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SHBERA—EETRS TS T B SRR A X 6@ ARSS 0 Bl Bk
BE > XTFEEE o N EB BN R R o AL R LR R A R R ) SRR a3k
BB ER - A ERE —BEEERXARES  RESHEBOFRS - ELEHRT &
BEEARABAER4EE > P FERENLMBIGRIEFRRES B TR RM2T UEA
FHRARE AR LTUURD RRBFRHERIRA - RA&%iEA SIP /F8 X 215534
h R > 4% 4 oA SIP B ket 6y 3 R EEMAS > &5 R ERF R OB H - &% 0 4t¥ Intra
Cluster #3z4R it P2P Mixer &Ry Botk#] > 3L B4 [XP 465 # PXA 270 AKX AKT
HA % % Ad-hoc Conference # A » H + @4 : Conference Server ~ Video Mixer 2 SIP
UA -

Blses © SRR - WBEHR  WRIFE - eRIBMT



RXBE

The multimedia conference is a communication service to approach multi-party,
real-time, interactive and multimedia applications. Due to the mature Internet
technology and the ubiquitous network access, the multimedia conference over
Internet is attended. This project proposes a cluster-based framework to provide
multimedia conferencing service. In this framework, the cluster members are
self-organizing and self-maintaining to share the intra-resource of focus and mixer.
Not only the system loading of conference servers can be minimized, but also the
infrastructure cost can be reduced. The system uses SIP as the major control
signaling and a SIP-based clustering mechanism, including cluster operation and
heartbeat mechanism, 1s proposed in this project. Finally, the resource allocation
mechanism of P2P Mixer is proposed for an intra cluster environment. Moreover, the
system prototype of ad-hoc conferencing service, including conference server,

video mixer and SIP UA, is implemented by using IXP 465 and PXA 270 embedded systems.

Keywords: Multimedia Conference, IP Conference, Voice over IP, SIP
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1. AT &

LB L —EERS TR EIH T A S EEER A X 0@ IRSE o o B1E
BE X FEEE o RRRE R X AR S RIBA G RIRTS A E R F AR E
B ERERERO T A RER > BHATEREWMSEREL - T EXELRARAG N
RERAARHHBEERRE  FERAMFEALRLE R o AR IR MR R L BAE AN
— R EREERE > TEXENEBRARLEZREMAANENE > REEAEDEZHREN
IP 4% 2R 3400 7 AR BRIE - HEUT OO S 8L €38 RTF -

B AT/ 4 SRS SRR A R BT A E S estsm AR - IETF B EE 4
B FEHER[2]:

& EERLAA

® itia oAl

& iAo AEA

EEEBRABAP > BB A ANER EOEARERER > LIRS A RRBECHER
B ERFBAMOMREARAZTEAR - RATANERAVETXEE > REBRENALKEA
SRR GTEE - Am > EPXBRERFARSHEEETRRBIES » SHROEHE
BARFIARBGRFERAE - P ETUEHAEZ L S AMRBSIEL AR X EEa)H AR
FRR BRI S T AR o

RSB B TR A NERE ARG RTRER TS H c ABHEERT €%
REZHARBEAEAWM ARG > MALH WA~ B — BB AR L BER -
#H A AEA A AR YRB IR 0 KM C e EEE R A5 A H w48 B B R IE 6 Th AE A
Bk kL va st B4 ARG Rl ey BT AR o

TN HRABA YR EFRAENDAZAAEEKEL > Bar [ETF REEA B H
(Peer-to-Peer) #i4t7ey P2PSIP % 4 3% & A AR5 245 (8] » MR A EH AR 25
AR AH - AR AR EZAOBMASR BB ERFE S —ERFEELRRELE
W B AEERY AR L L REENLRGER LA > FHE TR BRI R
R o

FRNAT XA AR A e 45 > R4 — ML SIP ARBREE X AL EHRR
HELEBEBCERRT  CEAREBESTEEZROEAMT s RAEN B E > £
EHAEERREARA L BARA o sbIPL B B LB EH > Rt — AT TER
BERBRFERAL S W BB AL -

ARG EEY RYTETROBEANETKFARSESEKE B ASHEBERTH
W TEFTHELREGCRIEHNNEE - B ETFARE - EALZHRERBEURETENE
BE o FZ—F @ ERAERTEIHFEMG BB RIEEELEBEER (cluster
head) R F#r @il - —EBEETH—BALAERAERAR > EEAHBRLEHL
RO GAE—EAEREELZAATURLEEFTEORNEGY REEFERELF O/ T W
B 45 o

B AREHOBFREREDERREOMAREIINEREZE RV E B —EEAL &
RBCHEBRENE S AEREH (Superior) #1E%5H (Peer) ThmBEARRAMEEXZ Y E
BANERZ AR E Ry FHEMERE > ARE B RIEORABEAFTERS ~ F
ERHUAREBIAE > AR BE T RFREYRGF LSEEEE R E (cluster member) -
THRIEFRB T ERRIE - o ERAFERASEINEENIN -

AFEEMEZANRE—EREAKELET TELHBRELESH I HBERALE
o XEFEG,FERAEBTRRGFIRARYE AL - ERMIBVEALTY  —BERALSL
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HMEENLCEBRTERALETR  HEILEHERALNERRA - Wfch A% 24
REmRteER EmBALYAER ML TRRIEZOHFESN

2. 48 Bl = 4F

B ATAM S % 408 @R A a9 57 2 IETF pras B so 404 £ » 3L % MMUSIC ~ SIPPING o
XCON £ R M Bu 3 & B4t L 4Lt i € ~ SIP S48 JE A fu B % 48 6B A W) € o B
BIAELTI[9][10] - & 1 2] 44834 &9 RFC .45 -

KRIPVETHENLBLE TR » RIFERFCA3D3 FrE R T XM AOEA (2] A A X
T AR Fs U
(1) Focus: Focus £ —fA€FEHEELF o CEZRZGHEWA - 51 o938 - TER

F 1 Focus H:AR BT €22 3 — B3 1 sbi@ B 14 69 3% % B3 (dialog) - &y 43 sL & 30

3t B ga4E A i@ 0 Focus AE#9 A S B 3R A H ML RJ T — B &35 -

(2) Mixer: sbRFBUHEEREEBE R B LB ERELSRE— B ARKAL L EL
iR %S dit - pzgeixer» BRAREATREZGREBLTE SR -
(3) &3k %£%HmE (Conference Policy Server): &3k % =40k B 1IE % RAEF 32

G REG o
(4) &%/ msE (Conference Server): bR F » #EFAMRB L —EBETHAMH > 2

A5V 8.4 Focus » HEMREMA TAEE IR A SBHATH 2O FIR S IE ™A AR

o

g

& 1 3484358 A th48 M RFCs

WG RFC Title
MMUSIC RFC3264 | An Offer/Answer Model with the SDP
RFC4566 | Session Description Protocol
SIPPING | RFC3725 | Best Current Practices for Third Party Call Control in
the SIP
RFC4245 | High-Level Requirements for Tightly Coupled SIP
Conferencing
RFC4353 | A Framework for Conferencing with the SIP
RFC4575 | A SIP Event Package for Conference State
RFC4579 | SIP Call Control - Conferencing for User Agents
XCON RFC4376 | Requirements for Floor Control Protocols
RFC4597 | Conferencing Scenarios
RFC4582 | The Binary Floor Control Protocol
RFC5018 | Connection Establishment in the Binary Floor Control
Protocol

RFC5239 | A Framework for Centralized Conferencing

IETF REZHEERTERNAGTHE[2]  SERBEEIZHHSERBTRMERY
MR A B E RFIRBIE - Am > EFMAXBRAE TR M E RBEARRBEHAERK
BRI AR o LT R 0 e B R 8 B RS F AR IRAT 09 R S AE REHRIRFS 0 AR
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FR S HALER  BRVERNRAUR RERA L LKA -
3. AT
3.1. 2&%%E#H

KRR E O L2%EHELE IPEHERZ > B S EE R THELEREMER £
PHERAEHROGUREAELTBEEEN R T HELE LML wE | Aw o KK TS

HE WG RE RS RE RN -

Signaling Server Focus

Mixer Mixe1/
~ wd
g Mixer l

UA Multimedia Conferencing Backbone Network Un

~ ]
= CE

—— UA

UA =

UA
Cluster Cluster
H 1 AKEHR

3.2. PHMERFTHAEAR

B ERTHEBRETEROEANNEM > LB b S ERM T an  £F
Focus #v mixer #9zhfedn & —FR N & - R ZEH T > H2E —18 Focus FvEfE
mixer > I LAMS R KR IE B RIR B R 0 sbsbdnRMER SIP 1E A SR E
S E T S EE A5 R IEAMRSE (signaling server) @ 7REp SIP AR % -

R % 85 1k4E RFC3261 A & ey SIP FAIARE[3]:3x M (Registrar) ~ ¥y £ Mk 5
(Redirect) FoRFEA)ARE (Proxy) - £&RM A& T > RE —EHYELRIBLRS
R EEH O HAFEHEAMANEAE RUEZY - BREAEUARGEELERE - KRBT
MEHAE - B 2 BRIV RSF N EETE @I AEER -

Signaling Server

Memb Cluster Server-side
Mem el; Maintenance Heartbeat
anage Handler Mechanism

L 4

Signaling Controller (SIP Handler)

B2 XL afhkEBER
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3.3. %%

EROH Ao f— il S ARRRD FE—AEREEL ST AR EER LD
R o % — AR EW RO RE 54 REAMRE L AR — B EEHR YRR
SRBAMB BB FE > EEFAACTEREAEERE QA REN TAPTEH - E%

SR XA ERERTEBRERARBEAZAT B wAKRE -

e EERFWBEGFL

RERBBHINFEZANEERRUARNAREN G 2 AE L REFARS BEEE -
RERGLREAREZROANLERIBRTrARKIE  BF—RELNLEAREEENS

ME o hoE 3 AT o —REAMALASEE

EEYR TR E o

EE R RIE &5 4 R IR AR B N A ey +
B2t A G R BBRMATR S AR A ETOTEE (availability) o o B 4 o -

%

THFR o MEEEERE CE S BMF -

FRAMAAF > FE—AEREEA

H P AR{E (Sample availability) R E AR —REAFARZH TR TIFER -

y
MCBN
General Signaling Messages

XY

Cluster Member

Cluster Member

Clustering Messages

Signaling Server

‘//v
<<
/ Cluster Head

®/

Cluster Member

N

Cluster Member

Cluster

H 3 RERESREZAMBIMHMERH

4. % %E4E
4.1.

EREBANAR S

Have a superior list ?

\

e
=

RS R

Signaling Server
REGI @%

S
— 4
=

Estimated Availability :
E = (-a)xE'+ axa --------- €))
«  F' denotes prior estimated availability
+ @ denotes sample availability
*  Werecommend that & equalsto 0.125
B 4 TRARSETLX
<?xml version=“1.0"?>
<config timstamp=20080323133036">
<superior_list>
Lsuperior >
<address>198.162.1.21</address>
<port>12345</port>
<availability>0.75</availability>
</superior >
<superior>
<address>198.162.1.125</address>
<port>12345</port>
<availability>0.60</availability>
/superior>
</superior_list>
</config>

W 5 AshBEAE W6 RREELERMN
EREBANZREZRAMELREFAR S EBTRENSGE > ABHOEXTRELTE
BAEEEMAMAE - $AEREGAHE R ERAERECHRI A ERELZ BT RBHE
AEMRESNE MEAAREGEGOEALT  ERELBAEBEHRE S RIZFERZHEMAIL
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TRAE - wREBEERBN Q| LBARBLRZE > wALESE - B b HATES

FRHEBANREE  RAGELT:

o 1: BhERAFLRMM G EKRER BEEX L E(Superior list) » B EH 4 E X KM%
AN FRAERG MBS B 6 ATore)— B ko RAALIEL B Q4T 2(a) 0
%A o Rl#EST 2(b) -

e 2(a): MBI LBHERESR AOUBRATAEAERAGLA  HREZEBTRITAE -
WwRZAEE > BBLE 2(b) o

e 2(b): EBHAEZEALREARBSMUAESG/E  TARNFRFRFTGEEIELLE -

* 3 ARBELZ > BLREAMRETENERAFTHHEE -

4.2. REMF
4.2.1. Bk H

#F A A A RFC3260 A4k ooy SIP EA —4 € FH @424 (Specific Event
Notification) Rzt opkisl[1] - wpkikdl L oRBE T ERHFMH > F —EFH A KA
BT EHE “E&” E4 ( “cluster” event) BEEREBE G EEATHIILEMSHEZ T A
WEEZR AL REARZSELEOAELGERERATHLES > BB EEESH A
MEEBENIE TR TURHEEWTARES  wB T T EE - WEH4HEMEER
BREZT—MEEESFRAKER  wB 8 Fir RIFZEA MK ER KBS “EE
EHTUHHEERBOG B RE GBI BLMETWAREE GO E M - b0 B
TREZS  wEHbLe gt BiERKES)  TERBEMEREA &= ERMA
BAETHETHRA A EAREARSLHHESEALT AR E Ao RMEAREE
By &R -

B —F 4 A RFC3515 pr & % 649 REFER 2B [5] > A F b3 B T LA 5] 48 A H HIN LRI T 8
URD frhkiE4T84E > mAfe A S 6933 P 0 42 A F 4 ik 2] REFER A - Al & #i2rey URI
frhkAF B FAEEITRH ok’ FH o FEFACBEB T TR EAEES GG T

Z M -
Init
) NOTIFY/ N subscribed
Notifier i SS
7 - Subscriber
-
%@ ¥ SUBSCRIBE et
ctive
SUBSCRIBE ~
7. CH « > NOTIFY
_ - =Dy expired
' ~ deactivated
NOTIFY SUBSCRIBE % unsubscribed
g rejected
Subscriber Subscriber
Terminated

B 7 osMalmy
B8 MERRRRTANA RKEMR



4.2.2. REEH#

5
@ '//%@v Conferencee*

@ Clusteg ead

%@ Mixer /

Focu
)
%

Cluster Head (P2PFocus)

@5/ Vs Bib

P2PM1xer Conferencee*

Conferencee* / SIP requests & responses

Cluster / Media flow / SIP requests & responses
/ Media flow
Conferencee* %@
u 9 i%mﬂfﬂﬁttu Conferencee*

B 10 AEEARTER
EENERTH»A T RE > RA——Htie T BAEBEAER  HILET 2N LS

B ER -

(DiuAEE: CRENERAEORERTH “RE" FHARTHRMWARE > TARITHE bo
NEE - REBAWwAYE > AMERHE LB RBARANITH L EHOHHOREBEITH
Ak o

()RERERE: /2R Es3ER & 405 - &ﬁﬂﬁﬁﬁﬁﬁ’ﬁmﬁﬁﬁﬁ REAEE KRB

TEERA o MLBF  EESE W R B 2B A EIKA FE @A 0 Z BB
FHITH] -
QEEFEEHR: ONAEERBENES > 24 eRBETEFRY MR EREER - & —BH

B EREARBRE ARG EEHEN > 2L REAFIRS %%ﬁ$%ﬁ%%%’z@ﬁﬁ
Moy R EAM TR EE - ey R GEsEMAE I 2% > CEBPA A REFER:RE LI FHECERE
B RANE o

(DHEEHE: i ﬁ/\fﬁ/fg{%j&%‘i{ MANET &9##22[6] o % %3k & — 18 4 BI4E 2R | 7 o] B

DHBHEE T PEENHE ARG AT ETHEE SR ALRNELEESE

TS BEHMBOEER B RmE BRE P A HI] ShAMeEE -
B)RELB: 2A%XT—EEMH AR EESH > ERESHT  2AINTHAAEER

BOSEERMAS —BEE -

(ORFRE: ZB BB HBRA ERALEEFTTrALEREREERARNEENL - £ &

ERBETH REHCAFTATE RSO BRETRBR A% s EREHEET

AL REFARBCEGREIAFNAMBEBREER FX ALY - AL HBE LS

A8 e BEHBEMEERERERREFTITA
(DEREE: CREFTHARENNTRAERECH BT RENBCHRAAEHER

FIFS B R A ARG R -

—BEERALBHEENINGH > wE I KT HEEETHY A P2P Focus A &
RRIZ @K LEEKRAE KRTE M PP Focus R —BdERE (BEEE) iy ZORKE
BR BARMER S Focus — ey hAe » R EZ R AN LIRS B RIEFR E € kit - 28
REFOEREAME o sbsh > A —EERAFHRBER > B2 A P2P Mixer A& > bk
ERREEENELEBEEEZOREENRKIAREE - BEANN R HEE —EEEE
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(P2P Mixer) REIEERAOMBER - TSRO TR EH TS HERAZRRE B
WAREIERALER -

BEECHRIAETRARHERENNETH  HEXBSI AR ERTHELRRE
B 10 frow > HEFBELON— R T E/oA -

5. Mixer BER 5 EE A2 KK

5. 1. Mixer BiR4 BB/ &3

B A SmEET BT RIVEREAES B HLERF > Cluster Head #§ @mEs B R & 12
#9128 > ko fTEM Cluster NILA MR ER > MBS 0ERE - TH L Mixer BR S
BLAk X3 2 B AR o
At > A3 E 4% Intra Cluster Conference Call % 3t— Mixer BBy Botk4] > it
HIE T & 2Bk
1. P2P Focus # & » & Cluster M2F P2P Mixer #-F Intra Cluster Conference
Call > #HBh B E M2 BHRRA > AF1& Conference Provider 2 & % KX Mixer
Z AW

2. GIREATY o P2PMixer TTA@AS o @RET YGRS Tud X —4& P2P
Mixer » #8425 — & P2P Mixer °

3. MRFEZAEAE T AR P2P Mixer 845 Arik s thsa i@+ B - &7 P2P Mixer #
o TR GERGHRENEY P > HTERFRAELEPMBERTEE » ART
LB B IRANGT o

Hb > K3t E S B2 RAELRAA > EE8ET !

® (iven Variables:

ol

-t : the upper bound of the cluster members
-M : the set of mixers

-m; : the capacity of mixer ¢, i € [

-C' : the set of conferences

-c; : the number of participants of conference j. j € J

® Decision Variables:

1. if the conference j is assigned to the mixer i ,
Ti; = ) L1 E I, S J
0. otherwise
® (bjective:
‘ _ > ics TijCj
min  marier | ——————
m;
, D e Tci  Djes T24C) > _jes Tmaz(1)iC)
=min | maxr . s e
my Mo Mmaz(I)

7



® Subject To:
M| <t

c; < t, Viel
Zvc.fj(;fj < 'm;. viel, VYjelJ
Y ay=1. Viel Vjel

#* %% 175 (Brute Force) #MsbHxAE/LPIRE > 5% m 18 P2P Mixer #2 c fEi#fT ¥
@EWh o HEME A 0(n) - Ak > b Mixer TR o B A4 £ —F Multi-choice
Multidimensional Knapsack Problem (MMKP) - BF & NP-hard problem - H& 4% ° A3t & 4
4H¥H3%PIR8 » 2% 3t — heuristic algorithm R KA > #HF#E % EEKE 0(nke) » IR E
Bl 1% SLRR R R R A LA R e N 43 -

5.2. R&%MMATH

BN E 2 SIP # R %3 Ad-hoc Conference $1# & X 441E/F > R 24T
B3ty AABERAE TR SIP SR AR R ARG R KX > #4 IntraCluster 3R
350 Zwg Clustering AB R X 4B 28444 > EEF A @B E T MBIEZTITH o KA RR
A SIP i@ Eohse > B3R AdHoc €3ARFE > #RALE A HEERF ~ b= A3 S
BATS MG § o R RARY 3R 135 R1& » Conference Server @#RiEHE &
Hxkeey Video Mixer REATRMBLILES UK ERKE TR B2 aREPHAE -
BBRAGBARABARSZHEBEHE M > TUBRBRAEEHRAIAKRZERA > EETUR
45 A H 422 (Stable) #1773 (Reliable) % % %A% &3 MRf% -

Conf. Server

Focus
(IXP 465 )

Video Mixer
Server

Video Mixer
Server

Wik Mixer
(REAZ0Y (PXA 270)

» » G

SIP UA SIP UA SIP UA
(PXA 270) (PXA 270 ) (PXA 270)

B 11 #AX SRR RER
KRB 2t 0 4,35 Focus ~ Mixer ¥1 User Agent » H 1t IXP 465 AR %
#F I Focus » LA PXA 270 AKX A4, Video Mixer #2 User Agent » 4o 11 Frow °
LT HHER AL T -
® C(Conference Server : 324 % 482 @358 30 ~ B ~ 40232 > L & AudioMixer
&13hsE 0 Bk 4 Conference Server & B 2E At ZarstmegURI-list= 4t
8



B> 3 BAMRAE URI-list Eay URI EFRBEEEH -

® Video Mixer Server : #4#t &3 R 8 Video Stream ;24 shfe » HH—EXE &
Video Stream Avilig4 > ¥4 A—EEE LS SR EOHE -

® SIP UA: #&#t UAC (User Agent Client) A& UAS (User Agent Server) * &Kz
fE 0 THABITEEN > RABRXEERREG S o Rk > SIP UA 248 %3
Conference Call #2 URI-list REAES -

K44 Conference Server $2 SIPUA F4Em R » Bl R~ E 12 18 13-Video Mixer
BROEERY > ERIVETREF A BT VideoMixing €48 > PXA2T0 sy RERE S R
B RLEAGHRETHEIDTABRAL £ 2%, SIP VA REFEL - Bk &M
T 238, Video Mixing £ —#IFFH AL BT R T > MU EH ML T LT RRTULR
E Ty e

= ]
2 A | L4 €

Conference Server

B 12 Conference Server - Intel IXP 465 & AKX 4 %

13 SIP UA - Intel PXA 270 #AX A &

Call setup delay

1.8

1.6
. /‘\
1.2
1F <.///////,1\\\\\\\ R A
N —— P 3
0 '\\./ \.//. * 2RI
RNME

0.6

04

0.2

hour

B 14 Conference Call Setup Delay 44 dhig
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RABIRIM o RIVE LB E AT ERLTRETRET L P a4HE PXA2T0 VA
— & PCUA: Conference Server R # A E XL LEHRETRE PEXRZHHERZZM
B34 K % 1Gbps » M B R4 % 100Mbps @ 3 BE ¥ o 2k #4838 7 48 Router » — AR BFF&
# 1% ping FAER & round-trip delay F354 1. 362ms -

o 14 Fiom » —RPBWENES A —BE > R IR LR > KIVFERRE
B BEEIE AP ARZERRA L TSR ERE - RADELFHE - wB 1477 £ E
BIER P » RATUBER @HE e (Call Setup Delay) BiE#lf 2 A TH %o
BN > xAREEAHLO66FH > & IA0. 45

6. &%

AFERE A SIP AA#OEEXAARHE R S M EHRY > LEBES
TEZROENNEEARTENBMS TR BpZTHERAEE R BLREI S RAKEE -
AR A S8R A 0 AR AR R 4 3] €2 &7 RIVF 2008 g2 TANET 2008 #t3t € - &% o
KA EEX S B3 2%+  Cluster Head 4B Mixer Bk > 2%zt Mixer TiRH
Bk d] 0 3 B ABFRMAEILEAE > URF Cluster EMAHKE -

LA TAER Ay 0 HA AL [XP 465 #1 PXA 270 E # Conference Server ~ Video
Mixer #1 SIP UA - i B E 3 Ad-Hoc Conference #1 Video Mixer BIRE) M 5B @ AT
AR A&7 NST 2008 -

EEBAETF > BAOATBERFSZAREF B AT @ > 4o : Video Mixer & & &KL
1E 128 ~ Video Mixer Migration 3#78 - R & XM - B LA 5 -

5% UK
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® RiFHLERIATAR

L.

B EH=ZFRBANE > F—FRTAREAEX S U B R RBERZTRA
B BEX S YRR ER LA LERG  URAAFRR X R F R
EMFE GRS FFRAFTAREEX UM eRIERBAR - EEX S
WHESBRRMEEBREERAE T L UARKEEREE-HRATIEHHAIR
H B ZFRARARBEREE-ZH DY S AR 2%~ A Ey
Moo ARRAGHEA B R SR -
SEBEAFZCRREZAMAERR (1) REX L EM R R M ERA ML
REFEH (2) BEX S W BB MEB L LB R () EEMBRT
(4) P2P Mixer &Ry fethkslzxst; (5) AR ASKBERTIF -
EBARARBER TNy > AP REB Asterisk Open Source #kf¥ A A&
3o URI-list zhae Video Mixer BIREHARE - Eekd] » o4 IXP 460 = AKX A&
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The embedded SIP multimedia conferencing system in this
project is developed by IXP 465 and PXA 270 embedded system
platforms, including conference server, video mixer and SIP
UA. This system provides reserved conference and ad-hoc
conference simultaneously, and supports audio and video
multimedia communication.
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