate Conddp} s#Bat$Bo that the data bitrate could be possibly

20 increased to match the network BW. The decision of
Bitrate Control is dependent on the status of the Data
Link Buffer (Client), which reflects the statistical
information of Packet Loss Rate, Packet Transmission
Delay, Packet Retransmission Rate, and Successful

25 Packet Retransmission Rate.

In the current invention, the Data Link Buffer
(Client) isresponsible for storing GOV data, collecting
the Bitrate Control Information, and issuing
retransmission request. The basic attribute of the Data

30 Link Buffer (Client) is a link of GOV nodes, which is

defined as the following.
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In the current invention, the Pollingprocess is designed to verify the
availability of the next data bitrate stage. 20 If the perfornmance of the
current network streaming is quite satisfactory and it has been | asted for
a certain period, the network BWis nmuch probably higher than the current
data bitrate . The network bandw dth polling is triggered by the Polling
Timer . Since during the PoI | ng procedure the normal streamng is 25 kept
on, the Polling affddmsit ammnww'wms‘hare t he sane bandwi dth .

8 for the re nsm sslon searchlng and Iost

Ther efore, The PO{yd:;deﬂQ DPFdiato @obdSet as the difference between the next
data bitrate stage andeHerEiiben:, dat JTEEEAVE "THE@'POMTHES handi cd by
t he BitrateAdapt errré_eiTiNnento rReangiaiuhie Bitrat eAdapter (Server), 30 whereas the
Bi t r at eAdapt er ( Sgie MRkioh of R RAnIRERRACHKELS t 0 the BitrateAdapter (Cient)
according to the PgPEigyeapiofioBrgutenofel t he Po | ing affects the current

st reani ng perfor rranceo%%owné%@mdeet | 0SS rarjﬁ'r}agye?n i é:ﬁ%&x Jd mebr'gxceeds a

threshol d, the networ R.EVaadiitimsmpport t hihe gﬁma;‘qg‘g&a“?ﬂvf"’rﬂate stage . 35

O herwi se, the encodi ngomldtv‘rumt@vwan be i ncreasegupnbdye - 25 next hi gher
eront@OVPTS starting PTS of current GOY.

stage. Moreover, if tBRomdiibacibd the Pofuk il o Agai n, the Polling
process will be condug{Ef pewedbidtsy unti| tfye raR erern | r°'n§°"b| trate is
reached. 5 The princi p&@DCHECugﬂédcﬁtrd‘@rsslorSeqﬂuhat %ﬁﬁfﬂﬁém @dreer didu@addOV Pl ayback
Tinme has been in a certain Sliding Wndow f 8" &" {5817 TP ety eHEBYPT Treegreseyy
., 3 0 seconds ) , tlgeprq;gfh\:/ré I@heastdr //b-elalplr;sfmgsfyekdertnqfogﬁngzewkmomh@tnh@rﬁ@t he
network can support higher Brfes | f bef or{ré"iamfsé,ﬁ.héﬁs TRYYi mer is 10

triggered, the SlidingW r‘gﬁp’rﬂﬁﬁnipgmaﬁdn] ust ed, C‘E ':r"gtécoo:’nmr'1"r“rrrgmbmm s houl d be
reset inmmediately. FIG IS a time seq Ueneeva how ng t t he pol I'i ng
process. There is anotnher Rj sﬁisz,pol I i ng /) ,,,;1,?,)5?cr $§at,°r;,|,,srggvt he initial
stream ng bitrate. Thrmsﬁ P aTgo Jar 1=\m15s negoti ation

bet weent heBi t r at eAdapt er (Tﬁ' et a‘ncﬂuﬁe 110 dorkiadd ok Leﬂaus(.ﬁ&,rarmera)kemum The

polling will start at the middle |evel i QVFQE m'jtw’,rmog;" “{q ‘;‘:]f,ra&gehrecL, b t he
polling is failed, then the next | ower # lod oA TPGack (wBrGEeonhApinking E0eds booTBit | C al Idy

chosen for the next polling. On the ot H&P™O" FARET ™ 1" A& By Aghrimgy sdue
successful , the neREAMIGRENTDABYFERRMORE age Wi | | be automatically chosen for
t he next poI | ing. These procedures will repeat until a bitrate stage is

found whereby the polling on itself is successful but the polling on t he
next higher bitrdRF2EVET i ttheTEaRrFEdLORH ?%%Fa%%tﬁrafg%c?ﬁehnr Eh&et as

the initialpstpeaniig ﬁhtfl’@le Eh@er?@) i s a diagram show ng the
aut o- negoti ati on proce ure. % is clained is: 1. An MPEG 4 Live

Uni cast Vi deo Stream ng(byst%%ﬂiﬁrows)e in wireless network including an

end-to-end congestion Sneonty ol wechapbsmdddl 162 AVtompbLed by aae
dynam cal |y adjust the data-bitrate/transm ssion-bitrate according to the

avai | abl e network bandieierdesherer nreap)ing Rane Afipt f vemVIEET 4PSERp| e
Profile Encoder a. GCenefgfgs ghiyer MPEGHA Qipphe Profile live video 10 data,

b. Pushes live video data to the Stream ng Server by HTTP/ TPC t hr ough LAN,
(2) InsertGOV ()

10 This is the interface that is exposed to the
RTP/RTCP Transport Engine Client for
inserting one newly received GOV.

(3) InsertBlankGOV ()
This is the interface that is exposed to the

15 RTP/RTCP Transport Engine Client for
inserting a blank GOV that has no data into
the buffer.

(4) InsertGOVRTPPacket ()

This is the interface that is exposed to the

-19-



c. Adjust the encoding bitrate in accordance with the requirement fromthe
Streami ng Server, and 15 (2) A Stream ng Server a . Has a Data Receiver
nodul e to receive live MPEG 4 video data by HITP/ TCP fromthe Rate Adaptive
MPEG 4 Sinple Profile Encoder through LAN, b. Has a RTSP Server nodule to
handl e the stream ng 20 session, c. Has a RTP/RTCP Transport Engi ne Server

nodul e to segnenti ze t%%g% da&.gag{%&@fﬁba ng)\/,CP@%%ecti zgogagh Qv

as the payl oad of RTP pac S, and p ose / UDP packets to th
Client 25 through wireligssenéting k cazeorBTRg pe ket bi pestload ealzadtCOy,

whereas RTCP is inple r.t S i r a ] SS] f and
reply, d. Has aBitrat g%ggafg)&é%%( ed;\%;r?g%&}q’é ?%{’i %pﬂge%e{r:lggt r]%ﬁg%f%%éte
Adapt ati on protocol tbnd dletraeerkt 3DnBamndvi oih h Phledbdengapeotboadd doasliow t he
Stream pg Server t% géchﬁeed bitrate control tasks with the Cient, whereas
t he bitrat e CoRtr 8l &i §1'§%°t8 'be forwarded to the Rate Adaptive MPEG 4
Sinple Profile Encoder,(13) 5 GompHezea dlva Link Buf f er ( Server ) to

store the MPEG 4 GOV data, -27 A Cientl, Has te Adaptive MPEG 4
Sinple Profil eDecoder 4 HBESAES &??Or%%g?évgﬁ BEES BECKMYS refAfer the
pictures, 52 . Has a RT3 ddaitvaady e He Rendkeckher ahisgat gsegshen, 3.

Has a RTP/ RTCP Transport Engine dient torecg{lée the RTP/ UDP packets from

the StreaningServer thCOuhBMFi B ESIURRGBr ki Vddpac kOt 2RE6tL e8Pyt Bad of

RTP pagkets to GOV, anddeseygnenbhres dFKd/s 10 MEGDL védea streagedheieas
RTCP is inplenmented for transporti ngretransm ssion request and reply,f

HasaBi trat eAdapt er (O itdh®) RIRARTES i ¥ BREMCISE he EBG¥APe Adab®afi on
protocol and NetV\DrkBa@iW:éEQs@QHi‘l{”'g PEetReUd £ &0 @blowitkhe sGli&dt 19

proceed bitrate control tasks with theStream ng Server, whereas the bitrate
control decision is to BO3$erkeddéa ttwp thife Dttadm g BcEfear (£1eRt)

Cata. Link Buffer (Cli el of@odtor e SAEHATUNELgH SraMptidi tgeecol | ect

thebitrate control information, and forward thei n?ormatl on to the Bitrate
Adapt et5(C i ent) 25nodulest Pns@hé GOAL &) Li BheBgfinero § Stuyert) dwrofisalin a

Stream ng Server accordi l,al 4, , rein, e . S file
vi deo stream data 30 igh'g%o(?gg%lra]ég% %%n%%ft%%%ﬂ%ﬁg@e afég
i nformation such as GOM @l ieattd,, GOvVidbr &tevon, nGBVbsier, reed, kndthmer ei n,

interfaces such as ins i &V, . readi ut d %}Bg a GOV
are exposed for other (r?rjoédéu?gg?'andl%S el:i%(% Fge??eﬁ%pgeasig’fad readi ng
is slower than the speedlagb&¥ iTsmeti ng, overwiting the old unread GOV
is -28 all onwed with r&s%nc%&ogi zg.ti on 8%) the Read and Wite pointers by
resett?ﬂg the buffer st s Aha 8P ﬁpﬁ‘:ﬁg Ne rest unread GOvs. 5 3. The
RTP/ RTCP Transport Engiref&egven ftorosiseGOnsawiiosamkng Sackasrt aiceoedi ng to
claim1l, wherein, each GOV is segnentiz an acketi,zed_ into RTLJ;’ acket s,
and then one RTP packetr‘?%ebé@gg aaﬁti‘ﬁgq@’aﬁ?’ﬁgd%& Bhe Eﬁﬁ?)‘fctke ogﬁd i's
pushed to the dient tkyouybnidetnhhehtisss 10nneiedal . actioe dRIP AROTCRe dat a
bitrate, and . .
Transport EngineClient canonly reconstruct
25 a GOV with some data being absent and insert
the Incomplete GOV into the Data Link Buffer
(Client) through the interface of
InsertGOV (). The systemwill try to recover
the absent data of the Incomplete GOV later
30 by retransmitting those lost RTP packets if
possible (as longastheoriginal GOVisstill
in the Data Link Buffer (Server)). If
retransmission is successful and the absent

data is recovered through the interface of

-20-



wherein, any possible retransm ssion request is received fromthe Cient

t hrough UDP connection, which |oads the RTCP packet contain the request

i nformation, and wherein, upon receiving the retransni ssion request, the 15
required GOV is to be searched around the Data Link Buffer (Server) , and
if it is found, the required data or the whole GOV is to be retransmtted
to the dient using RTR t ssifl erw se, negative
acknow edgenent of Forb?lg%%r%%@\?gﬁg%%}s?%#?ﬁé ge(t;"[engé??r]#eggt% hles’gCIient
20 through RTCP channelredolVlexr Bittateodgdpites GSEraad) iftty diseaicd cn
Stream ng Server according.t.o claiml, wherein, bitrate trol infqrmation
is received 25 fromthewbgiléﬁ? ,adgcif%é6%%%%5{%9‘58151Jirhbngsgﬁpoé:g‘a&l?& th the
cooperation of the Cientmeaith witeenextbi tadicaldeeisnan is forwarded to a
Rat e Adaptive MPEG 4 Sic{w?Le _rLof' | e (gncoderthrough TCP connection. 30 5.
The Dat& Link Buffer (Ci nt§> 78 ina dient according to claim1,

wherein, the MPEG 4 Si npéeelrsofdd elvd deocsvLarmdlgabarry gadledtisnaase a |ink
of GOVs with the related information, such as, GOV bitrate, GOV duration, GOV
size, etc, and 35 wher &It iTREFEYES Buch ‘égoisﬁ‘seﬁf’ilﬁd"’é BV, GPNd&ting a

Bl ank GOV, inserting data(gkean dewoipket 8yCVe rell) RECRUITr£fspod BV,
and searching a GOV are exposed for other nodul es, and wherein, 1If the

speed of GOV readi ng i ERF6RS- ETRaRTARE SRe&E R v segerniaryofokdamiting

the ol dounread GOV is aliewed oM EBVLSYRE R OB/ Zald OB Qi d BE ReBA ARG Wite
pointers 5 by resetting the buffer status and dropping the rest Unread

GOVs, and wherein, |ncdhplend @AL]lscredate ed BAanketFQWspinsti bnseaduest i s

sent to a RTP/ RTCP Tra I j i ent.; i~ [ efr: ) t can
be inserted in by the ks é%cgp@?*oé"%‘?#sﬁghk %ﬁgifnefer et %gﬁng

| nconpl ete GOV i s recovidreding ey Coapd &t BNV, tBihaniié ki h; BuBlemk buffer
status is collected an BLtr tnef_ i ). rdi to the
Bitrate Adaptation pr o%@g{ge%gdgs %tﬁefﬁpfg?%&%ﬁ a%l p(g%{l):é?fg?%él %ent for
use i nla Streani ng Serveinkczoddi agréoovieaiad hy whet eansrRTPe pagkehs are
recei ved by UDP connect| hr . Wi_r-el etwor k d dese ntized
and 20 depacketi zed intv%ﬁ)%, O%%gl grleic'%?@uggne,\%éc %’% I%Iéggora%aggget

out - of - sequence, InconpeigiGal GOBLankt DY ia thheard ed DT inkheubDéea Li nk

Buffer (Client), vvherei{$ ané&g SSi }Cle retr%nsm' ssion request is 2%5
recei ved fromthe Data LTRkVBIFfer 105Nt FESTHETHER 1€ POSETERA Y0 t he
RTP/ RTCP Transport Engiared Sste ertbsanaudgatbdDPscoanedtdand st ctighoate t he

RTCP packet contain the request information, a in pon receiving .
t he re?ﬁansm’ tted dat a,“i“ﬁgr%@%epec?%i e(tjrn(ﬁf?ggtvg&ggef%‘égle&h@d' ar Bg‘ﬁ’d t he
Data Link Buffer (CierB)lankagdv fid trésofesll tdhecompiatsencdedadd a or

the whole GOV is to be ijnserted to its Siti Ln the Link, and wherein,
i f Forbi dden- Ret r ansni st WB&C‘K%E‘R%@“ raéi(c)‘g‘?‘béd?t? frdie Remaining

For bi dden- Ret r ansmi ssi @dvaglal,/daek spegef badtde @kt nciheudad@ibhnk

Buffer (Client) is to be set to forhid _ ,
In the current i1invention, the collecting of

25 Bitrate Control information is triggered when the
Decoder is taking a GOV out of the Data Link Buffer
(Client) whereas the checking of retransmission tryouts
is triggered when the RTP/RTCP Transport Engine Client
is inserting a GOV into the Data Link Buffer (Client).

30 FIG. 13 is a flowchart showing the process of GOV
insertion in the Data Link Buffer (Client), whereas FIG. 14
is a flowchart showing the process of GOV reading in the Data
LinkBuffer (Client).FIG. 15isa time sequence diagramshowing

the Bitrate Control message flows in the current invention,
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further retransm ssion request, and -30 7. The Bitrate Adapter (dient)
for use in a Cdient according to claiml1, wherein, bitrate control
information is received 5 fromthe Data Link Buffer (Client) , and bitrate
decision is made and forwarded to a Bitrate Adapter (Server) in a Stream ng
Server through TCP connection, and wherein, according to the Network

Bandwi dth Raldsdge PE9EOC ROl nops ogessLARE! SR aREN g 2t e 10

Adapter (Server n a Strean ng Server an auto-ne ion on
the initi alRetragsnigsbin roneesbeewebowa Bor ehai agrBenteninaetitaod.i ent i s

by st ng the Netviarke 12 tot Bh R F AR e BERke S FaRt A U i T Ve
extengedRTlﬂmcﬂcell _themIsJ:rca‘fpmmmwl IPéCEQI_IG_I% 'li'.rsanflrp@t rtotagdi g@n&inehg i

i t m3, .and.in a an r ngi i ent agcordin
RoCol i 6 G0 BBV B MAhE Sy hel BRae bid nd N hERY OF TRpabRer Agnt | on
and desegnmtt]aéirom:r&is Trneowsebn@om:ipattna BeGd e rupliane Hpekusalyn a

RTP/ RTCP Trans i ne Server r di to claim3, and 25 in a RTP/ RTCP
Tr anspor t I%?f’b‘? E"enﬁF SBESR 1P Ut erg @st\ﬁ’ér U taaaS IFE 1A%l ds

are defi nedariprné@traasmﬁﬁgoaatw Amdieg EYmpade: st@oot ure ddtipsed n a
Dat a Li nk Buffer Serve accordi n tocl ai 2, andi nabDat aLi nkBuf f er

(dient) ac,q,Q)Ydl% t O it &Y Oﬁﬁée@\/qcévsrbr% i §oBHee etV ¥node

with soue red@bedridy octm;t)l ofs %%r;&laemrsgr asAbetiife ”@@ﬁﬁ“dvﬁ@hf or use
in a Data Li nk Buffer (Cient) according to claim5, in a RTP/RTCP

Transport -l CuEﬁ@WGh%rﬁoﬁééoRémﬁg-nglcé@% Blaykegh Bimep/ ’RiF@P
Transport Engige Seredr achehdittr{RgC! @idAne 12 wmecll}letﬂ@ftkuﬁgee at Cl .

Poll'ing protocol for use in 5 a Bltrate Adapt er (Server) accor
4 and a Bithea tiAgsptiehe( Warhhleacdorraget ¢ ot brmlz. J;LS aTr$eerﬁ1Lngte

Adapt at i on o1 0886 oh ok dienl s Palt kknKi BUL! ctnEQbUnaRe dtag 1o

claim5b5, a Bitrate A
15 Mlddlevalue, and the Lowerbound buffer levels are

defined, which are measured by the playback time in the
buffer. Those buffer levels construct the Decision
Sliding Window, in which the initial playback
time/current playback time is set to be theMiddlevalue.
20 When the Total Remaining GOV Playback Time falls in
between the Upperbound and the Lowerbound, the network
bandwidth is said to be acceptable, i.e., good enough
to support the current streaming bitrate. There is no
necessary to adjust the encoding bitrate for such case.
25 1If the Total Remaining GOV Playback Time is in the region
of (Upperbound, Middlevalue], it means that sometimes
in the buffer, the GOV leaving rate (caused by Encoder
taking data) is slower than theGOVarriving rate (caused

by network data arriving in), in other words, the

30 Decoder’s decodingrate is slower than the data bitrate.

If the Total Remaining GOV Playback Time is equal or

over the Upperbound, it means that the Decoder’s decoding

rate is too slow. In order to prevent the Decoder from
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-10 (Server) according to claim4 and a Bitrate Adapter (Cient) according
to claim7. 14. The Bitrate Decision Rule with inplenentation of the
Decision Sliding Wndow for use in a Bitrate Adaptation 15 Protocol
according to claim13. -32 .Ae. AN A@ .A; .AN Aa .AN .Aa3y. A N y.AN Au. A ;
A A LA Y. Aue. ANs. Ay. A, N3. A u. A@. AN. AN. Au. A. Aas. AN. AN. A (. AN

Aay A, a3WKt "k

YS} xsni d_7] %XFE&]O(%C]‘ca]"@a]hcaa‘]%a]:ea]d&ﬂrc%?é% é%l'}%a?ﬁ&]o(q_ea’] Sa) Af €§P6‘eﬁ ca] ca]
|
/cg]]gg] iglnf?!’%a' c‘%?%:g?%g?]cai ca %]Eca]s%t?%é] ca(] ca?cal]hcat] ca] caﬁ ca ca] ca] cajc

a] ca] ca] ca] ’ch]:oal]g}a@ua]msjaa]ida]mbcfatﬁalth 1467 EE4Y/ D AFLYERXSatdoZlkcal ca) ¢

a] ca] ca] ca] %‘@&’] &]Dca] ga] c:a_]ecac] gﬁ\kca]hcaxlga] c%] q‘ta]eca]‘(():g\]él(ia]Rcear]1 ]ﬁ%]gca] caJc

a] ca] ca] ca] ca
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caj ca] caj ca]] ]ﬁc cal]aa cal cal
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] ca] ca] ca] cad eahealkak sabeal cal eabealLA) ca £l £Alah & 2hddlFabsal cal ca

| TetransSmrssion
? Ca] ?;a]Qi%d Ehalzba@emﬂmi%ema]@as Rirdb gllea) sdlechpra g earcal tafeapsa] cal ca

?2B2u?v?/
| cal cal cal cehagl opbeplcpbedl eahoaloaletland alcelsal eat ol calsat a6 7V @

F= FKFerum@wmsw ced bherchbFea e o] Eajamenalpaakidaloss or long
] cathaal e nanl ool 6\ sall ot sekoableal sahe salsal sakerk aleal caek
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W] ca] gal Caﬂ&@EB%%?A8@111%?&1‘}%%311_8%J&PJ&%]&@k%&?%ﬁ?hctaﬂas%]tclaelﬁé]:ﬁa] ca] cal
ca] ca] ca! ccdd, dddgghPhhhhhhhhhhi rii nBn%o\ odoVps b] X] ca] ] ca] ca
] ca] ca] ca] c*al]lea%a]réﬂetéz]qmq%@}d&%@%ﬁé@]%}ﬂcﬂd}@]@a@@m éaveiUf £Qfca] cal ¢
a] ca] ca] ca]nc‘;a1 ﬁlﬁ
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suvt)xont d 714 galsal.sabealanl caloal seleal oaled RS P petp

a]J ca] ca] cal]ca
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, S"109& 0%k s10%6% FMLOY%6E: F

10%& ()(lfl,rglg(gpfl ()vb“ta n ? pﬁ)ayk?.ci t%n)f qg&]t%éegb&%fer level is

, 9" 10%6C' {9t : &k t&d@%@&l@b\ralué 108V { g kek- Lo 108BpEnk the

WI [M [ 9 10% 10
buffer level will drop to (Middlevalue — 1) after the
Decoder takes one GOV from the buffer as the expected
GOV cannot arrive on time. If the lost packet can be

retransmitted in time, the buffer level will go back
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10 10 13;10% & ()-!x",9"109& ()-:!!~",9"109& ()-:!!~",9"10%& ()-:! o

YWU3M " #10% / & ()-T2! " #10% /j/ & ()-T2! R #10% /}/ & ()-T2! " #10%/ x/ & () - T2!

“#10%/ s/ & ()-T21 #10% /& ()-T2Yrd z[PE ! 10/ 10/ 10/3;

10% & ()-!x #10%s/s/ & ()-T2ly #10% / /& ()-T2! C #10%/ x/ & () - T2  #10%& () - T2
JCZX6PE: | 1t @10%148&' ()-s!t @10%14& ()-s, & 10%&' ()-!} @#10%QW ()-' @ @

#1m%m&fO'té&ﬁ%ﬁ@é&%@d@%%%@&f%%%?andmorepacketlossesoccur,
the buffer level will continuously drop because there
is no new GOV coming in time to fill up the vacancies
after the Decoder takes out GOVs. If it reaches the

5 Lowerbound, we conclude that the current (past) network
bandwidth cannot support the current data bitrate. We
feed back the decision to the Encoder and move the
Decision Window downwards by setting the current
Lowerbound as the next-to-be Middlevalue and setting

10 the next-to-be Upperbound and Lowerbound with the
predefined Steps (Distances) compared to thenext-to-be
Middlevalue. If the situation becomes worse, the same
downward adjustment will continue. Because in live
streaming system, thebuffer cannotbere-filledwithout
15 pausing or stopping the decoding process, it is
unavoidable that the decoding process must be paused
or stopped in order to re-fill the buffer when the 0
Lowerbound is reached, i.e., there is no Complete GOV
inthebuffer anymore. For suchcase, thebuffer decision
20 levels will be reset to the initial values, whereby the
buffermust bere-filled to theinitial Middlevalue then

the playback can be resumed.

The main process of Bitrate Control can be simply
described as below:
25 (1) Collect the Current Remaining GOV Playback
Time in the buffer,
(2) Compare the Current Remaining GOV Playback
Time to the current Decision Sliding Window,
(3) Make decision,
30 (4) If need to change the encoding bitrate, then
send the message to the Encoder, adjust the
Decision Sliding Window, and reset the
Polling timer; otherwise remember the
current state and check whether the Polling
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10% & ()-10% & (3 -° Lo _e‘fﬁgigr%n'fo‘ﬁl/é% BFR - Mow /& ()-1n

10% /& ()--.V../ JTIGa2KDesla dbayranghoyifo thg prb&ess-of NoMiaoBitand & () - L
10% & ()-!,GSA0%1 8h&d+ & HQ001] 11720D9! I 10" *10% & ()-!' #10% /& ()- @ &

10% & ().- $10% & é%-f#lo% & ()-1_#10% /& ()-T11022: 3x33}~?20D9! ! 10, |

7"109% &9() -2y 1004% ¥§-19yaAoshiupRrafive, giagypm showing \the basic

10% & () - @GO R £ oS 338 3 H r ] PIr& €9t Pt i(9m T BIPA K {9 -arl 0/ 10/

1004 & () - o R () - 1 0 -
10/3; 10% & 1(3Elt§sltgr/gt§‘i\(rg dﬁ%%%@magﬁgx%?%g' tl':ch(e) n%%ﬁda&[ gla{?back scenario of

the Bitrate Control mechanism. FIG.20 is an illustrative
diagram showing the network deterioration scenario of the
15 Bitrate Control mechanism. FIG.21 is an illustrative diagram
showing the Decoder'’s poor throughput scenario of the Bitrate

Control mechanism.
Inthecurrent invention, thePollingprocess isdesigned

to verify the availability of the next data bitrate stage.
20 If the performance of the current network streaming is quite
satisfactory and it has been lasted for a certain period, the
network BWismuchprobably higher than thecurrent databitrate.
The networkbandwidthpollingis triggeredby the Polling Timer.
Since during the Polling procedure the normal streaming is
25 kept on, the Polling and the current streaming will share
the same bandwidth. Therefore, The Polling bitrate is set
as the difference between the next data bitrate stage and the
current data bitrate. The Polling is handled by the
BitrateAdapter (Client) and the BitrateAdapter (Server),
30 whereas the BitrateAdapter (Server) pushes RTP packets to the
BitrateAdapter (Client) according to the Polling bitrate. If
the Polling affects the current streaming performance
or the packet lossrateof thePollingexceedsathreshold,
thenetwork BW cannot support thenext databitrate stage.

35 Otherwise, the encoding bitrate can be increased to the
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10%; () - CATREIIEESYIBECH 17814 0% & b ohSE H0URL L) 1098 (irlg (L68ow

£ Ot (JIORE et H0I0L0L 055 P oA 0o 1 i
*109%&' () - FIHGEGEGHE} [;ﬁ:‘cbd:e&&%c’& {0 - Mlel:@é’/@ﬁxfeﬁheM ﬂl@é’ﬁ&@t&dﬁkl\/&&&/ 10/

10/ 3y; S10% &Iégortzl]'i Ing) Eﬁ;%(e HHE EDJ]C.[;II'IG t e Polllng Timer is
10 triggered, the Sliding Window is adjusted, then the
Polling Timer should be reset immediately. FIG. 22 is

a time sequence diagram showing the polling process.
There is another kind of polling for auto-setting

the initial streaming bitrate. This is also done by the

15 negotiationbetween the BitrateAdapter (Client) andthe
BitrateAdapter (Server). The polling will start at the
middle level in the bitrate stage list. If the polling

is failed, then the next lower bitrate stage will be
automatically chosen for the next polling. On the other

20 hand, if the polling is successful, the next higher
bitrate stage will be automatically chosen for the next
polling. These procedures will repeat until a bitrate
stage is found whereby the polling on itself is
successful but the polling on the next higher bitrate

25 of it is failed. This bitrate stage then is set as the
initial streaming bitrate. FIG. 23 is a diagram showing

the auto-negotiation procedure.
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C. Adjust the encoding bitrate in accordance with

the requirement from the Streaming Server, and
15 (2) A Streaming Server

a. Has a Data Receiver module to receive live MPEG-4
video data by HTTP/TCP from the Rate Adaptive
MPEG-4 Simple Profile Encoder through LAN,

b. Has a RTSP Server module to handle the streaming

20 session,

c. Has a RTP/RTCP Transport Engine Server module
to segmentize the MPEG-4 data on the base of GOV,
packetize each GOV as the payload of RTP packets,
and pushes those RTP/UDP packets to the Client

25 throughwirelessnetwork according to thebitrate
of each GOV, whereas RTCP is implemented for
transporting retransmission request and reply,

d. HasaBitrateAdapter (Server) module toimplement
the Bitrate Adaptation protocol and Network

30 Bandwidth Pollingprotocol toallowthe Streaming
Server to proceed bitrate control tasks with the
Client, whereas the bitrate control decision is
tobe forwarded to the Rate Adaptive MPEG-4 Simple
Profile Encoder,

35 e. HasaDatalinkBuffer (Server) tostore the MPEG-4
GOV data,
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(3) A Client

l. Has a Rate Adaptive MPEG-4 Simple Profile
Decoder to decode the received MPEG-4 GOV data
and render the pictures,

5 2. Has a RTSP Client module to handle the streaming
session,

3. Has a RTP/RTCP Transport Engine Client to
receive the RTP/UDP packets from the Streaming
Server through wireless network, depacketize

10 the paylocad of RTP packets to GOV, and
desegmentize GOVs to MPEG-4 wvideo stream,
whereas RTCP is implemented for transporting
retransmission request and reply,

f. HasaBitrateAdapter (Client) module to implement

15 the Bitrate Adaptation protocol and Network

Bandwidth Polling protocol to allow the Client
to proceed bitrate control tasks with the
Streaming Server, whereas the bitrate control
decision is to be forwarded to the Streaming

20 Server,

4. Has a Data.Link Buffer (Client) to store GOV
data, monitor its own status, collect the
bitrate control information, and forward the
information to the Bitrate Adapter (Client)

25 module.

2. The Data Link Buffer (Server) for use in a Streaming
Server according to claiml,
wherein, the MPEG-4 Simple Profile video stream data
30 is stored in as a link of GOVs with the related information
such as GOV bitrate, GOV duration, GOV size, etc, and
wherein, interfaces such as inserting a GOV, reading
out a GOV, and searching a GOV are exposed for other modules,
and
35 wherein, if the speed of GOV reading is slower than the
speed of GOV inserting, overwriting the old unread GOV is
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allowed with resynchronization of the Read and Write pointers
by resetting the buffer status and dropping the rest unread
GOVs.

5 3. The RTP/RTCP Transport Engine Server for use in a
Streaming Server according to claim 1,
wherein, each GOV is segmentized and packetized into
RTP packets, and then one RTP packet is packed as the payload
of oneUDPpacket andispushedtotheClient throughthewireless
10 network according to the data bitrate, and
wherein, any possible retransmission request is
received from the Client through UDP connection, which loads
the RTCP packet contain the request information, and
wherein, upon receiving the retransmission request, the
15 required GOV is to be searched around the Data Link Buffer
(Server), and if it is found, the required data or the whole
GOV is to be retransmitted to the Client using RTP packets
as soon as possible, otherwise, a negative acknowledgement
of Forbidden-Retransmission is to be returned to the Client
20 through RTCP channel.

4. The Bitrate Adapter (Server) for use in a
Streaming Server according to claim 1,
wherein, bitrate control information is received
25 fromtheClient, and bandwidthpolling is proceededwith
the cooperation of the Client, and
wherein, bitrate decision is forwarded to a Rate
Adaptive MPEG-4 Simple Profile Encoder through TCP connection.

30 5. The Data Link Buffer (Client) for use in a Client
according to claim 1,
wherein, the MPEG-4 Simple Profile video stream data
is stored in as a link of GOVs with the related information
such as GOV bitrate, GOV duration, GOV size, etc, and
35 wherein, interfaces such as inserting a GOV, inserting

a Blank GOV, inserting data of an incomplete GOV, reading out
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wherein, an auto-negotiation on the initial
streaming bitrate between a Streaming Server and a
Client is initiated to work with a Bitrate Adapter
(Server) in the Streaming Server by using the Network

15 Bandwidth Polling protocol.

8. The extended RTP packet structure foruse ina RTP/RTCP

Transport Engine Server according toclaim3, and in a RTP/RTCP
Transport Engine Client according to claim 6,

20 wherein, additional fields are defined for

depacketization and desegmentation.

9. The user application RTCP structure for use in a

RTP/RTCP Transport Engine Server according to claim 3, and

25 in a RTP/RTCP Transport Engine Client according to claim 6,
wherein, additional fields are defined for

retransmission.

10. The GOV node structure for use in a Data Link Buffer

30 (Server) accordingtoclaim2, andinaDatalLinkBuffer (Client)
according to c¢laim 5

wherein, one GOV is stored in one GOV node with some

related information.

35 11l. The retransmission mechanism for use in a Data Link
Buffer (Client) according to claim 5, in a RTP/RTCP Transport
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15

Engine Client according toclaimé, and in a RTP/RTCP Transport

Engine Server according to claim 3,

12. The Network Bandwidth Polling protocol for use in
a Bitrate Adapter (Server) according to claim 4 and a Bitrate
Adapter (Client) according to claim 7.

13. The Bitrate Adaptation protocol for use in a Data
Link Buffer (Client) according to claim 5, a Bitrate Adapter
(Server) according to claim 4 and a Bitrate Adapter (Client)

according to claim 7.
14. The Bitrate Decision Rule with implementation of

the Decision Sliding Window for use in a Bitrate Adaptation
Protocol according to claim 13.
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