20 May 2005 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 CONTROL BQ%F§FCUND OF THE
I NVENTION 5 1. Field of the Invention The present inventio 030 the
realization of an MPEG 4 Live Unicast Video Stream ng Systemin wreless
ndtwork w th end-to-end congestion control, which can automatically 10 and
dynami cally adjust the data-bitrate/transm ssion-bitrate according to the
avai | abl e net iy RMERGdWIdEYE UINIQRIE rVPPEQNSTREANENReBUEFEMAIN RIRHLESShe
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i nformati on on the web, stream ng video over _ as beconing a
key topic in academa and industry. Conventionally, video files are

downl oaded from the I nternetgubrb@YS hbanks | pe@khyroRut full file .
transfer 0 introduces very long, unacceptable transtfer tinme and pl ayback

| at ency. live stream ng is supported. Recently, with the energence of
wi deband net war. k Figleh ofasHeSII{udi-ildrgi t al Subscri ber Loop), cabl e nodens,

tc., | -ti [ t L N r.the I.nternet js wide]y accepted 25
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when the data Is recelve are severa ey aréas of

30 strearithg 8uerlyaamicadd vadpyes shelatapiti watoftraysmi getonchakirayeof

Service) contgebor@efll BUOYReBY a3 1GA iUtk BRIUHGESH, Streamng
servers, nedia synchroni zati on nechanisns, protocols for stream ng nedia,

etc. Typically, real-time video streaning has bandw dth, delay, and |oss
35.requi renents. Deseripsiances thée@edaltadmagit be played back continuously

at the Gient. . If tﬁ&ed%kﬁtﬂﬁfssﬂgéegérE%F éﬁg_%nternet technology and
15 increasing demand for multimedia information on the web, .
streaming video over the Internet has becoming a key topic

in academia and industry. '

Conventionally, video files are downloaded from the
Internet and played back locally. But full file transfer

20 introduces very long, unacceptable transfer time and playback
latency. No live streaming is supported.

Recently, with the emergence of wideband network, such
as DSL (the Digital Subscriber Loop), cable modems, etc.,
real~timevideqstreamingovertheInternetiswidelyaccepted

25 and deployed. In real-time video streaming, live video or
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 synichronization
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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20 May 2005 tine, the playback probably has to be paused to wait for the
del ayed or | ost data, which is annoying to the user. However, the current
bést-effort Internet does not offer any QS guarantees to 24 MaRGRP vi deo.
One solution is the 5 application-layer QoS control, which does not require
any QS support fromthe network, to avoid congestion and maxi m ze video
quality in the presence of packet |oss and transm ssion delay. For video
stream ng, typicsd, ahe ptaybenkl pyebablongesti®me pals@ld takesitheof arne of

Rate Control, a h.the bitrate of ,the videp streamto
the availabl & e aﬁﬂe g b%é\%gpéﬁ% 8%52“: pEIHPREE %@nPPSIu?§r RAPYS R
Adapt ati on Prdteocohyrenhi blesits edifabrtto- hmjefﬁ@cfdbesdlr;ot \b flter dahg igRS

streaned t hroyg grgqge@:png?g R#f%hiﬁgTrsgéiQ%C §§§g 1; IEQ%\M eds en%r};t

there is the i'nformati on [ ross r+
Then an esti m@Ped IC@tHcH- 1awamepr m@mht wms:ha@hea\xm mqadjmsanm@s

sending data shigcatte feford t@lreen%tt%%@c VIt%eav%aaeé%gfé%%%?{ a&@ya%nﬁ%

Control is Receliver-Based Rate Control, which IS nainly use
mul ticasting ¥C&CRTEAYEBéQ-R §Pree%ﬁ§5e‘?ﬁ8rcéf Qﬁ@k%vls%s angy sransmitsgd on

scal abl e vi dedeang. ezol |&¥G’éoCOEEQ§Eﬂtﬂ€l§ tOt?ﬁQcﬁmanHFblhBattE%nﬂﬂ allegast
resu | ng I N

tree. Wen con Qn_i s dete

a reduction of ﬂﬁ? tté'(?@l N t%%?egg‘ RYfasConErady which

partici pai®e i atRemptSorta atatdowtige bﬂ’ataateWo}fr aflecotisddwmver besm €esicgeed

and standard h .C en clients and stream ng servers.
b2291680 CATDLAAL O NE MR

Qobvi ously, | P serves as protocol for the Internet video
stream ng. Since TCPNE rrepahayi feiten Gontral uds aRhaBys(Hatte odldepsadébays

that are not @Qsﬁeeahh&haachvageenatEeaghagfrﬁﬁmsgﬁ@hhaﬁﬁ Wlh%osh%'cagﬁgt
e

delay requirenents IS now tégl cal oyed as t
prot ocol for FFHEBMEF cBRFAYIR| T dqufé?ﬁCWRT@m(Rém ﬁle#élba?kan@ﬁart

Pr ot ocol /1lReal adkfiowleatealent, 0t RERL )i d $hdesh S6EHa B8Poh L PRAM ¢RoBAG=1ps gnd

transport fun"ftIOTS %Q\c % %TossDPraftlo, etc. Then an estimated current
network bandwidth is achieved to adjust the sending data -
bitrate of a pre-stored video stream.

Another popular Rate Control is Receiver-Based Rate

20 Control, which is mainly used in multicasting scalable video
streams. There are several layers in the scalable video and
each layer corresponds to one channel in the multicast tree.
When congestion is detected, areceiver drops a layer 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 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 for video streaming. Inaddition, RTP/RTCP (Real-time
Transport Protoccl/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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supporting real-time applications. Mreover, RTSP (Real Tine -2 20 May 2005
Stream ng Protocol) defines the nessages and procedures to, . contral the
delivery of the nmultinedia data during an established ses@ioolﬁ?y\?ﬁloﬁ t he
expl osi ve devel opnment on wirel ess network, nore 5 and nore people are now
using wireless LAN or even their hand-phones and PDAs to access Internet.
However, conpared to the wred network, wreless links are nore
error-prone, bandwidth-limted and tine varying. Thanks to the

flexibility,aadnehll G@RNeHf) VEEE LDl Qe ldleoall PiSAB LS NEQUO
wirel ess networ k- b8cores avail abl e, especially For 1ive vitdeo strean ng.
SUMVARY OFcdhiErbNVEREEONdAGdwediyng dfo tdiee pmeslenimedivent daba t eréngs an
provi ded an 15 I,\/PEG4 | ive unicast video stream ng systemfor use in a
wirel ess netWdPkiPAEAUEPRGI9R ‘end-to- end congestion control mechani smt hat

can automati cal ﬂvi’tﬁﬂéhéyaﬁglééhlv)é adhedlogr®it on wireless network, more
data-bitrate/transm ssion-bitrate according to the avail abl e network

bandwi d} h, andie myst epebpéEudiryy: N2Y (Uyingr atigrcddgs | LBNVREG £vsimptheir

profile encoder_for _generatin EG 4 si rofile |jve video data, for
P Lohi ng |1 ESS T BBSRART 220, HIRE ShPofrcny Sk Tt HrrHoHE S mr et ket AN,
and for adiaisthed wire@ngedivbgkhi tupt€leds AGaRUNES Wokld dePidf apfone,

control requirement; 25 (2) a stream ng server; (2a) a data receiver nodule
i ncl uded iPpRGwidthebimhgedserand f $riMeeceVerdgnghe MPEGHRMESp| &0pr oflee

live vide . T CP _f -t[]ﬁi;at ad Lve MR [ e Ll e
encoder tg?%%g%g%g%tﬂN;gﬁ§o (e f%maln SP cgji:ar vgggﬁogul g%@]qéoﬁé%} in ‘?#ie)&)
streanl(g stsesaeingor tiamsliging avistelean ngneessiran; bécdflebhy 2D01412Le, an

RTP/ RTCP transgpr{ engi ne. server _.included i.n the
especially for live video streaming.

SUMMARY OF THE INVENTION
According to the present invention, there is provided an

15 MPEG-4 1live unicast video streaming system for use in a
wireless network including an end-to-end congestion control
mechanism that can automatically and dynamically adjust the
data-bitrate/transmission-bitrate according to the available
network bandwidth, the system including: '

20 (1) a rate adaptive MPEG-4 simple profile encoder for
generating MPEG-4 simple profile live video data, for
pushing live video data to the Streaming Server by HTTP/TPC
through a LAN, and for adjusting the encoding bitrate in
accordance with a bitrate control reguirement;

25 (2) a streaming server;

(2a)} a data receiver module included in the streaming
server for receiving the MPEG-4 simple profile live video
data by HTTP/TCP from the rate adaptive MPEG-4 simple
profile encoder through the LAN;

30 (2b} an RTSP server module included in the streaming

gserver for handling a streaming session;
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stream ng server for segnentizing and packetizing the MPEG 4 sinple
profile live video data received by the data receiver m)délﬂej\/li n?@ gTP
packets on the basis of GOvs, and then for 5 each GOV one k] 0P i s
packed as the payl oad of one UDP packet and is pushed to a client through
the wireless netwrk according to the data bitrate, whereas RTCP is

I npl emented for transporting retransm ssion request and reply, and 10
wherein, any pogskbl Qnrﬁt‘PQR&@iPS%ix@&srp@ilte?éngg.&lé esehyes iheonuEReiql kaat
through a UDP connection, which |oads an RTCP packet containing

ret ransni s§t&Raméfte SEIVIERO MR | SPTNRYL fhed epAduPeTedddt Vi gt e eMPEG-4 ~
retransm ssi e - r | re | r;C | a.link
buffer in ?%@B % rgg%%%ées%rl\%r Velg%dé ic?a%wféé?ggﬁg, %ﬁe&%q%%%dggé?]avg%ﬁ

t he whol e eb¥ulle retwarrsTe tpaedkeost be cthenbasenpRTBOPackansl ash&9ono@s
possi bl e, otherwi se, a neqgative acknow edgnent of_ forbidden-retransm ssion
is to be reRelRnElV soe fihePrFreht 1enPsHeaRRTEre chawrerd ©fd)one byPPat e

adapt er WLgednclyged; in ﬁ'@lqé&re%&”' &er for..bnpl enepli ngs LLrate
adapt at i glr)lgpr o'teoco%l andla I%letwork anggvi d(isfﬁj pﬁl [ ngrplg@%oggﬁq tg‘gﬁﬁg%vgtéhe
streanm ng neewyek tacprodeed Wioh ther adatzotittataskswhetrbasheRTRB is
client, and erein, .bitrate control informatjon is.received from the
client, anﬂﬂﬁﬂﬁﬁwaﬁ p%PFi nd GG TeE e d Pt RAERBISE6Per HSBIET t#Rd
client, ange rekfd a bitrate decision is forwarded to the rate 30
adaptive MPEG 4 sinple profile encoder through a TCP connection; (2e) a
data | 1k buff evhereindeany noepeibleecnntngnseiveion IRQE NG P 00Ecd Dred
storing t E Sj pr.qf j i ve videq stre ta, .as.a Link of_ GOVs
with the Pii %{Feghfénf%ﬂrr% Fontqi%%%}lés\éec}tj}bgbictofnargee, dt‘frha clhon,&oé‘@ e,
etc, and RTCP packet containing retransmission request information,

and

wherein upon receiving the retransmission request, a
15 required GOV is searched for in a data link buffer in the
streaming server, and if it is found, the required data or
the whole GOV is retransmitted to the c¢lient using RTP
packets as soon as possible, o;herwise, a negative
acknowledgment of forbidden-retransmission is to be returned
20 to the client through an RTCP channel;

(2d) a bitrate adapter module included in the streaming
server for implementing a bitrate adaptation protocol and a
network bandwidth polling protocol to allow the streaming
server to proceed with bitrate contrel tasks with the
client, and

wherein, bitrate control information is received from
the client, and bandwidth polling is proceeded with the
cooperation of the client, and

wherein, a bitrate decision is forwarded to the rate
adaptive MPEG-4 simple profile encoder through a TCP
connection;

(2e) a data link buffer included in the streaming server
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wherein interfaces such as inserting a G, reading out 5 a GOV, and
searching a GOV are exposed for other nodules, and mherei&orhg bB@sspeed
of GOV reading is slower than the speed of GOV inserting, OV RN I'ng the
old unread GOV is allowed with resynchronization of the read and wite 10
pointers by resetting the buffer status and dropping the rest unread GOVs;
(3) aclient; (3a) a rate adaptive MPEG 4 sinple profile decoder included
in the cliéRfF ﬁ&Pﬁ&&ﬂxﬂhﬁ;M ?%c%?@@&eNPEGi4L§J}lW§SH%?%QaﬁHrP@WdQPFﬁg
pi ctures repr Lye VR ; . P s!

nodul e inc?%d%ﬁe?%ﬂ?h§¥cF¥§ﬁ{ef%$H ﬁ%ﬁm%%%fﬁ%é?%ﬁ?ggﬁ?ﬁgg?e?%.on;a%3§§@;n
RTP/ RTCP t bahspoet &0¥ dereltiiem, iG] wiek i retthe a2® client for receiving

t he RTP ket . UDP - ti t.h h_the wirel t .and th
dosogmont 21 ng. 4REF SABpASEAHEATRT (HICH cCBI BHSRFA Il a1 it GRGoRE out

wher eass RICRygws, | gpk e if Al AIBPOREENGARIJANS FbESihdedreahl eand
reply, and 25 wherein, upon packet |oss or packet out-of-sequence, an
i nconpl etea®V or a blank GOV is inserted to a data link buffer included

in the client, rekn, y passi bl e.retr 1L.SSi,en request _is.receiv
rom the data | THEEBENT ef D) AEne i Tare: 80 ERentry S0 Fhnter o8t offte
RTP/ RTCP t §pB8@ordf engne riimeind hr evehlwirie idaP €eeneald otnrvltcltdwads
the RTCP packet containing retransm ssion request information, and -3B 20
May 2005 whdkevwad upaithy ecestymghraRlFabiaRsmialt edt it arephe apbci ¥rébecoy

2 Seaignethlftels fe Sl SLeLLRLDe sold g wandolbat ke .
| i nk, and besbeueraadi GO¥sfor bi dden-retransm ssion RTCP packet is
(3) a client. |
(3a) a rate adaptive MPEG-4 simple profile decoder
included in the client for decoding the received MPEG-4 GOV
15 data and rendering pictures represented by the received
MPEG-4 GOV data; _
(3b) a RTSP client module included in the client for
handling the streaming session;
~ (3¢) an RTP/RTCP transport engine client included in the
20 client for receiving the RTP packets by a UDP connection
through the wireless network and then desegmentizing and
depacketizing the received RTP packets into GOV, whereas
RTCP is implemented for transporting retransmission request
and reply, and
25 wherein, upon packet loss or packet out-of-sequence, .an
incomplete GOV or a blank GOV is inserted to a data link
buffer included in the client,
wherein, any possible retransmission request is received
from the data link buffer in the c¢lient, and then is
30 forwarded to the RTP/RTCP transport engine server through
the UDP connection, which locads the RTCP packet containing

retransmission request information, and
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received, a forbidden-retransm ssion flag of the specified GOV in the data

link buffer in the client is set to forbid a further retr%Bshgis |Bg
request; (3d) a bitrate adapter included in the client for <%l aY%}Q ment i ng

the bitrate adaptati on protocol and the network bandw dth polling protocol
to allowthe client to proceed wth bitrate control tasks with the

stream ng server, and wherein, bitrate control information is received from
the data |ink bépeEeing tweor| iepteivhnga bher aret desswibhedlsdasapndehand

f orwar ded . piit e.ad eint t reani.n erver through a
TCP connec%lug%lr:\,bgé%% %ﬁ{e]r élgn,%%%%{gg;%#goq ot hgﬁ%eaﬁéﬁkq‘l}g%djﬁ“b’%ﬁerpojr? i ﬁ@e
protocol , @lpehtjnangr otessti siActbuated fioe Wekk rantEhitthed bistat @ radapser

modul e in the stream ng, server, and 20 wherein, an auto-negotiation on the
initial st¥Rah®ngCVbifraneebbedetR ihe POFd&HORN igethe thnglient is

initiated to wopkmifh t bitr. aglant ¢ . Lo, 1 he eani seryver
by using the net vvoirqi ]E'ang\% d‘J’Elh pol 3 ng g{%ﬁ%ﬁlégl(%ge)ma%%aggcglgﬁk 18
buf f er i ncteckeiived, t me TorkbddénrresranengssienVPEGad sifptReprafdderiddqe

video stregmdata as .a |inok of s with the related information such as
GOV bitrafe’ Wla%rgf‘fiﬁnglédbgig%&r dtt, Ehhcc etk 48 SRfettade¥ iR as

i nserting AuEREr | RISEFIHEHEL S1i 30 pgéggsg;w, I nserting data of an inconplete
&0V, reading out a GOV, and searching a GOV are exposed for other nodul es,

and -3C 20 May @805 whehditratif tadapyseed iofclded eddi ngliss silowntt t o t he
specd Of  SYABRSILIY, CAYCEILLLLB0 G G Wsad OO0 | gpathoned Ll
stat us andatidwipitly bbelibgr @stotbedhe tenr gatofdOhe andivher et d, Adceed
inconplete GOV is verified and a retransm ssion request is sent to a
RTP/ RTCP ppéﬂgﬂ%HQrate control tasks with the streaming server, and
wherein, bitrate control information is received from
the data link buffer in the client, and a bitrate decision
15 is made and forwarded to the bitrate adapter module in the
streaming server through a TCP connection, and
wherein, according to the network bandwidth polling
protocol, a polling process is activated to work with the
bitrate adapter module in the streaming server, and .
20 wherein, an auto-negotiation on the initial streaming
bitrate between the streaming server and the c¢lient is
initiated to work with the bitrate adapter module in the
streaming server by using the network bandwidth polling
protocol;
25 (3e) a data link buffer included in the client for
storing the MPEG-4 simple profile live wvideo stream data as
a link of GOVs with the related information such as GOV
bitrate, GOV duration, GOV size, ete, and
wherein, interfaces such as inserting a GOV, inserting a
30 blank GOV, inserting data of an incomplete GOV, reading out

a GOV, and searching a GOV are exposed for other modules,

and




engine client, and if retransmtted data can be inserted by the RTP/ RTCP
transport engine client in tine, the inconplete 10 GOV is recovered to be
a conplete GOV, and wherein, current buffer status is coll @O May £095sent to
the bitrate adapter nodule in the client according to the bitrate
adaptation protocol. 15 In view of the foregoing, it is an object of
enbodi nents of the present invention to provide a network
bandwi dt h/ bi t r attee eeliepf at Eonheeishedd faff ase raadbndyPEES 41dviere Hindrc ashe
Video Stream ng systemin wreless network,  that all Oi% t he Stream ng,

0

Server to PRIRA AEICAY ndBsSTrides 20VSFYEARLRG Satvi edSovEIr4rs SEW: ot
netvork. Aliifigeganhichl Muedindirafobhieroghl 8ot afnd heppagsenhd nupation

to provide a real-tine stream ng od I ncluding packetization,
retransnm sspom;ebst gt exadpustinmgnt thet dyffor stseud t BNRTRARTGPLLDP Gmal

RTSP, that allo(%/% t.he Cliené %@ 25 receive data in real -ti ne and decode
data propersk 5% VETFRY B8V 8 pRBBI ems, enbodi nents provide that the

downl i nk (streayAdiee Ghanneln adepbiplae « UsebyDat agr amye i p1 840! , afrC7638)
and the uplink (nessaging channel) adopts 30 TCP (Transm ssion Control
Pr ot ocol , IREGEISIMisThen pres@esti ny8nt FORtpr 69i dés FAS/RTEH t daranspaft

30 2 MU0 Gkl nend I A B wISRERRS. e A Bl ReeB e oY

Encoder, wielRTS/RUtP ot réhgpseopenafinkehics ientenih onife) Cheeraicemdlite
MPEG- 4 Sinple Profile live video data,_(b) Pushes |live video data to the
st reambg Vi TRIERIERE LN e o aFOmPLat ReFR¥r k20 May 2005 (c) Adj usts

the encoding bijideid " ALFRLMANGRE k! Bebhes a1 IR Nend! GRAT 1%
1 the bitrate adapter module in the c¢lient according to the

bitrate adaptation protocol.

15 In view of the foregoing, it is an object of embodiments
of the present invention to provide . a network
bandwidth/bitrate adaptation methed, for use in an MPEG-4
Live Unicast Video Streaming system in wireless network,
that allows thelStreaming Server to provide continuous video

20 streaming service over best-effort 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, etec., for
use with RTP/RTCP/UDP and RTSP, that allows the Client to

25 receive data in real-time and decode data properly.

To solve the above problems, embodiments provide that
the downlink (streaming channel) adopts UDP (User Datagram
Protocol, RFC768) and the uplink (messaging channel} adopts

30 TCP (Transmission Control Protocol, RFC7%3). The present
invention provides the architecture of transporting MPEG-4

Simple Profile Video data, which is shown in FIG. 1,
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(2) A LAN (Local Area Network) (a) Connects the Rate Adaptive MPEG 4 Sinple
5 Profile Encoder and the Stream ng Server, 10 15 20 25 30 %SRA A@br eam ng
Server (a) Has a Data Receiver nodule to receive live vPEGCMaY Sdat a
fromthe Rate Adaptive MPEG 4 Sinple Profile Encoder through LAN, (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 ¥R8KSpBrt Engi ne Server), which segnentizes the MPEG 4 data on

t he boundary of G o (@ o _Pla acketi.zes each as
t he payl oad of Igz'lgg\/( ea?g%rreiq%[gggggrthﬁgéogocg?%‘pkgm §B)%1§SCKEP§‘,3§§%¢
pushes those RTP/ UDRhpahkeébsoua bife tBe emfogdhrcugihideinvémiel €S net wor k
according to each GQZ ;jata bitrate, whereas RTCP (Real Tinme Control .
Protocol , RFC1889) i &3] npFEeReRRERSt 5heelBEGs 4 (Hianla rBrpti sei bhve cyiudse,
(d) Hassa Bitrate Adapterggpgule, which inplements the Bitrate Adaptation
protocol and Network Bandwi dfh Polling protocol, to allow the Streaning
Server to receive fé&elbaBkshesolimei sndeoodatize td itde Sinckamkeg $dever
decision on bitrate cont\r,\ﬁll1 thaé JE%Nt? be fgrwarded to the Encoder, (e)
Has a Data Link Buffer, whith"¥ sthPEathéreaoeisc¥hat is received
fromthe Rate Adaptive MPEG 4 Sinple Profile Encoder,




(4) A Rate Adaptive MPEG 4 Sinple Profile Decoder, 35 which is out of the
scope of this invention (a) Resides in the Cient application, -4 20 May
2005 5 10 15 20 25 30 35 (b) Decodes the received MPEG 4 SidpMayrdds | e

live video data, (c) Renders decoded pictures, (5) A dient (a) Receives
li.ve MPEG 4 video data fromthe Stream ng Server through wreless network
(Internet), (b) Has a RTSP (Real Tine Stream ng Protocol, RFC2326) dient

modul e, whi ch performs thg) sers@jmgafﬁg @nc%&mm%ﬁh@r@é q_ﬁl’raa{;ﬁmcghir%lum
nodul e (the RTP/ RTCP Transport, Engine i.en [ recei ves e

packets fromthe Stream ng Ser“(fe':&‘ %thﬁ’r Bﬁaﬁeﬁhefﬁ??‘etﬁ'é%_gtrﬁ%rkg 9 et ) ,
depacketi zes each GO} rémiiAe {Jadabdoéa REtwéRenl Tine Tr aniport
Protocol, RFC1889) packets, [ VE, K, t

(G oup of Video bject Ple(aaﬁe), and recéﬁét%ggtes ﬁ%@%ﬁ%?déo%
whereas RTCP (Real Tine Cont @lofRdst doslodeRrersdfhe i Stiaphéngntedves,send

the retransm ssion (Bequestse AdhmiliRs e BidL ate Adapter nodul e, which

i npl ements the Bitrate Adaptation protocol _ . .
- (2) Has a Data Receiver module to receive live

MPEG-4 video data from the Rate Adaptive
MPEG-4 Simple Profile Encoder through LAN,
10 (b) Has a RTSP (Real Time Streaming Protocol,
RFC2326) Server module, which performs the
session control,
v . {c) Has aData Transmission module (the RTP/RTCP
Transport Engine Server), which segmentizes
15 the MPEG-4 data on the boundary of GOV (Group
of Video Object Plane), packetizes each GOV
as the payload of RTP {Real Time Transport
Protocol, RFC1889) packets, and pushes those
RTP/UDP packets to the Client through the
20 _ wireless network according to each GOV data
bitrate, whereas RTCP (Real Time Control
Protocol, RFC1889) is implemented 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 fromthe Client and make
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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and Network Bandw dth Polling protocol, to feedback bitrate control
information to the Streamng Server, (e) Has a Data Link Buffer, which is
to store the received GOV data and nonitor the buffering

itself, as well as forward the collected buffer state information to the
Bitrate Adapter nodul e. According to enbodi nents of the present invention

the initial streamng;q @tr‘ﬁe%dcfe% l?frdeeé:él ?ﬁ%ﬁ@%‘“@&?f hgt |s

Manual |y configured at the (1 ent e user roug
2005 5 (2) Auto-negoti ated B\}Vtanéfl @&y, Server and the dient W|th the

Net wor k Bandwi dth Pol | gy preeedls dauddesnpferyiasenbodi ments of the
present invention the bitrate adaptation to the avail abl e network

bandwi dt h consi st §5bf A &Bléélﬁects that is (1) Decrease of encoding

bitratesdue to network(aflet @elc@saldson Dfe dgeeden’ S, 2995 HQI&QUM tﬁ@d (2)
I ncrease of encoding b|tratg due to health network 10 condition.
preferred enbodi nent of the”pFESEARS MRSt Regh Bthrﬁ]tﬁe‘-‘eﬁnn%W@hkl s

generated by the Rate AdaptijyacbPhet4, Sinple Profile Encoder, is firstly
sent to the Stream ng P/ TCP, connecti on W|th one GOV by

ve t hr T
one GOV. 15 The enbodi ﬁaht gPF 9&%} %%ﬁlﬁ‘gﬂ‘%% S5FEATEAUIRE S ¥P<e he
Stream ng Server to segmentJREte2aBd)pa¢keht2ﬁtoﬁh1&ewl&11d1efﬁ¥ﬁ6ﬂﬁscﬁ/é are
put o éhe net wor k accordi ngeéo t heir rate. In a preferred enbodi nent
of the present invention, ibo?hgoﬁétré’ Transni ssion nodule in the Cient

receives the incom ng(ﬂTP/HE)E’ gphekatBranstmibalba mdaeuiteco:r}sé R A e of
each GOV, in other words, 40g,A66e8% i fe cIN8RNCLEERVELES; G the
RTP/UDP packets from the Streaming Server
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-4 video 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 pfotocol, to
feedback bitrate control information to the
Streaming Server,
(e) Has aData 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 embodiments of the present invention, the initial

streaming bitrate is te be decided by two ways, that is

35

(1) Manually configured at the Clieat by the user through a
GUI, or




Is to be inserted into the Data Link Buffer in the Cient. In a preferred
enbodi nent of the present invention, if 25 packet |oss occurs, duri t he
transm ssion of RTP/UDP packets, the blank GOV(s) or parti %Vr ered
GOV(s) (inconplete GOV(s)) is (are) to be inserted into the Data Link
Buffer. In a preferred enbodi nrent of the present invention, it is the Data

Li nk Buffer that gheckgtwheiberatkl by vhecessamyng 3rior addVenparlient
a@\Vtobe retransnmtted. The retransm ssion checking is triggered by the

i nsertion ofigh tie|NetredoBardddtichylliRat PE§SERssi on requests are to be.
passed to the Da Tr m sSj o frem.the Li; er ynthen
transmtted tot Et@r?igtzerh n% er\gg{r:!'lré gstﬁg %&P%‘Bac%é?@fogs LFH%

enbodi ment- altwe bhgpaelsmnenitasi emidbbre GaYwork Hpadtidsh ac¥dtsoobe tried
for only once. -6 20 May 2005 The enbodi nment allows only those GOVs that
are still [ @RBEe%SEr eBHAtndS Server' s Data Link Buffer to be retransnitted.
In a preferred enbodi nent of the present invention, the Adaptive Rate
MPEG 4 Sinpl e Prof(ille Decorease akés émtdging riecoveted &s,.td naktdiordk

t hose that are recover . 1.SS4 o] Link Buffer. Ina
preferred embodi nent oggt%/erlérg%sge%}ﬂgn%?ﬁ%o%%ét%]eﬁg‘gﬁ?gﬁ%?’ﬁ ﬂﬁh&r’eflrﬁ% t he
Client collects itf&)owinaneass of tentaasdizndiftarake deet hahsadfudr netivorkt o

t he Bi E@ate Adapt er no@g,ln%-]thc;m_ the Cient. This is triggered each tine
when t he Decoder _successtul y takes out a GOV fromthe Data Link Buffer.
In a preferred enbod peefegirachemppéimant| af &g present Bhveatd ofxdapher

modul e in thee CLigahngY ahiahes st BenBirbhtle byCoHd Hatdf AW 1 98 MbBED 4
forwards that information_to its™ 15 counterpart in the Stream ng Server
 hr ough TCARIEBRhRETIFH: 19 Bacpeereribl EaboYiSRIHE torthe St 5ragdma $AVERLI on,

L_he Bitr3t@£&a@me%wmsgd@lpeciﬁmé&i$ﬂ?ain&mlgoﬁér@_@tv @k%sltet hﬁ)v.?e_ci Sitﬁn on
i trate_adjustne as n the ipformation from its coupterpart_in, the
dient .fSCorrespon PR ’@Bﬂﬁhﬁﬁnfzsafﬁo"éﬁ Hee Raha (TF IR BISHPRVECRALE WPEG 4

Si npl e ProftHe fincodring Server to segmentize and packetize the GOVs
before the GOVs are put on the netwoz.:'k according to .their
bitrate. A
| 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 reconstruction of 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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to adjust the next GOV's encoding bitrate. In a preferred enbodi nent of the
present invention, the Bitrate Adapter nodule in the Cient and its
counterpart in the Streanmi ng Server are to negotiate the i 40 May 2005 eani ng
25 bitrate using Network Bandw dth Polling protocol by tenporarily opening
a_UDP connection. The enbodi nent allows the Network Bandw dth Polling
process to be triggered by a Polling Tinmer during the data stream ng
procedure. The Bitr &le Asdpidsimerod dlel aws tdrdl yCltiterde 3N hdts aomsindteirplar t
in the Stream; -1g Il rent_ _netwark
bandwi dth is &3‘3‘%@&?@3@@ Qe%f?%a%nﬁhgag’ﬁ%%gk%pﬁ: é:’?r%orr %rtlrla%sér\é'gtnﬁen%' a
UDP connection. |n dmaaixginredisabosdmenss of Wdigppesernti iveantbon, shaiser

control s the gifRaNhA0 RLES MPEENLOU NN BELRRALC d{c?d%%g};%%gr fRpS)y -

Commands suchas Start, Stoe, etc. are transported
Fh

connecti o - FESOVIREFD088VEne HAelnding: ithqsh e thAG LRFEI tye@dvened by
i nvention W | lretheeeiE g8i¢h appasenthd rvdr d heihrl kewkag . det ai | ed

BRI EF DESCRI PT1 O OEPTRE SR IR TR B RE O s By RS O B FPs £5%s
di agr am showi g tahki sy Sueifiear ¢hitlee CUtenefcol hecps dxendbwh et énn stk us G 2
2> di agr am ShouRa PRECB0T YRaY, S OHE: KRR FTCS o PR, SERGINTE TREGLE | <
a di agr arh®&hownngheh@loeetvi i ofis Heriggemdd edhdatianeg miresnitdsl Decheieween
he Sruor, ecsRa SRS, JSF gy arheoag SOl 10, TB.RUgEY o o
a di agram showi ng t kg aprederrecoerpadimrntmieghemmreserkanver: iRIG Tthies a
di agram show pgttrBeeShidpteremliuiBeiHS8he 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 i_n 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 wusing Network Bandwidth Polling pfotocol 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., aretransported
by RTSP/TCP connection.



Application RTCP Packet; FIG 8 is an operation flowhart schematically

showi ng the processing operation of a RTP/RTCP Transport L he Server;
FIG9 is a diagram showing the structure of a conplete 25 Y% 400G (RTP
AV); FIG10 is a diagramshowing the classification of three different
RGs regardi ng the UDP out-of -sequence problem FIG 11 is an operation

di agram showi ng the processing operation of a RTP/RTCP Transport Engi ne
Cient; 30 FIG 12 i Stennaperat, i pinink gt @krd stibgtihef whieninveetidhfdficrent

processes of T ' ' upon. receiyi a .RTP
packet; FIG 1%%%:55%6% %&@%Pg{%vﬁr%ﬁ t'rl E‘g(\%’?g@%‘& %fd%}ff?%%qr&?q%q he
Dat a Li nk Buf W&en @gdashtin GmPn@tidn iwithftbechacomphowing drawimgsess of
GOV reading in the Data Link Buffer (Client); -8 20 May 2005 FIG 15 is a
ti me sequence di agram showing the Bitrate Control nessage flows in the

current imvention; FlG 16 BRLEF (PHECRERTEMN OHi BEE aRRAWSNCEg t he

Retransm ssion nessage flows in the current invention; 5 FIG 17 is a

di agram showi ng the_process of makin Bicirr ate Control Decision; FIG 18 is
an illustrative di a&F‘a AR S 2Ht9hi ti ons of the Bitrate
Control mechani sm FIIG.19ikSa afi adtans taladw ey Ry saBtEho Wt itthethgrdels 10
pl ayback scengkgo g,f St E&g: I%_i t ratte. Control mechanism FIG 20 is an
illustrative di'ag A SHow ﬁld’etrhel%tmrk deterioration scenario of the
Bitrate Gdhtrol nechaGi.8mis Bl Gixlframs showingisthatoverdiagr amh shewrRTget he

Decoder's pogLskhrgughy ario of the Bitrate Control nechanism 15
FIG 22 is a tlgrrg se ugn%gte | geé?'am showing the polling process', FIG 23 is
a di agram showi ng t AéGadtbs Fegbtpaamoihoping &g everview of the RTP/RTCP

Transport Engine;
FIG.4 is a diagram showing the overview of the normal

15 data transmission between the RTP/RTCP Transport Engines;

FIG.5 is a diagram showing the overview of the 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 aRTP/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.

FI1G.1l1l is an operation' diagram showing the processing
operation of a RTP/RTCP Transport Engine Client;

30 FIG.1l2 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};

-8-




In the acconpanying tables: 20 Table 1 explains all the fields in the

Ext ended RTP packet; Table 2 explains all the fields in the User
Application RTCP packet. 25 DESCRI PTI ON OF THE PREFERRED EABMSWERAS An
enbodi ment of an MPEG 4 Live Unicast Video Streaming Systemin wreless
network with end-to-end congestion control according to the present

i nvention will be described in detail 30 belowwth reference to the
drawi ngs. A Stream ffGekvérs aattnpepeaience udi agram RBEhewitapthe 31 REG 4

Sinpl e Profil exJiRcodenas &k ar L€ ﬁqa%évguwggt4ln§bg%1% +rofile Encoder

included in this enbodinment” use i nformation-processing devices that can
execute the process B dscriihed bdliow PFSBENAF oHRIIAT prafeavsiiang the

devices incl gda Sordidl 4 Sb0GRNEE SA g UE PORE SRMPHEEESr rMBEK S hdldriion 7 9 20
May 2005 ., as well t wor k connect abl e

i nformati ?ﬁdpfggzggﬁlﬁé; dg’o’lrj%e W%?hBWngﬁ%%Bﬁﬁcgﬁécﬂfrmﬁ kigghitartss,
portabl e ternmomaltxrcsludedissiRds, and cel lular phones. It should be noted
that apart of  proceddC ity e bl DiF ot hos et LAGhRY. SERELDY, ¢HF Hafham
schemat i cal | y deifdwiing drfve afverhe el tdta Gometes sméPE&ndsstr eami ng syst em
to which the MPEG 4phigiqo W ggsaﬁ‘{;ggr%gﬁ%ﬁfggﬁ;%g @#%@ﬁa@g%&% e

present 10 i nvention iI's appl system
conpri sest@ Releviasi |Sﬂ@n\§11|§(9 oS Site eC@m’—:D@brmEﬁhanlsmcodes

MPEG 4 data, a StreafigNgoSeEveh il@sif&@i#@%ﬂ\fgﬁ%ﬁ sHIRb & t‘HE Lig Whgoder

and sends it to the Cient, and Client that receives W data and
decodes it. TRELEFIGFETILNY Sﬂ?@%%ﬁ%aﬁﬁ% Kerayles %?%tE%ﬁn@EFEénﬁlsﬁl ia
LAN The dient andFfRe2lst§ aam hiuskeraktvadd agsmreehedinpLhe Recodesd s

network. Fl Gpodyd %heoq§ﬂgh%%§@hsﬁbl el kMeSBQ‘é&QEet £8nLY8VheWnahikhe
sessi on procedure of he RTSP sessi on procedure
15 FIG.22 1s 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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between the Stream ng Server and the Cient is fully conformng 20 to
RFC2326 with the foll owi ng nessages. Set up the session L ept
->Streaning Server SETUP % Rpay 2005

rtsp: |1 Server Addr:Port_ Num Content |D/User IDRTSP/ 1.0 Cseq: Sequence_Num
25 Transport: RTP/ AVP;, unicast; client_port=RTP_Port-RTCP Port Stream ng
Server -> Cient. RTSP/1.0 200 OK Cseq: Sequence_Num 30 Sessi on:

Sessi on_Num TrafHS pBRESORPR/ ATRIRF 8BS ; $6r VPl horPs=RTPtPork- RTCMeRrable
Start to play ir#déamMt il pLast881i 9881 s BhAY as digital home electric
rtsp: 11 Server _Addr,; Port Nuni Contgnt | DY User I D RTSP/ 1.0 Cseq:_ Sequence_Num
Sessi on: SessiBWw 8% BPREGC 20055t BALFTnGUSEr (6 PDRSG jdet © Pz 0
200 OK Cseq: SAmmence NimshSedsdi ba ndassithm tNdieSpRecges df@éc;.x.si]@éa P Iy End
Time Stopzth I nd tear..down the connectio ient -> Streamn

Server TERRDOMLH DS B CE o R o T R UL @R Vo bOSaT bPRFEET 10
Cseq: SequencaayuheSedwiomnon SesisaodwdNoen Stiean ng Server -> Cient

RTSP/ 1.0 200 OK 15 GoRd1 SR0USREEIU s RSP 01 o PRS SISl IHE c HE R AG,

message Cient -> Stream ng Serv GET_ _ _
rtsp:// Server oAd@wimslesuNPESdettr ¢@NiRe SYISDRTSPY Wioich 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 18 a diagram schematicalljgr showing the overview
of the session procedure of RTSP. The RTSP session procedure
between the Streaming Server and the Client is fully conforming

20 to RFC2326 with the following messages. .

¢ Set up the session

Client ->Streaming Server
SETUP rtsp://Server_Addr. Port_Num{Content_ID{User_ID RTSPH.0

Cseq: Sequence_Num
25 Transport: RTP/AVP; unicast; client_port=R7TFP_Pori-RTCP_Port

Streaming Server -> Client

RTSP/1.0 200 OK
Cseq: Sequence Num

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

¢ Start to play
Client ->Streaming Server
35 PLAY risp://Server_Addr.Port_NumiContent_IDiUser_ID RTSP/1.0

Cseq: Sequence_Num
Session: Session_Num
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Cseq: Sequence_Num Session: Session Num Stream ng Server -> Cient 25
RTSP/ 1.0 200 OK Cseq: Sequence Num Session: Session_Num The RTSP Cient
initially sends the SETUP nessage to 30 the RTSP Server asdd Mavii0%
session setup. If the RTSP Cient gets active ACK, it creates the object of
RTP/ RTCP Transport Engine Cient and sends PLAY nessage to the RTSP Server
asking for star f 1. tream The RTSP Server then instantiates the
RTP/ RTCP Tr anspoﬁrgéﬂ'gﬁﬁgeﬁé&&@rag‘fﬂtect to provide the 35 streani ng
service. During BRASPY8#s:200,0Kot h of the RTSP Server and RTSP Client need
to sense the couBseq:pSéduencatimis by sending GET_PARAMETER nessages to act
as Keep Alive meggg £54: SAt theﬁend of the session, the RTSP Cient sends
the TEARDOW ne 819 o SPEP I Yt he session. -11 20 May 2005 FIG 3 is a
di agr am schenat i Bahge: siptwiStgrit fénevEndi €ime of t he RTP/ RTCP Transport

Engi ne. The present invention requires the Data Link Buffer at both Cient
and Streamng Server sides to facilitate recovery of packet | osses and
ensure 5 the const &{oR| sWeofP 3y dad tearhd@etoddre PenNRESieBani ng -
Server, a GOV i sClientspl §treamingeSeswrand encapsul ated into RTP packets by
t he RTP/ RTCP Tr aTBARDQWHENMEBmMESSeer drddrPodgnNemiTontent_1Hbsé&t VB RTSPAL.Ot he
Cient, t RTP/ . r.t ine Cdient extracts the GOV RTP data and
assenbl esﬂfhem iﬁgghyf?%;e“% inserts it into the dient's Data Link
Buffer. The fol9o%siods SessraniMém he main functionality of each conponent.
(1) Data Link Buffer (Server) a. Stores GOvs for transm ssion and

retransm ssion, &pa42ln gﬁ}gpcg sport Engi ne Server a. Handl es
transm ssion/retransm ssron of dat a,
RTSP/1.0 200 OK
15 Cseq: Sequence_Num

Session: Session_Num

¢ Keep alive message
Client -> Streaming Server
GET_PARAMETER risp://Server_Addr.Port_NumfContent_IDfUser_ID RTSP/1.0

Cseq: Sequence_Num
Sesslion: Session_Num

Streaming Server -> Client

RTSP/1.0 200 OK
Cseq: Sequence_Num

Session: Session_Num

The RTSP Client initially sends the SETUP message to
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
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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b. Includes CRTP (Server), CRTCP (Server), Logger (Server), and Push
Timer, 20 (3) CRTP (Server) 25 30 35 a . Constructs the RTP Header fromthe
related GOV information, b. Handl es RTP/UDP connection, 20 MayR®H packet
transm ssion, d. Handl es packet retransm ssion, (4) CRTCP (Server) a.
Recei ves retransm ssion request, b. Replies any retransm ssion- forbidden
noti ce, (5) Logger (Server) a. Records packet transm ssion timng, b.
Logs error informtFag,. B6)s Iajdlilaﬁirmnrsahe@anﬂcauy%meahhggtﬂné tovadesiew 7)

Engine O ont °0- 13507 RE) RB68s IR Has SA0 e P (BESERRbadr e LeH |

(8) RTP/ RTCP Tfréﬁyameﬁ Ei‘@ Ret@ Lamk Buffgndlés bg@h @ét:@nrte@@udnsrtgreammg
o oo R PP PO L oot hoctly BRI e ol Wi
the constant flow of GOV data to the Decoder. At the Streaming

Server, a GOV is firstly fragmented and encapsulated into RTP

packets by the RTP/RTCP Transport Engine Server; then sent

to the Client. At the Client, the RTP/RTCP Transport Engine

Client extracts the GOV RTP data and assembles them into a

10 GOV; then inserts it into the Client’s Data Link Buffer. The
followings summarize themain functionality of each component.

(1) Data Link Buffer {Server)

a. Stores GOVs for transmission and
retransmission, ‘
15 (2) RTP/RTCP Transport Engine Server )
a. Handles transmission/retransmission of GOV
data, ‘ ’

b. Includes CRTP (Server), CRTCP (Server),
Logger (Server), and Push Timer,
20 (3) CRTP (Server)
a. Constructs the RTP Header from the related GOV
information,
b. Handles RTP/UDP connection,
¢. Handles packet transmission,
25 - d. 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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b. Interprets RTP Header and extracts RTP payl oad data, c. Reconstructs
Gov, (10) CRTCP (Cient) a. Sends out retransm ssion requefé l\/% Eecei ves
any retransmi ssion-forbidden 15 notice, (11) Logger (Cie 9 Y rds
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 RTP/ RTCP Transport Engi nes, wherein, (1) At the Stream ng
Server side a. Raw GOV (f tomRaRsEncoés)testhasbecedernto the Data Li nk

Buf fer (Server) wthgel qirlqd/R.f@lﬂf&{Qg@f@nEﬁggﬁea@l@@{@ trate, GOV
duration, GOV size, etc, r}ﬁw nmenory _node is allocated to store the

new y i nserted GOV with |1as ARG kRS Q‘QVoﬁi%?lEﬁceSUlE‘g *RTP/ RTCP Transport

Engi ne Server takes one GB/ mnosudéororie @@ vertd Nk dufder (d1Seswvey ) .andl.
RTP/ RTCP $ansport Engi ne Server cal {:@eat eﬁ t he RTP packet duration
according to the GOV bitraté: i RTP packet size, 35 e.
RTP/ RTCP Transport H#gi ne:'EEEErv(ellm‘tts) the Push Ti mer, -13 20 I\/ay 2005 f.

When the Push Tiner triggers F&Iéﬁg’?ﬁ] C%BCN)
sent to the Cdient, (2) %t tl—f“laq%%fl ent "Si o(e ranspor ng| e
Cient receives RTP 5 packetmeasiizidi ng GO\/ data, b. RTP/RTCP Transport
Engine Cient try to b. InterpretsRTPHeader and extracts RTP payload
10 data,
c. 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 ofthenormaldatatransmissionbetweentheRTP/RTCPTransport
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, GOV duration,
GOV size, etc,

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

30 c.'RTP/RTCPTransportEngineServertakesoneGOV
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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reconstruct the GOV, c. RTP/RTCP Transport Engine Client inserts the
successfully recovered GOV into the Data Link 10 Buffer (%‘{Jw dﬁ Dat a
Link Buffer (Client) checks for any GOV that needs to be r s#89
wholly or partially and passes the request to the RTP/RTCP Transport
Engine Cient. 15 e. Retransmnission requests are proceeded between the
RTP/ RTCP Transport Engines. FIGS5 is a diagramschematically show ng the
overview of the data retfansiiesi thebBusbeRinas RTPORECE  Tretispulad RTP

Engi nes. _ | n gener al, ; there arﬁaéﬂ@ttfﬁﬁ%n{éhtr@f Gé*??”.ﬂé%ﬁ@ tc?Qhk—:- @.Lxerhl“e
retransm ssi on of sg&ale RTP packet and the retransm ssion of a whole 'OV

The corresponding rddflestid ditee GhiritfedShye CRTCP, which real | zes RTCP

protocol. In each retrangli SSIP/RTCRTeShspbhte KXY S€QUERER: NEEBEeaNIE t S
RTP pack sequence nunber are defl ned as. t he fé‘g{fdéﬁtf RTCP packet. 25

Upon receivVing such RTCP reqid&iKethe" QT i1 try to
retrieve the designated GBV fRTEVMRTEP Ddranspake tBuhigine( SeLveny asryong as

the designated GOV is still t ut overwitten by new GOV.
For request of whole GOV, th)'heec'ro‘?ng\éaérﬁpcg %)S%(?kgw Il try to push the

desi gnated GOV to the 30 €i MP/ﬁ%WWWSEDGGnErChUEMtMmSm the
packets. For request of sin éDsﬂ?ﬁ%?&ggtsapgréhréé‘mﬂﬂ:osﬁh\ég?aEé'ﬂi‘fﬁko“t

the correspondi ng chunk of ata fromth nat ed accor
RTP sequeifte number. Then t h&Wif¥an Gt e ver pushes the correspondi ng

chunk of data to the Ciegt mwmﬁ]&%aa%et(@ﬁléﬁtﬁome@ﬁspp@ﬁléﬂfcokzn

the case of multiple RTP pack ts Ioss(g/E of .one GOV, r et a‘g}ém si on
requests of those RTP packeté" & BHS y%@V\FFFrBBSF‘& blY oRE.

However, if the designated Gpértially | anderpesdad i rfha Nréfaecbat adi ske
Buffer (Server). e o o IRAYB Wal B SoaiL Gppthe Sireaming
15 e. Retransmlsss.on requests are proceededbetween
the RTP/RTCP Transport Engines. )

FIG.5 is a diagram schematicall}} showing the overview

of the data retransmission between the RTP/RTCP Transport -
Engines. In general, there are two types of retransmission,
20 i.e., the retransmission of single RTP packet and the
retransmission of a whole GOV. The corresponding requests are
handled by CRTCP, which realizes RTCP protocel. In each
retransmission request, the GOV sequence number and its RTP
packet sequencenumber aredefinedas the fields of RTCP packet.
25 Upon recei{ring such RTCP request, the Streaming Server will
try to retrieve the designated GOV from the Data Link Buffer
(Server) as long as the designated GOV is still there without
being overwritten by new GOV. For request of whole GOV, the
Streaming Server will try to push the designated GOV to the
30 Client assoonaspossibleinmultiple 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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5 a RTCP packet. Once the Cient receives such a reply, it marks up a
retransm ssion-forbidden flag of the corresponding GOV in the Data Link
Buffer (Client) to indicate that retransmission is failed M 005
retransm ssion request should be re-issued. Retransm ssion RTP packet is
processed as sane 10 as nornmal RTPpacket is. The retransmtted data wll be
Inserted into the corresponding GOV in the Data Link Buffer (Client) as
long as it iswitlili bewkssing éne hertecddercvertakifngheudesighatedt Gevia a
Li nk Buffer ( f.on i ransmtted.
The process |?tr| El)g&é%%&b Plhcr}éSfS |tr11%2)rbtai(é§r\1/i3fn&g%gle ulo(lgé%:r‘éeg%)v’e:&e

Fur t her nor e, Pﬁléltgd‘éVermS% tendpy some RewrHE Rl tth%ﬁ‘éﬁﬁ@@ﬂ-@@ $@1§Vﬁumllt he

nunber  of retERNE §étQanéﬁ\qg@;%ntq&;ﬂou@a%ameﬁygé%aﬁ@emhQnEechéddaﬁ ed,
e.g., less than_n t:pne%qt he case of retransm ssion packet being lost,

si nce ret rans@iZEFB C9H§ﬁ’n%h? e 1S REFRSVESHEREMAIERPAY (weF Imanlss 6
is a di agram spowi Jﬂ@t:fé]lesxﬁiﬁg@bﬂFeoleHHénEﬂ&@d@ﬂ tH R 2addeiiondhey iBE

packet in the,present inhvention.is nded ever al di tional header
fields to hel EJPL % |f{|t§nd L%ac@éﬁ §TaBPe in %é &5 ndhat
the fields inreheanzhiEstieondis fla'EBqahaﬂémO mhtthnsmlsladlwn b@dma\st'léaimlue.dl )

RFCL39 PLAS T FECIRBBC AT M seb R B RarChaadt 1 sdsre Tr ety

PT7As in WClss@g@wmﬁBmgcmtR%wae ety @EmNH QD5 t Tiwid 19va dpBRis eidn
RFC1889 SSRC324%o! PnEFEdBB8sponding GOV in the Data Link Buffer (Client)

as long as it is still waiting for the Decoder’s taking out.
It is the Data Link Buffer (Client) that checks for any GOVs
needing to be retransmitted. The process is triggered by the

15 insertion of a new fully recovered GOV. Furthermore, in order
not to affect the normal transmission too much, the number
'of retransmission request for the same GOV data should be
limited, e.g., less thann times, in the case of retransmission
packet being lost, since retransmission will consume the
20 network bandwidth as well. _
FIG.6 is a diagram showing the structure of the Extended
RTF Packet. The RTP packet in the present invention is extended
with several additional header fields to help packetize and
depacketize the GOV. Table 1. explains all the fields in the
25 Extended RTP packet, which is shown below,

Table 1. Fields in The Extended RTP Packet.

Field Size | Fuanction
{bit)

v=2 2 As in RFC1889
P 1 As in RFC1889
X 1 As in RFC188%9
cC 4 As in RFC1889
M 1 As in RFC1889
PT 7 As in RFC1889%9
Seq Num 8 As in RFC1B88%




Profil el6Extended Profil e Lengt hl6Ext ended header |ength TxGOVSeqNunB82GOV-
Sequence Nunber used in Transm ssion Trl6Total RTP packet for this GOV
Cr16Current RTP nunber for this GOV SENTT32Server Esti mat ed2Nday 2005
Transm ssion Ti ne dwGOVDat aBuf f Si ze32The byte's nunber of the GOV data
buf f er dwGOvDat aSi ze32The actual byte's nunber of GOV data

dwPr evi ousCI)\fBl-t-n;a-t-eszilihe—bl_t_La-t_e of last GOV dwCurrent GOVBILtrate32The
bitrate of cuymiert seRMpdwCurrent GOVPTS32The |st ant i 1g.PES @&frcaygkent GOV

dwCur r ent GOVIDUr at 1 on32The duration of current GOV dwCurr ent GU\/beqNurrBzme
uni que Sequerlv R wber of current GOV _DadNuOE Eﬁ&ng:

current GOV d\B@dl‘fﬁ.eat GOVTr ansm ssi onSeqNunB3The st r aSdHs2Ue@N pTeGUERCE

nunber of cufrent GOV FIG 7 is a diagram shgw ng the structure of the User
Appl i cation RFERZPRcket—RFCPis—used-t-o—serd—the L2 ' 3

for the |ost |RkBopaekets. Table 2 shows 5 al|l the ficelvdsededd® MdaBEr used in
Application RTCP packet as follows. Table 2. The Fi g—;lgl ds in The User

Appl i cati on RFEP-Packet—Fielt—size—tureti-of—{birt-—F6 3816528005
Tr ) 16 Total RTP packet for this
GOV
Cr 16 Current RTP number for this
GOV
SENTT 32 Server Estimated Next

Transmission Time

dwG0OVDataBuffSize 32 The byte's number of the GOV
data buffer

dwGOVDataSize 32 The actual byte's number of
GOV data .

dwPreviousGOVBitrate 32 The bitrate of last GOV

dwCurrentGOVBitrate 32 The bitrate of current GOV

dwCurrentGOVETS 32 The starting PTS of current
GOV

dwCurrentGOVDuration 32 The duration of current GOV

dwCurrentGOVSegNum 32 The unique seguence number

of current GOV

DwNumOfFrame 32 The frame number of current
GOV
dwCurrentGOVTransmissionSegNum 32 The transmission sequence

number of current GOV

FIG.7 is a diagram showing the structure of the User
Application RTCP Packet. RTCP 1is used to send the
retransmission requests for the lost RTP packets. Table 2 shows

5 all the fields in the User Application RTCP packet as follows.

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

Field Size Function

(bit)




V=22As in RFC1889 P1As in RFC1889 X1As in RFC1889 Subtype5As in RFC1889
PT8As in RFC1889 Lengthl6As in RFC1889 TxGOVSegqNunB2Request ed GCN Sequence
Nunmber to be retransnmitted Request ed RTP packet nunber to 0 May 2005
RTPPacket NunB2retransmtted, if equal to -1, retransmt the whole GOV
Spar e/ Unused32Reser ved for future used FIG 8 is an operation flowhart
schemati cal | y—shewng—t-he—operation—of—a—RIPRICR-Tansport—Eng-nre—Server.
A RTP/ RTCP |%eansport Engl ne 2Ser eys iis wespewsi bl e for segnentize and 5 .

packetize GOV_I nto RTP padkets and pusﬁ those RTP packets to the (ilent
t hr Ough t he uPr ol ess not \AELE I/ ll\f t avs | gﬁp EJQ'D nar-l/af o f haf Cnnf :n I CD\/

v T T ©CJ TToT vig

data are reassenbl ed intd awhol e @Wbyl IRlHellaebp of t he reference nunbers
i n each RTP packet, i.e., |Tx SeqNum, cr tr. Because 10 UDP padket
may be | ost Jagu F{P% e attihe—destiAgt :%nREC?Qgﬁt of—sequence—the—RFA/ RTCP
Transport Engeme has to _hcndl @ trasprlacaednﬂgsprobl ens. There are tRhree

types of RG | , 1.le. ' W\AS’ :.p gglsiﬁgeg;,n and Last RG whereag New

; Q'lg S - ac PP
RGis the f I;IauIICIIL of—thre (Juv, Ro—+s—t+he~tast fluylltnt eff 15

the GOV, and Th@ovwl\r\a@s aresM dleeqR@steEI @V Iseguench aymamr showerg t he
structure of acorrplete G()\/with R g?ﬁ_/? There arethree caseg for a
RTP packet afrtvimgat—ttgCHent ,zgei(:g., Lllcé?{rr’ packet—betongs—to—the

current expefRBEP@RAtNYM |t he3 B0V | Reaueshed| & TRawe dkeen meteivede bekgre t he

current 20 egpected GOV, qr the G)gettgghsﬁggygg belgecghggg atter _the
current expefted GOV. Correspondi pgl ave three efinitions,| i.e.,
Cur r ent | nSeqRG-—Laggi ngRG| andl ea iFﬁ@Rﬁ;nsmFF@hq ' RMFEGEhe classifigation

~of the above| §hsee/ R I|G bl i $rabePPehatlPN: RO AfRSHOW NG the
processing -I7

++

FIG.8 is an operation flowchart schematically showing
the operationofa R’I‘P/RTCP Transport Engine Server. A RTP/RTCP
. Transport Engine Server is responsible for segmentize and

5 packetize GOV ifit';o RTP packets and push those RTP packets to
the Client through the wireless network.

At the Client, RTP packets that contain GOV data are
reassembled intoawholeGOVby thehelpof the reference numbers
in each RTP packet, i.e., TxGOVSegNum, cr, and tr. Because

10 URP packet may be lost or arrive at the destination by
out-of-sequence, the RTP/RTCP 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 1s 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 expected GOV, or the GOV that should be received after the
current expected GOV. Correspondingly, we have three 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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20 May 2005 operation of a RTP/RTCP Transport Engine Client. FIG 12 is an
operation diagramlisting the main nine different processes of a RTP/ RTCP
Transport Engine Client upon receiving a RTP packet. |n a2fdWaui2005
transm ssion, a New RG should arrive at 5 first foll owedbysomeM ddl eRGs,
and finally a Last RG V\,hereln all of the RGs should fall in the
CurrentInSegRG cat egory, ., cases of 1, 4, and 7. For instance, if the

Last RG of aOEﬁFF‘EhPPngggR@T%/ﬁiT)%? THINSHRMY RNCH I SHsisoie - BHG -nd 20LBent
will receive anNew R Wt BQH&rSh@%M&é‘@hE%&%u@élf-@@eﬁ'f@ Eogégség

nmust cl ose the current the inconplete Flag being set”and iInsert
the current GW c’rtrRT)Pfﬁ’éCBaTaauﬁnRrBuEnmn(sGlilmm; upeforecet vgogs at BTP

handl e th ly. h
one. RO packoth TAT e Rebdlad e TIe B Y At S NEehBA Ll REYARRdeeny

trate ‘nt r ol anrsm i
i nvention5 15flssc1|f¢|1d@dladrmoSDleha1dé@cRG%sand fenaltlhea dae ttRG dehbrennt I

the scenario t r d decr n not her one
to poll the c%jr)?en]% ne%]\;\e%(\rﬁ\g % awwe r](i:{]:)rl}ee T %e%s(?a?'ﬁ ggr}gm te
satisfactory soet ha¢a$éae aftly, bit raatce 7co@od lbaspasszlebl nyEhennaeasad &0
mat ch t he net L si;on  of trol is pendent . on the
status of thé tr:gen ﬁ'%eeg(}%cé?l &ti Tt h&‘&z#@ﬁ R LT Y’% i’t‘?’&%\l
i nformati on GﬁlPﬁﬁbeélk}@%N&me chamﬁmtsﬁ @@rréht@mv Wﬁéfore

Retransm'rlﬁy on Rate gnd Su cessful 25 Pack ?'\e Ftransm ssion_Rate. |n the
current t-Avem’ JHS tth El CREBERE OV (A hF FRCPER)ERS Bi-agfping

storing GOV dadtlandQn=RGid fige chife Bl £n €O BheWa L OARBLIFFRr fd0i diSEHI NY
retransm ssign request. The basic attribute of the Data 30 Link Buffer

(Cient) is PIEME oFt @RETJRNanhie Hhe NayeRh Rpcket h&FUriemere: 20 My
2005 //this defddid] eRslsSthot 4 B6vERPR} AdsUnFRE Packet EP BRGdd$red.

receiving status //It is for the retransm ssion Searching and | ost packet
witing typedef strite BRIFRGENGRToReS MRechapism in the current invention

15 is divided into two categories, i.e., the one to deal
with the scenario that the network BW (Bandwidth) is
decreasihg and another one to poll the current network -
BW when the current streaming status i1is gquite
satisfactory so 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) is responsible for storingGoOvdata, 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 isg
defined as the following.
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DWORD dwRTPPkt No; // RTP packets nunber in this GOV (the nth RTP packet)
BOOL bRTPPkt RecvSt atus; //correspondi ng receiving status RTP
PKT_NUM TO RECV_STATUS; //the definition of Stream ngd ientZ&Mau29Qs Node
structure typedef struct Stream ngC ientDataBufferNode ( LPBYTE pGOVDat a;
DWORD dw@OVDat aBuf f Si ze;  OANORD dwGOVDat aSi ze; DWORD dwPr evi ousGOVBI tr at e;
DWORD dwCurrent GOVBitrate; DWORD dwcurrent GOVPTS;, DWORD

dwCurrent GOVDur at i on'mmﬂm&fm‘@aﬁmrﬂ@mpSeqﬂttiwwvlnu BWORD dwNunOf Frame; DWORD

dWCUT r ent GOVTT ans i St that e poi T el that points to the GOV data
buffer # the byte's nunfigf° @rEEEE GOV datigl BEfT ey - it M wctregr byt e' s
nunber of GOV dat a /ktrlreT_bmtoatossofiusl ast GOV //the bitrate of current GOV

I1the starting PTS QfeibthdoBMdamisZdMoasbdd b seidt at i on of current GOV //the

uni que sequence nurrb@rie's(yﬁsgww@méfﬂde(//the frame nunber of current GOV
LP taf_.lhat polg to the QOV data bufter

1/t he uni que sequence n_uﬂ?@aEi ﬁgeﬁ'ﬁwﬂﬁﬁnt Qv //%m‘:-s hber J the@BEGEH ko ON pUr pose,
this value is obtained fINM JEFEHngSer ver DR QRERECOVRTPTr ans SeqNum

/1this value is from thewaiPacay@pyendst S for #mettanssr®si on to di stinguish
GOV bad bGOVConpl et ed; FWoRE AlYrRI B hacket | s Ji8ke ToRSTHPS Gov, //this

val ue shoul d be false bdggggg);@wiﬁfagig@@wumll It thi;ﬁ:r#ﬁ@ewue@aﬂ%@@ﬂsew hen is

true boo[ bRetransnit Perowoss moiremabiikdmtiQnGV mnmdailaer o ek and cannot .
be retransmitted //this value should be fal séPINEHETPESE e 1G] ispganed fmS pgmiogServer
size of RIP packet |nt nhded RéRRaEKEhBIINN hshROyotBRYP R IR 10 Btde@isth tfa@ifguid ivs
GOV RTP_PKT_NUM TO RECV*STATOS ™ R{DRTPPkt Rec VS al WL Rt s points to

an array whose size |Is tw NERteERviRT PPack et Num¢ this is a biank GOV, than is true

bRetransmitParmission; it the GOV i3 not completed and cannot be retransamitied
/this value should be false
It nRTPPackseiSize; Jithe gize of RTP packet
Int nTotalRTPPacketNum; Ihow many RTP packets for this GOV

RATP_PKT_NUM_TO_RECV_STATUS* m_pRTPPkiFRacvStatuaMap;
Hithis points to an array whose size Is the nTotalATPPacketNum
{fthis array is to indicate the status of the ATP packets
/ftrue: the RTP packet with the cormespanding number has been recaived
/ false: the ATP packet with the corresponding number has been lost
fidapending on the nTolalATPPacketNum, this array should be dynamically adjusted

} STREAMING_CLIENT_DATA_BUFFER_NODE,

Moreover, there are four basic interfaces in the
Data Link Buffer (Client}.
5 (1) ReadGOV ()
This is the interface that is exposed to the
Decoder for reading one GOV from the Data
Link Buffer (Client).
(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
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[/this array Is to Indicate the status of the RTP packets [ltrue: the RTP
packet with the correspondi ng nunber has been received // false: the RTP
packet with the correspondi ng nunmber has been |ost //depend2®layn2@0ie

nTot al RTPPacket Num this array should be dynam cally adjusted } STREAM NG
CLI ENT_DATA BUFFER NODE; 5 10 15 Moreover, there are four basic interfaces

in the Data Link Buffer
i s exposed to the Decode

FonTRILR nbrSHERRH o 8% BL Tk Bucrer

(dient). (2) Insert@V Oillgsritdiriche oméer Race tlhwmtkes epposkdatio thet

RTP/ RTCP Transport Engi ne
I nsertBl ankGOV () This is

Ko SPFeact CRAL A CUVead' 10 EAF TBFRFCP

Transport Engine C imhttHercuissit i dgvadd ek, G dhat a bas th-dat BaksAtco

the buffer. (4) Insert GOVRTPPacket () This is the interface that is exposed
to the -19°20 €508% KYY RTEP ST 9h8port Engine Client for inserting one

RTP packet payl oad that
current invention, there
25

hel pngsohPlateerg@yn GOV into the buffer. In the

are_three basic 5 t};pes of GOV, wherein, 10 15 20
=]

Refers to those GO whose RTP packets can
be received by the RTP/RTCP Transport Engine
Client in-sequence, fully, correctly and in
time; therefore, it can be reconstructed by
the RTP/RTCP Transport Engine Client
successfully. Complete GOV 1is directly
inserted into the Data Link Buffer (Client)
as a Complete GOV node through the interface
of InsertGOV (). The sum of duration of all
the Complete GOVs in the Data Link Buffer
(Client), which have not been read by the
Decoder, is called the Remaining GOV
Playback Time.

{2) Incomplete GOV

Refers to those GOVs whose RTP packets are
received partially due to the Packet Loss
or long transmission delay. The RTP/RTCP
Transport EngineClient canonly reconstruct
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
by retransmitting those lost RTP packets if
possible {as longas theoriginalGOovisstill
in the Data Link Buffer (Server)). If
retransmission is successful and the absent

data is recovered through the interface of
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30 (1) Conmplete GOV Refers to those GOVs whose RTP packets can be received

by the RTP/
in time; t

RTCP Transport Engine dient in-sequence, fully, correctly and
herefore, it can be reconstructed by the RTP/ RT@DMW%QQ%H

Engine Cdient successfully. Conplete GOV is directly inserted into the
Data Link Buffer (Client) as a Conplete GOV node through the interface of

| nsert GOV()
Buffer (d

ont), whi oh hAUE SErCHYAN TERARST [ he i datr B o FRA B

ient), which have ho r,"1sS ca

Remai ni ng GOV Pl ayback Trreeo¥&yekdntaniletel 80¢ Referandloi tosi a@sonhose

RTP packets are recei ve%ﬁ@lé#gﬁgb%gf}gﬁsr %Ii‘(%tiflé-,?ﬁsgsggﬁf gh%;\);;back

transm ssion delay. The

reconstruct
QOV into t

I nsert GOV(). The system w

| nconpl et e

a GOV with sgimelaia heiengnaksertabadliansiesh . the | nconpl ete
e Data Link Buffeir P&Oienéb t hrough the interface of
Bt BFacr808ver the absent data of the

GOV later by retfewnsnt bt tAG ddhasevloshoREP weskghekdt s possi bl e

(as long as the original GOV is still _in the Data Link Buffer (Server)).
If retransmission is sucB8sfHRPC&IF ¢fe RibkembBosgt &£ 9 5L paddver &PY h# bugh

the interface of -20 20 May (2005

pseet GdRPacket Rk HPEp! Deam st £ COV
will b d t he

y |
is recovered to Conplete GOV and its duration e added into
Remai ni ng GOV Pl ayback TEREinet Hel masdesatedraeporhe sequence of the

10

15

20

25

30

received GOVs, the RTP/RTCP Transport Engine

Client will create a Blank GOV and insert

it into theDatalLink Buffer (Client) through

the interface of InsertBlankGOV(). A Blank

GOV resides at its should-be position in the

link and is recovered by retransmitting the

whole original GOV later (as long as the

original GOV is still in the Data Link Buffer

(Server)). If retransmission is successful

and the absent data is recovered through the

interface o¢of InsertGOVRTPPacket(), the

Blank GOV is recovered to Complete GOV and

its durationwill be added into the Remaining

GOV Playback Time in the next calculation.

In the current invention, the collecting of
Bitrate Control information is triggered when the
Decoder is taking a GOV out of the Data Link Buffer
{Client) whereas the checkingof retransmission tryouts
is triggered when the RTP/RTCP Transport Engine Client
is inserting a GOV into the Data Link Buffer (Client).
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. 15 isatime sequencediagramshowing

the Bitrate Control message flows in the current invention,
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5 (3) Blank GOV Refers to those GOVs whose RTP packets are not received
but whose follow ng GOV(s) is(are) received by the RTP/ RTCP. Transport
Engine. In order to keep the sequence of the 10 received cxaM Q9rp/ RTCP
Transport Engine Cdient will create a Blank GOV and insert it into the
Data Link Buffer (Cient) through the interface of InsertBlankGOV(). A

Bl ank GOV resides at | shaoul d-be position in the 15 link and i.s
recovered by rEFeihi ##%ngm#elsmﬁolté”?ﬁi a?ﬂﬁﬁn%\/#‘ﬁ%’f%a?gpﬁ’ﬁ&gastlﬁ’le
original GV iretddddmidside heésadenk1BuEl en th&eEMetknk inkfention.
retransm ssion is successful and the absent data is recovered through the
20 interface of |nsériCCVRIFPAEkBFT T S0W g Bk PEOr eSS Qbrsképeditrate

Conpl ete GOV ahtrdis pdidiadii wHd e, addedoirnti® tthee RegREN REenSNing
Pl ayback Time in the next calculation.” In the current invention, the
col | ecti ng®of G5 B avyheckdnitmel inntdenBeicénLilnk Byféead (WHehepkd . in

Decoder 15 talgdifed MU 100wt DEAALA 11 NinBUBLIoa 6 £ beR) Wibekean1ie

checking of retransmssion tryouts 7is triggere .
Transport Enghesafientthescunsent gl €0vdi GOV st wd tHavatlenkBudéring

n the Daia LA BTel irertaR e kRe, ARU < ofg ke oty SRehER S g

the process oft0G0V areddB hgnknGOve Datly domkBeftfeeGQW {Ene) ,. clixGedbliys a

T seaegce s aongg b Bl she gonta] qERgRIS I oty bl

di agram show kg lidwel aRdtrrartdne 95 pal essada floweoV el aghatk enimenvehel on.

LS T g koo dbeprocessaof M9 B LIRS, Glacery
realizes the variable bitrate control, is a Sliding
Window Monitoring system. At first, the Upperbound, the

15 Middlevalue, 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 the Middlevalue.

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 enocugh
to support the current streaming bitrate. There is no
necessary to adjust the encoding bitrate for such case.

25 If the Total Remaining GOV Playback Time ig in the region
of (Upperbound, Middlevalue], it means that sometimes
in the buffer, the GOV leaving rate (caused by Encoder
takingdata) is slower than theGOVarrivingrate (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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5 GOV Playback Tinme in the Data Link Buffer (Client) , in other words, how
long will the Decoder play back only based on the current buffered GO\/S

wi t hout considering any new inconing data. Among Conpl et e Zblay 2e@%mpl et e
&V, and Blank GOV, only Conplete GOV (i.e., correctly 10 recovered GOV) is
considered as effective GOV when calculating the Total Remaining GOV
Playback Tine. The data buffer nonitoring scheme, which ultimtely

realizes the \%‘f@ﬁ%p@dﬁ)l twat Bactnt £ol deior easki dilmy ENCodtae worén opidigig
t he Lower bound

system At f| t er bound, 15 M ddl eval ue, d
but fer | evel s B % E&f Léﬁ‘gd ma&P%?glﬁean‘iﬁ%a TRt ﬁ?’aft}%\%k DEGRARF & he
buffer. Those dnitée hlgﬁy@lr%g‘&fanéléf‘é ol‘fh@h!@@%én% s Shicdl B¢ é%acmvtwb%k

which the initial _pl ayback time/current playback time is set to be the
M ddl eval ue. S®RHEHAGHE T%{lthRerﬁaeﬁmﬁﬁgh@aﬁ.Pl afbabie HakafaRemghning

between the UpRgf bP!HBSi/}:?eUé’kt he rtovesbound, nEhe NELYRr i £ bapdwidtdl,  $,38i d
to be acceptabl e, enough to support e current stream ng
bitrate. Theré*qvi;eﬁbourﬁb%)essla& WQ@nacﬁhét'— $ hmedricuel ricn Bihe dref for ,suhle

case. 25 I thyTol Bho T plne aBLabask Bmderl R afietedian of o

(Upper bound, M ddl eval ue I f eans Chat so Imes 1'n
| eavi ng rate fesised btflaEnctdderGONalemluam@) r«’stel cbmusednb‘ghmm:’ork

arriving rate t.wor k t r|v her rds, the
30 Decoder's gecccgécjlsaﬁrgrrgfylél sl\%s?’l om§? @n iRe r%a% ijfgte osﬁv‘&f %Fal
Remai ni nglCGO\/oﬁi aybbek Tmensmieqpibnor devey tHes Up@er Bdund, liotngeansot hat

t he Decoder’ codi n rate 1S too slow. 0 pre ent_1he Decoder
from-22 20 Nﬁf%ﬁﬁ)% P& H28, 1@@%%%%595%@5%;&@8% 8(5‘@”%18%%@ Vng
bitrate to a pammbkersmagest@qmuc@rtﬁmBecmﬁernéwe&mmhputrr@@@ﬁdl ess

of the health state. of the network bandwi dth. On the ot her. han |f the
Total Remi ni ﬁg‘ %5‘ &Mlﬁcﬁrfﬁof:ss‘?ﬁt?ﬁél FBG SREEET faddt 2P

any more, either because of frequent packet loss or long

15 'transmissiondeléy.InordertopreventtheDecoderfrom

hungryof data, 'v&e have todecrease the Encoder’s encoding

bitrate to a reasonable stage to match the network
throughput.

As the Decoder can be easily upgraded to a high

20 performancemachinetosolveits throughput bottleneck,

the Bitrate Control mechanism in the current invention

mainly focus on the network detericration case, which

physically is out of our control. If the pa'cket loss

happens or packet transmission delay is longer than one

25 GOV playback time, or any reason that will result in

the absence of the expected GOV, thecurrent buffer level

{the Total Remaining GOV Playback Time) will drop. For

instance, when a playback starts, the buffer level is

set at the Middlebvalue. If packet loss happens, the

30 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




Lower bound) , it nmeans that sonetines in the buffer, the GOV |leaving rate
(caused by Encoder taking data) is faster than the GOV arriving rate
(caused by network data arriving in) , in other words, packeMayod¥Hhappens
10 or the transmssion delay is a bit long. So retransm ssion is
necessary. |f the Total Remmining GOV Playback Time is equal or below the

Lower bound, it a t hat the_netwqark cannot sustain the current data
b trato any st Ba Gt fER L tee Bl BT oI PORR PAC T BEe OF S ParRC eu
transni ssion del@youffeer deivé D Pigieobrdtnbocedsy drep berdiysef tdatd we

have to decregse the Encoder's encoding bitrate to a reasonable stage to
mat ch the net ot K1© thBugRYUC OREEhd TDdCdHRr teaf el aRi FReupfrereaies a

high 20 perfaripaseiRCHOgoR SOty RELS dbEOoughAyt Bettiengelcndberne
Bitrate Control nmechanismin the current invention mainly focus on the
net wor k det er LR T BA USdEe WanRPEN 1 phgstkakl shecwurest dmasphtrotwork t he

packet | 0SS _BaRReReaeh Rafkel ! EaRINSe! O Uelay 42 | 998" pidrappe go GOV
pl ayback time, or any reason that Will result 1In the absence of the

expect ed GOV, figwrd chacdnt thef fdqecievein tohdlTot Endedarniand GO v ayhack
Time) will dr F, | Nt ANGS, b he . buffer | | is
set at the M %%ice %/)Jz:i He.ﬁﬁ?x pack\tlaé%1 %ggwﬁg%pgﬁ}s(%%g:%algtbug eéFJ lcg.%{%{m%”
drop to (M ddLevettiecunt) ad tehet hextDetodbr tMakddlewa GV dndmsdiet bnif er

as the expect Ggéea_nnog arrive on time. If .t | ost. packet can be
retransni Ftfed%lﬁjlr‘letl X,Ct t ha E’t?ffgppleer\%?uvnm 1938 b ‘Bwe-%é‘iﬁélva‘&’lgg‘%the
t oM ddl eval ueprBidefined Stapd (Die tkatket )| 0smem roed Wo thidheehuf-fieg-bevel
wi || continuoysl ]gro beca there, is no new GOV conming in tinme to fill
up the vacancﬁégyd ?Yg}uﬁ‘elﬁc’i}a@rSf&&‘é‘stjo%?e%%’.mf? W?gﬁgacﬁééet%@“g
Lower bound, weaoean€d tide ddih stheerctir driil ( pasit)imebworke chand ghh rapgot
support the current data bitrate, ng . ,
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 decisgion
20 levels will be reset to the initial values, whereby the
buffermust bere-filled totheinitial 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 Plavback
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
Decisgion Sliding Window, and reset the
Polling timer; otherwise remember the
current state and check whether the Polling




feed back the decision to the Encoder and nove the Decision Wndow
downwards by setting the current Lowerbound as the next-to-be M ddl eval ue
and setting 10 the next-to-be Upperbound and Lower bound wi t RO 2005
predefined Steps (D stances) conpared to the next-to-be M ddlevalue. If
the situation beconmes worse, the sane downward adjustnent will continue.
Because in live streamng system the buffer cannot be re-filled w thout
15 pausi ng or stopping thedeeodiisg tprogeses,edt is unavoidable that the

decodi ng process nusgspe pagsefe O, 55 QPRE: t R deL 40 Fexbiddgth er
when the O Lowerbou(tndpi S reac,gd, ?.e. , I%tehereei S no (t%orrliﬁ%teel gitlr%q{%e
buf fer any nore. Forsuchcd&®lliR€ buffer decision 20 levels will be reset

to the initial val uesg) whey bha1ingfenamisdsbe kerd ibbed ity themen ti al
M ddl eval ue then the )Dl aybac ge}Ln be resuned. The nmain process of Bitrate
Control can be sinplYy’) deddriBedlddbeFiceRAp1) CorPregQ the @RFeAing

Remai ni ng GOV Pl ayback Tiiecratehe buffer, (2) Conpare the Current
Renmai ni ng GOV Pl ayba(%) Ti e to t%e curr nt DﬁﬁLSi on Sliding Wndow, (3)
Make decision, 30 (4)"1f RS 5 ﬁaor{rbe & e ding bitrate, then send
the nmessage to the EtlsbdeérisadiimgramehoRéopditonpsbodssg iMakdng Bndrateset
the Polling td B, 0tHg W renenber the current state and check whether
the Pol | i ng -24 20 May 2005 5 tiner_is triggered, (5)If the Polling timeris
triggeredtUstart PoflfiGhd8 (I6) Sopl Forstrtaye déagtamhehpyingnghe ic
(7)1f Pollingaa#Ge8ad%ns of the Bitrate Control mechanism. FIG.19 is an
illustrative diagram showing the normal playback 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 mechanisin.
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 pleriod, the
network BW ismuch probably higher than the current databitrate.
The network bandwidthpollingis 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 thepacket lossrateof thePolling exceeds a threshold,
the network BW cannot support thenext databitrate stage.

35 Otherwise, the encoding bitrate can be increased to the
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change the encoding bitrate, (8)Repeat fromstep (1). FIG 17 is a diagram
showi ng the process of Making Bitrate Control Decision. 10 FIG 18 is an
il lustrative diagram showi ng the basic definitions of the 2 Mayt 20@pnt r ol
mechanism FIG 19 is an illustrative diagram showi ng the normal playback
scenario of the Bitrate Control mechanism FIG 20 is an illustrative

di agr am show r}geicbeh&g%@ifks@%tgeéi O AL, SEENQIE QS éﬁﬁd&%ﬁ%ﬁgéﬁgg Y

Control mechanism FlI is an illustrative di agram oW ng

poor throughpRO5édmari bsofmehe Byaiate tlentPol liechaprsmesa tviel turbent

I nvention, th eTelol3 | ' Is vaillability of

t he next dat aq_:bAT?I?!rilélfe stgg%?éa{é%dﬁ?’f‘%gggetr:?%rlﬁg%é%%# gﬁ]cgocgﬁpggiﬁ%t S%r k
streanming is duiteessttigflactory and it has been lasted for a certain
period, th net wor | s.much prab L gher than th rrent data
bitrate . gThe net m@%wﬁgﬁﬁ%%&%l%ﬁﬁi@n&/gl%gtgr %Egg?}‘@& B\% &ﬁ’ee e hg Fiher .
Since during G Bl aybg gt diedarieathberor fel astreaand gl 53 i2bi kgPigAow he
Polling and t current. s{%ream’ régjvm Il’l ghare éBe sanme pandw dt h. )
Therefore, Thé Poft PHE T A i 2eh 68 Bhe dlfFEFORES bettReP I he1RGKE
data bitrate sttageldnthd Rerocubrent tat ahkidK atigethize Rohbi RS tysohRNdLed by

the BitrateAdapter g%i,e tg ﬁgﬁ the BitrateAdapter (Server), 30 whereas
the BitrateAdZPRECTESe %9&) HRheE2RPP Jdcb&tic¥s the Poiltlime Bapesr is -

(Qient) recordiinggeeddie PaL! sk #heakiindby e RehLidIeal f eals hae
current streaning performance or the packet loss rate of the Polling
exceeds a thr&ot RS TRAOSRISRPRIBNPGFEesuppaediatedoxt Fbfa BRtLate

stage. 35 Ot hgr wWisge &bBeuRK©QL ' t aleyy : < 20
May. 2005 next hi (;her st%le.. Nbrgg\??r%e[?fg?%gqggbﬁdﬂlﬂ?%o %%ep%%g bgngcf%%ﬁl S
met agai n, the Pol | TA¢%R doesnak herpeindopduprdd impdned ytanisidt ¢t heg

mexi mum encodiR@ Bl £1 streaming bitrate. This is also done by the

15 negotiationbetween the BitrateAdapter (Client) and the

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.




Is reached. S The principle of Polling is that if the Remaining GOV

Pl ayback Tinme has been in a certain Sliding Wndow fora pf?’rgicod | o enough
(e.g., 30 seconds) , the polling should be processed to c M er the
network can support higher bitrate. If before the Polling Tiner is 10
triggered, the Sliding Wndow is adjusted, then the Polling Tinmer should
be reset imediately. FIG 22 is a tinme sequence diagram show ng the

pol i ng pr &hess isThdracimesd aiot her kind of polling for auto-setting the
initial streamng bitrate. This is also done by the 15 negotiation between
the BitrateAdapter (Client) and the BitrateAdapter (Server) . The polling
will start at-thg mbgdle hevel dmiddec biviale stAdmln§t syish dherp! Liseg
is failed, then the next lower bitrate stage will be automatically chosen
for the nein pal |wigelenst metordde 2Haing f arheepdh-tiengnids soogession,
the next. higher .bitrate stage w l|l be_auto Lcal | ho f next

pol | i ngF5 Tﬁgggrﬁrlocgﬁﬁﬁiggl\fﬂ I t\f‘%‘ﬁeaf:aﬂnt %‘PE%P"B? Fg%(é& s?glée gg?gp'gﬁﬁgiy
wher eby t hgggakli ngren idazel-biitsatsjnessdml sdion thec pat&i ngecoortibhagnexb

hi gher bitrate 25 of it is failed. This hitrate stage then_is set as the
initial stFBanEvgiBiabla aetmogk ERndWIOH agiln SR glnEhrding:

aut 0-negot | ati o 1pr areguie. AN 20ABEMNAL disndl @l FRdrkse TondMdPECH

i ve unicast video streamng systemfor use 1na wteless networ

i ncl udi ng genemdttiagenMERhgests iompbe coprobdlileechdvmes mutivddo caata, for

aut omat.ical |y and dynam cal l adjust the data-bitrate/transm ssjon-hitrate
accor dilfig PB\éhtlﬁg 9 a‘ﬁ‘ée%e‘fi%il"ktﬁ’a dsﬁf'e?‘ﬁéngy ngﬁelrn?%d#ﬁ'éi?? ?%S: a
rate adapt tﬁ%b@?ﬁé 300! eapgOfid.e 8AGRERS Pl thaenS{dd gy MREerhtd Mphe
profile live video data, for 10 pushing live video data to the Stream ng,

Server by BETPLrIREcEhmIGHH aa bilANa tan¢ddrrald)taauigenert encodi ng bitrate in

accordance with 5 bitr%te contr ol regyirenent;
{2} a gstreaming server;

(2a) a data receiver module included in the streaming

15 server for receiving the MPEG-4 simple profile live video
data by HITP/TCP from the rate adaptive MPEG-4 simple
profile encoder through the LAN;

{(2b} an RTSP server module included in the streaming
server for handling a streamiﬁg segasion;

20 (2c¢) an RTP/RTCP transport engine server included in the
streaming server for segmentizing and packetizing the MPEG-4
simple profile live video data received by the data receiver
module intc RTP packets on the basis of GOVs, and then for
each GOV one RTP packet is packed as the payload of one UDP

25 packet and is pushed to a client through the wireless °
network according to the data bitrate, whereas RTCP is
implemented for transporting retransmission reguest and
reply, and

wherein, any possible retransmission request is received
30 from the client through a UDP connection, which loads an

RTCP packet containing retransmission request information,

and




(2) a stream ng server; (2a) a data receiver nodule included in the
streaming 15 server for receiving the MPEG 4 sinple profilg liv I_deo
data by HTTP/ TCP fromthe rate adaptive MPEG 4 sinple profﬁ'\ M%%@b er
t hrough the LAN; (2b) an RTSP server nodul e included in the stream ng
server for handling a stream ng session; 20 (2c) an RTP/ RTCP transport

engi ne server included in the streamng server for segnmentizing and
packeti zi ng thewhRE@i4r wpapl ergreivingl itiee vimtdo adwtml seiomi vekduedthe dat a

receiver nmodul.e intgo RTP packets o he basis of GOVs, and then for ach
GV one. RTPSHdRE | ©PasRod S T phoFoaT of SREUP 28 FHIGEE atfy FEe
pushed to atekhenhng hsomedr t hanwi ried ess  iBetfmrdd acens dirgnfid-ddegsat aor
bitrate, whereas RICP is - inplenented for transporting retransni ssion

request an@her ephglean@OVherei retapnpossiod e et thesnicddient r egdogt REP
receive the.cli t hrQug onn | . whi ch | oads _ap. RTCP
packet gonéglc%l%?ig re Er‘anssr%%snsi o%grelc‘]tal%ss%g% br ng:fq%ﬂoe%',%las\r,]%’ 27 20n%§9§685
wher ei n upenknee@iedgngnthe fr eisrinsddas: oot reqeesssian Lequd sk GVrhidned

searched for IB a gata i pk buffer in the_ streamng server, and if it is
found, thetPeftifr E4188Ea tHrovEGhe A STEFGORa WGt ransnitted to the client

using RTP 5 paC'f?E?OQS_b?LQ%t%S | b e QL e Whe ud@dnﬂgfitﬂ&'yﬁt%tzf aming

acknow edgnent of rbi dden-retransmssion 1s to be returne ec
t hr ough ans®&roPrciamelmplehntzaing t aabd tadam exdawiat Bon npodedoln difte a

stream pg _server for i ment | a bitrate adaptatiqn protjocol and a 10
net\/\op‘wbaﬂﬁgfafrﬁ &ﬁlﬁ%&% otp(?&glqntgo BFPgWPEe g‘?ré‘&ﬂ‘i 9 Eg?veﬁ‘tW%a'H%%eed
Wi th bitragercentreb taskeeut hwibs ©likeBke andnMieyiei nadid r afaLoNtK Q!
information_is received from the client, and bandwi dth polling is

proceeded @8Nt heand |
wherein, bitrate control information is received from

the client, and bandwidth polling is proceeded with the
15 cooperation of the client, and
wherein, a bitrate decision is . forwarded to the rate
adaptive MPEG-4 simple profile encoder through a TCP
connection; .
(2e) a data link buffer included in the streaming server
20 for storing the MPEG-4 simple profile live video stream data
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,
25 and
wherein, 1if the speed of GOV reading is slower than the
speed of GOV inserting, overwriting the old unread GOV is
allowed with resynchronization of the read and write
pointers by resetting the buffer status and dropping the
30 rest unread GOVs;
(3) a client:

(3a) a rate adaptive MPEG-4 simple profile decoder
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15 cooperation of the client, and wherein, a bitrate decision is forwarded
to the rate adaptive MPEG 4 sinple profile encoder througfip TCP
connection; (2e) a data link buffer included in the stream 3“@32@@5 20
for storing the MPEG 4 sinple profile live video streamdata as a |ink of
GOVvs 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 seakthira arCAhar el e¥pesedr dedidialg Mode! eece i2edaMbEdies eGoOy i f
the speed of GOV reading_is slower than the speed of GOV inserting,
overwritingathe ahd ureRdErbnW | BlCEETofed SPFRSEBEGAChPENI $ARI oReerivhd

read and LLe_,palkbtgrs. hy resetting the buffer status and dropping the
30 rest uﬁ&ggg &E@g? ?@?aé client; (3a) a rate adaptive MPEG 4 sinple

profile decoder (388 20 MrgPr2@)5 drric|l mdédlen irhel wie@ntinf otheecddiemt t Her

recei ved MPEG 4 GOV _data and  renderi n% pi ctures represented by the
recei ved WPREANGONEaESTCEBRTIIa SRPEAOG | ent nmodul e i ncluded in the client

for 5 handling r R3BYRGCHEE $hABPOLEC bndd iRTRARER ({ANBRMEd £A0ERE
client incl uded(?ggt %el ﬁ?F}/g%tc fgr reggi Vi né@{iﬁe RTP packets by a UDP )

connect i onclianbugivt heewersliogs nee WRTIE apdckiés degedreHPPzierpaedtion
depacketi zj the received P packets intg whereas 10 CP.Ls

i mpl ement eHQ{gBngr a%?)or"flﬁ%sé%jr &ﬁ?ﬁﬁ%&ﬁ oA HeqbBsH cz%ﬁe‘ﬁ@%%}zéﬂg and
wher ei n, UeeﬁaJ@ﬁélﬁ@EithStl@é packstveit Rfp SpguRRee, antol NGOWP! alife FEds or
a blank GOV is inserted to a data |link buffer included in the client, 15

wher ei h0 aRJCBodsi biepkenentiredi §SFort TRttt ing r EEEFrRBgMiFEd My Heedde at
l'i nk bUffegn&anny?|LEEt’ and then is
wherein, upon packet lossg or packet out-of-sequence, an
incomplete GOV or a blank GOV 1is inserted to a data link
buffer included in the client,

15 wherein, any possible retransmission request is received
from the data 1link buffer in the client,” and then 1is
forwarded to the RTP/RTCP transport engine server through
the UDP connection, which lcoads the RTCP packet containing
retransmission request information, and

20 wherein, upon receiving the retransmitted data, the
specified GOV is searched for in the data link buffer in the
client, and if it is found, the retransmitted data or the
whole GOV is inserted to its position in the link, and

wherein, if a forbidden-retransmission RTCP packet is

25 received, a forbidden-retransmission flag of the specified
GOV in the data link buffer in the client is set to forbid a
further retransmission request;

{(3d) a bitrate adapter included in the client for
implementing the bitrate adaptation protocel and the network

30 bandwidth polling protocol to allow the client to proceed
with bitrate control tasks with the streaming server, and

wherein, bitrate control information is received from

-99 -




forwarded to the RTP/RTCP transport engi ne server through the UDP
connection, which | oads the RTCP packet containing retransm ssiqn request
i nformati on, and 20 wherein, upon receiving the retransni t 2&MayER05 he
specified GOV is searched for in the data |link buffer in the <client, and
if it is found, the retransmtted data or the whole GOV is inserted to its
position in the link, and wherein, if a forbidden-retransm ssion RTCP

packet is tR2 repei veinka tumterdden- eper afsidss) oandl a9 9{tihee speeiikiiemh
GOV in the data |ink buffer in the client is set to forbid a further
retransmi s$SomadeyueRd; fesapraead tvat Ehaddpitaratechdapbern madls i &nt ther

I mpl enent i ggr{egﬁlit Lt rszétrq,eq:dqﬁlt%{.lqup aorlcgﬁcgénﬁgdgtv\}$ﬁ' Blg{,l&or k 30 bandw dth

pol ling protoco alTow t he I"ent to procee rate control tasks
wi th the streanwhgreényer acanddinker ebn, thiet r abewoeRkt r bandnfidehat pohlisg
received from 29_20 Ivaﬁ ?[305 the data link buffer in the client, and a

bi t r at e deBFSFBR°Lirs 3raB8laAd% RIRTHRE 6 (RetbVeFafe tRiapPEk moddl eths

the streafipgaser ¥8hpkRrOWHIA e TCR U CAIO N A ds MPSE LI Napngccording to
the network bandwi dth™polling 5 protocol, a polling process Is activated

to work with thehebetinat earmdapter negddliatiiont hensttlemniimg tserlv est raading
wher ei n, a}E.EutEéne ggi agi on ﬁn thg initial stream ng bi %Bate getween,the
stream ng R&rYBrCandSrHESH i BT i SETPRAPLPHt e8SFE Hor R t ARBheSHF PGt el
9 ! . . .
adapt er nodaieibfelihedOweirkeanitl YHe/ebibyatisl NgahPeepetinnk dandw ghl
polling - protocol; (3e) a data link buffer included in the client for
stori ngot het MPEGi g si APFEehr oPY | 15188 Vileo meteark ddvandwideh| i pkl bindovs
with the related information such as GOV 15 bitrate, GOV duration, GOV
si ze, etc,” and Whef ei n, interfaces such as inserting a GOV, inserting a
bl ank GOV, insetiéhg dat alanfa abihkcdnpf fde G ludeadi bg alte alGEMt afsh
searching a GOV are, exposed for, ot{]er nmodul es,_ . )
storing the MPEG-4 simple profile live video stream data as
a link of GOVs with the zrelated information such as GOV
15 bitrate, GOV duration, GOV size, etc, and
wherein, interfaces such as inserting a GOV, inserting a
blank GOV, inserting data of an incomplete GOV, reading out
a GOV, and searching a GOV are exposed for other modules,
and '

20 wherein, if the speed of GOV reading is slower than the
speed of GOV inserting, overwriting the old unread GOV is
allowed with resynchronization of the read and write
pointers by resetting the buffer status and dropping the
rest of the unread GOVs, and

25 wherein, an incomplete GOV is verified and a
retransmission request is sent to a RTP/RTCP transport
engine client, and if retransmitted data can be inserted by
the RTP/RTCP transport engine client in time, the incomplete
GOV is recovered to be a complete GOV, and

30 wherein, current buffer status is collected and sent to

the bitrate adapter module in the client according to the

bitrate adaptation protocol.
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and 20 wherein, if the speed of GOV reading is slower than the speed of
AV inserting, overwrltl ng the old unread GOV is allowed wth

resynchroni zation of the read and wite pointers by resett?Qt&/'EtYh%OQﬁtffer
status and dropping the rest of the unread GOVvs, and 25 wherein, an

i nconplete GOV is verified and a retransm ssion request is sent to a

RTP/ RTCP transport engine client, and if retransmtted data can be
inserted by the RTP/RTCP transport engine client in time, the inconplete-
GOV is recaovered to be a conplete GOV, and 30 wherein, current buffer
status is col | ec¥ed!BRa- %thVFountlﬁéSEu frigiqo a%i‘éﬁ‘?%fﬂlﬁﬁdﬁbfétﬁﬁt Bifsaydigrg

according tQ,theaphtrate gdapkahi og,pfgot ﬁ Q %al m% ZS\EGYGIeXte %%%-4

live unicast video stream ng system accor
packet has shrusitierdedinsindéhgr e adadltugtirreg adﬂnettdaal dreel ddefigedef ifead

for ;t)ep ketlz t|o and d%e mentation. 3. An MPEG 4 |ive unicast video
st ream gf? FIRIAANCAREPR n t he RTCP packet has a user

appllcatlon structure |nclud|ng additional fields defined for 10
retransm ssion. 4. An MPEG 4 |ive univast video stream ng system accordi ng
to claimi? V\,helA@t MPEGch bivehendaaat| IvnIdebufstzareamuztgtesystemaemugrﬁ&nger

and the da ufe 15 stores. a GOV i noge
with rel at té% %@ai‘r onhe%ﬂg %&%Gﬁicﬂ \P@q}?ﬁtcag?swadéﬁc’%q r@ﬁ%)‘/ija’éﬂr?f‘em
as reciteatiracthdiem 1, iheladeng CoONpAdSiti®ndl et r anemissi omdechani smehor
retransmtti dat a fromthe stream ng server 20 to the client, the

ttin
ret ranzwi S§P5%3H§Fﬂ%§ﬁ|1% sincluding the data link buffer in the client, the
RTP/ RTCP transport engine client nodule, and the RTP/RTCP transport engi ne

server nodule. 25 6. An MPEG 4 |live unicast video stream ng system as
4. An MPEG-4 live univast video streaming system according

to claim 1, wherein, each of the data link buffer in the
streaming server and the data link buffer in the client

15 stores a GOV in one GOV node with related information.

5. An MPEG-4 live unicast video streaming system as
recited in c¢laim 1, further comprising a retransmission
mechanism for retransmitting data from the streaming server
20 to the client, the retransmission mechanism including the
data link buffer in the client, the RTP/RTCP transport
engine client module, and the RTP/RTCP transport engine

server module.

25 8. An MPEG-4 live unicast video streaming system as
recited in claim 1, further comprising means provided in the
bitrate adapter module in the streaming server and the -
bitrate adapter module in the client for implementing the
network bandwidth polling protocol.

30
7. An MPEG-4 live unicast video streaming system as

recited in claim 1, further comprising means provided in the
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recited in claiml1, further conprising nmeans provided in the bitrate
adapter nodule in the stream ng server and the bitrate adapter nodule in
the client for inplementing the network bandwi dth polling &9 Macéh05 30 7.
An MPEG 4 |ive unicast video stream ng systemas recited in claiml,
further conprising neans provided in the -31 20 May 2005 data |ink buffer
in the client, the bitrate adapter nodule in the stream ng server, and the
bitrate adgﬁﬁ%'%&ﬁhlEuﬁﬁeﬁrk?th%thﬂﬂnqmpt%ﬁe#ﬂﬁM§QQMﬁ@#P¥§¥emOdule

adapt ati on ;pr C?:Fr%;olstm%aﬁ\lnﬁ %ﬁﬁ% A 1Lyg q{ec:ﬁt%ggo a%tar eam nrg?a%géem as

recited in claim? erel bltrateaapt I Oon° pr ot 0661~ ne
bitrate detihei odiemte fmirt hnplEreETEnted | One dﬁltaradecadapﬁashbdl pgotoadawy. 10

5 8. An MPEG-4 live wunicast video streaming system as -
recited in claim 7, wherein the bitrate adaptation protocol
includes a bitrate decision rule with implementation of a

decision sliding window.
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