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This pmje(i refH"esoot.>:; a bnulch of Voice over IV (VorF) kdmol<>gy which in 

itselfil1corpofa1es many a<;p~ds {)f digital signal Pf!::;c~",~ing" QuiCk; cfh~cti \~" reliabl~t 

effici{'-nl, and cheap rneans of cummunication ha<:< necessitated the need tn finiHng new 

$o~Htions to impfOving tekr:omn""mi<.::.ation which is the hackbQn~ in the operation and 

day to day mnn1ng of most businesses and inst~futions today. 'Ole nCl:.d fOf 

information at the pfes~ of a button cmmnt be onlf~empha.<;i/;:'d. 

Thiswojed ",{and", as the fmmdaiion of then.,:,\'oiution of muWmedia 

oxmmmica~ioo today. The p!"ojeGt ~:nabks the use of.a Loca!: At~a Network (LA!"l, 

I,vhkh are mostly dedic~~ted to d~~t.a traffic only) instaHed in an nHk6 are~ ill> a means 

of rommuni~-:ation Hsing vok;:. and video media.. presented in re.altim.e bet~;em peen; 

hy the use of a snRware. It also has an extra fundinmlliry of vok.e confereHcing Md 

mulhra<;t {,fhve ev!:.nts via\'ideo over the net\vork 'Dle prnjed also h<Ji)es to pf<Jvld~~ 

a solution which dimlnates the use of exvensive hanrl~ .. vifed inte~cnms and Puhlk 

BrID1ch Exchange (p AllX), allowing the HS~ of only the LAN rH.:.t"I,vork and readily 

avaHabk compHter hardware, in ~~,~H):Hce giving the US!?f a truly Multimedia 

experience. 
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IN'rR()DlJ(:TI()N 

1,,1 PRO.JEC]' OVERVlll~\V 

fn this {by and S{~~\ digJta! tedmo¥ugy is the backhonc of our entire jnformation 

industry. As a raft of this, the transfonnatlon of audio !nf\~rrHation into digital signah 

is now a routine process which is incorporatt)d into our telephonc, digital networks, 

tdevlskms and m!.H;k equl.rn~ents 

The inventkm of Ute transistor in 1947 <ina later evolution uf selnlcunductor 

microelectronics techniquc}-; have faciEtakd the digitaJ nwoluhon and ushered in thc 

electronic age, giving us the capabmti\~s \&,,'C have today in digitai cummunication:,> 

Voke communication has traxEtionaHy been cardt:d over d~~dicated T ekphom? networks 

op{~nlted. by Tel~x'A"H"nmunication servkx~ pmviders sueh a.~ HwN1TEL and. GLO, eJc in 

Nigeda. These telephone networks have progressively 1!.volwd from the lniiia~ analog 

drcuit~ to the ClHTent digital networks with bandv.ridth in excess of 1 Cihp5>. For reasons 

of ~;arying hand width and netwurking requirement~, different" sefvk~,,:g \vere provlch.:d on 

s{~para!;e networks. FOf cxrunph\ Telegraph netwofk~, Tdex networb, Tekphone 

netwnrks, facsimile netviCH"ks, Cable net'Nmb and. Data network", snppnrt diffenmt 

services, as their names wuuM suggest These networks pusst;ssed characteri5tk~ that 

satisfied the peculiar requtn .. rnents of th!~ s~;.rvice they provided. for example, the voice 

netwnrk would suppurt bandwidths of 64 Khps Ex voice communication and wouM 

ensure tek;o~grade voice eommunication with mtk jitter and echo cancdlation Llkewi~e, 

toe cable m..~tw0rkJ:> woukI pmvide even higher haru:i\vidth and improved quaEty of s!~fvk:e 

«(h;)S) for video transmission. On the other hand, the data communkathn ndwnrk.;' 



point to be n<)t~:d is that these n(;{\vorks have been <ksigned di rkn::ntly in terms of their 

1,2 ST A TK\lEN'f OF TIlE PROBLErvl 

!;;ithet voice or video communicMion only. 

,~ 

" 



With the hnpkmentatkm of a so!lt;,,'are based intercom, dh". ne~d f{x expen::;ive 

PA.BX, Tdephune !Hmdr.d~ wuutd be dimhm1cd since the unly hardware reqlllrement 

needed would he h{~adset and a cumputer on the network. Mor{:{wcr, \vlth the prevalence 

of IP nodes and the ahundant supply of IP based s\vikhe$and rOHtt~fs> cummunication 

might not he !im~kd in just toeal area n(~twork~(LAN), hut may lndmk Wide Area 

Nutworks(WANt themby roouced the <:.ost of making kmg di~tanc{~ c<,db, 

Lt2 SimpHfkati~m and CowmUdation 

An integrated infra.i4mdure thaI support!; nnnlrms of <xHnmtmic-,,<d.iun codd a.Hm\-' 

more standardization and redtKc th{~ total equipnwnt cornpHment The differences 

hetwCt~n the traffic patterns of yoke and data nffer further opportunities for signWcant 

improvement in efl1ciency Simplified im,taHation ~nd nwinknance are a major 

advant.ages the project wm dlbr 

The majm aim of this PlD.lt~ct h to develop a network hmwd !';oftware intercom 

where anyone un the network carl dial a peer that ~!'i logged on tht; network This 1S an 

intercom without the FARX l'lnd exv~;~nf>ivt~ hand!;f{!'i. Another ahn nfthe software 1s to 

provde video peer to peer conf~rendng" ,V'"here tv·.:o or more clients can see each in a~<li 

time using weh cams or any other v1den ~:;apuJw devices ronnected to !hdr computers. 
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behind the .. vmk~ng:=; of thh project. 

2.1.3 Tf:LECOMMUNICATION 

betwet.'f~ the two locations i~ Ht':edetL Thi~ may be a wife pair. radio ~ignah, optical fibm, 

informatiol1. whik they must pay to eshtblish and maintain the dumnd. Tb.~ Ilmmdal 

the more money they make. nSf' lHt~ revoluHoninxi the tdecommunicatinns industry in 

mmovc power line hum etc. Thre{l specifk {1.:;;;Jmoh)g1es \vm!ld he discussed here: 

Muftipkxing, Comrw~sion. and Helm (xmtwL 
'X. L3.1 Mtll;nr~l.,f~X tNG 

Thefe arc appmximatdy one hmkm telephones in tbe world. At Ow press of a ff;W 

in only a fe's-\' second:,> The immensity (£thif~ task h mind boggling! Until {hi:: 

signals through mechanical switcht~S and ampiitlers Orw cmmectinn n::qulred nne 

5 



2. L3.2 COMPRESSHJN 

infbnnat~on is redundant That is, the infbnnation carried hy any une sample 



, 
uncicrgea com!m_mication~_ 

2.1,33 l!:cno CONTROL 

.Echoez .are a serkms problem in kmg distanc,e telephone connection:; When you 

The human ear i~" aCCH~tomed to hearing echoe~ with the~e sOlan time ddays, and 

signal and generating an appropriate anti-signaf to cancdihe oHbnding. echo_ This 

envimnmenta! noise 13y c;-mcding it with d1gitaHy generated anti-noise. 

The two ~Hintlpal human senses are vision and hearing. Correspondingly, much 

The path leading from the musician's microphone to the audiophik's speaker is 

7 



degradatkm COrmn(H1~ y a~m<.>dated viith ,malog ",t(H age and manipubtioH. Thi~ 1S 

\iery familiar ~n aHyon\~ who h<\::; <:.onq.Hm:d (he muskaf quaHty nf (:a.~seti.e t~pes 

with co-mp3d disks. In a tiTk:a! 5cenorio, a musical pie(;t~ is reeonkd ;n a ~()und 

5tudin nH muhipk channds or tr~cks. fn some (;~~e~" t.his even invui"~$ recording 

indivdual im.tnlrtH~gt$ and singers sepa~atdy Thi~ is done to give the smmd 

e:ngSneer 1?Jeater fJexibiH!y in creating the Hnal product. The ~;omplcx pnJ~;ess of 

combning the individu<ll tfa<.:h tnto a fnud product is called mix down. nsp can 

provide sev(;raJ imtmrtant fimdinn}; during mix down, iroc.lm-Eng: filtedng, ~ignal 

addition and f<ubtmdlnn, signal editing, etc 

One of the most ink~es.ting nsp applicafions in rmm1c pn:p<l1'ation is artiHdal 

reverhcration. Iftheindividuai ch~·mnds (lIe simply add~~d together, {he ~cs.uhing 

piece suunds fn~i! and dih!(ed, much as iftb;~ musk~arH'i 'N€'l'e playing outrkK!fS. 

Th~s is nc{;,ause E~te.lWB ~He gn.~<ltly lnf1uenced by the edm of ~evefberatkm 

c(mi~~nt nfttw musk, which is u5tmHv minimil.ed in ilw sound studio. nSF aHows 

aItifldaJ t::choes and H~verbe!ation to he added during mix dov .. n to simulate 

various idea! hstening t~~1'iiwmnentsEchof:s with ddays of a few hundred 

mHHse,,<.x.mds ghie the impre~si(Jn of G-ithedral Eke !oc<'!t10ns 

Adding echoes with delays of 10-2G miHheconds prov1de the perception of more 

modest sim listening rooms. 

Speech genemtinn and rec.ognition <l.W w<ed to cOlnmunlcat~ between humans an~1 

mach~ne5 Rather than tming one\; hands and. eye.s, the mouth and ears are used 

insh:ad. Two appro.aehes are wsed fi)r cumpukr gt;nerated speech digital 



speaker is digiOzed and Mored, U51U\!!Y in a compressed !(xnL During ph,yback. 

'! .., AN ()\fl"H \71 t?\V £)17 1\,1'1 q' ']"'I!\itl("r)l'!" r{)l\1'l\,H 'N' ~('""~ 'l""'(')N 
m(,k- i·l._~. ._. .-.(.8' I ' .. 1:... . \.... },fl ~j I.'; t .ll~* .. t: ... 1 J.F%'. ~ ... .. 1~'1! ,'I \..;.;. .8 . . d"·\' _t.1 , ; .. 

ON Dl{;rrAL NET\VORKS 



computing,'? 

Video conferendng 

l-fig!H\!;;nsity graphics 

tAulthnt:dia communication UHl be equally diffkult tn define; muhimedh c(mnmmicution 

mc",ms the integration of nwhipk data types into a cornmon bit ~;tre:_HYL 

10 



machines that ale HSt,d exdH~"ivcty fi;n traditional forms of data cnmlmHiicat;on and (lhn 

prnvidv. netwmking {br machines that ao;, deti;.cated to provici(: video or audlo service for 

external dients C()m;(~quently the LAN is simuhaw3:m!dytlanwmting muhlpk media 

types w;'th extreme!y diffbcnt pt:rf{mmmr::e tequin:.ments, even though no tme 

muHimedia computers are directly conneded to It 

~A!.dtime.d~a ;.:rppficatinm; tYVkaBy lH'lV(}1'e 1w'O b.::;1C types of ~wrformancc 

r€:.quixements. latency and hand width. 

2~2.i LAT£NCY 

L.att~ncy is defined as the minimum am()unt of time required for a packet to ck;.g 

any @vtm nt1.w(wk de'</'i<.::e. su<.::h as an:.R!{t~r.< a hub, a swikh and sn on. Time sensitive 

appiications like tiVt~ ,<lideo or video confmencing lequire low-latency connections 

thmughout the entiH: network. A low Ia1enc.y cQm1e('.iion~ ide<tHy. pruvides a and 

consistent aday hctwt>.en the transmission and ft>.ccipt of a packet Lmv hut inconsisknt 

ddayr, can n~sHh in .littery imagt~s< <.::noppy %.mm:1s, or nthCPJ,ii",e dq;~aded perfbrmancc of 

networked HluHimcdhi app11'<.:ath.ms. 

1,,2. Ll LAN A(:te~s Mt<tbods 

The currHdat1v{.~ htem~y of a network is affected in many wa.'ys The !1rst, and most 

ubv10Hs" is Hw LAN's a{~c.e~:;s methur.t LAN's dwt feahne a (fi.'Jnkntirm·bat->ud 

acCt~ss method (fme);.ampk, aU "fi.avofs·' ofEthernd) are !ikely to have a h~gher, 

and less coTIsl!->teni, hN:mcy due in the vid5~ifUl:k5 of competing fhr empty 

packets. LAN;,; that use a ddennlnit.,tic aCC!~$S rndhod (Ex examph"\ Token Ring 

and FDDr) have a fnwt~r latency, but remainincOH1'.15ten{ and Imptedktabk 

11 



is 10 imfdement th~mi using:, switehing huhs. Switches 3rt'; very fast forwarding 

device~ that fdnctinn co,np!etely at I..ayers ; and 2 of the nSf reference model. A 

LA.N hased ()H ~witt~hiHg hubs enjoy!; a gO Vier innMe latency than one has{~d on 

rqwating hubs simply becau$~~ the s'>,,,,itches h"Hwafd patb:h; fi=lHter tkm 

cmwentionaf H,~pe~lting hubs. 

2<2.1.2 Routing 

Anuthe.raspe>::t ofa nr.::twod:;'s cumuJa(ive btency is whether or not routing tS 

used. Routers, an inh.~gra~ part (}fvlrhwHy <iU WANs, oper<lte at layer 3 of the 051 

Modd and fequir{~ soih~3n~-driven taMe tuokups tofbrWMU pac;kets. This means 

that they cannut torwanl packets <IS a qukkly as H. ",vvitch Thus, they diretdy' 

jncreast~ the tumnhtjvt~ b.tr.::lK~y of a network. 

2~l.L3 Frame and I~~l(;ket Stru>t:tun~$ 

L.aN:n~~y is aJsn direcHy affecfed by n netwmk v s frame structure h.hny oftoday;§ 

mon.:~ cnmmun and mature netvv'ork putocohi ah;n use flexible frame <lnd packet 

sizes. Fkxilde data fields cxcrJ at tnmspmling tn'lditl0n:sJ data types by 

minimbing the packeHcq.laylo<ld ratl t') , Unf<xtnmttdy, thi!:> has the eX<'l.d opposite 

impact rm time,s{~nsitive appE(,'zdollS. f\Hcing such 3pplicatl<.ms to intermingk in 

the bit sheam with inddennlnate packet site:, advers!Ay' a{fect~ time~scn~iti ve 

8pvEcatiuHS by introducing ~ncDnsistency to the rwtwmk'?; cumuiativc IM.en(:y. 



Given that conventionar m.=:;{wOlk~-,; are rk~signed explicitly to ~uppod. the tHm3pot'i 

of data, th!,~ tim~~~hem~itive packeti-i of multimedia applicatioHs r(;quire non" 

standard handhng, Net\Nmks must be <'!h!e. hJ 

Identify packets that rt~qtiire ~pedal handling. 

Be capable Ofacl.ormHoda1ing those spct';\al requirements. 

A mecJmni1..;nl that can provide nehvorks with tb.~ abihty to di,,,,criminate between 

packeis, bahed on thei~ perHwmam:e requ.irements, is :known <'Ii> QuaEty of Service 

(QoS). QuS has two d~s1inct faceb' netwmk rmd apphcati~)n. VaHd application 

QnS pamrnd.ers include image sim and qjjah!y~ frame rate (irthe application is 

video), start~up ddap:;., rdiahdity, <md so on. The network however has a very 

diHhent set (,f (loS pasamders. These indudt~ bandwidth, 103s rate, dday. Users 

;U{~ not allowed to sp('.cify !1t,~twork QoS p>1mmeter~. A QoS·capabic proto(x)l, 

SUt.J~ as RSVP (l~es{Jm.;;e Reservatiun Prntm:::.ol), providefi the translation hetween 

appHcat~on and network parameters. 

Ohvinmdy, the rrJ?likmship ne{ween {hese sd~ ofparamekn=; is very cumpkx. In 

th~)ry, QnS wiH enahle the different application typc~; to rece~ve the special 

handEng that they rc{%uke App1ic-11t.\OI1S thai f~:q\.!ire guaranteed integrity of pad<.et 

contents can rect~ive thai, whihl othn~ that need h'j'y<{ delay andlor resrons{~ times 

(,<In ten the nd.work ahout H~quil'ement through QoS tags too, 

Timely delivery 0fmuhirm:~clia data packets i~ not the only .;;haHenge in 

multim~dia cN1mnwicatinn The othS:T chaHenge to tH~ overcome if; transporting the 



be extn;mely b.andwldth inknslve. 

conserving bandwidth. most of V.;h1Ch ~He aHtnmat~;:.aHv built into rnulnmedia -' . 

ret{'<f~t1on nfthe statkm wiring .and nehvork inwrDice cards 

\4 



schemes is that once O?lndwlJth is re~~;rved by em application, it is lmavail.-thk to 

15 



telephony into (1 dota network Th<>. client PC bt1ffcr~ inbound {ran~;mi:"sion and pkys 

crror·oxn:cting pmt()col~. 

16 



2,},2 COMPUITR~BASEn Am.lIO C:ONFLRENCING 

to ~,uppor{ in [1 LAN!W /\ N environment. It is lmy bani.hvidth imd benefits fro!.Yl hut does 

l7 , . 



lAVIOEO COl\lrvnJNICA.TION 

[ornponcn!.s. 

2.4.1 VIDEO CONFEHENCING 
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CHAPTE1{ TIIREE 

:to PR()(;RA1\l ANAl.YSlS A.NO nl~Si(;N 

The Software Intercom has a graphical us(~r Interface (GU1) much like the 

various intemet phoning soflwarc fhund on the world wide wci}. llle exo::::ptkm 

about this software Is that it u~es a network (~md to establish comrnul1!calion instead of a 

modt)m (a~ 'with most phoning softwam), AliliDugh there 11> no phone Hne ~nvo!ved in a"> 

with PABX. tht'Je definitdy ,.von't be a diaHng tone lnstc;1d the recording of a sound 

emuEating the convl.3ntlonai ph~)nc fing lnne i$ US!?~t When a caner dials the number ofa 

peef, the snund me is activated whkh lets the can recipient know he is being called. ano 

:abo a pop--up oiaJog box appears on th(~ scr!?A.~n interrupting whatever program 1S being 

fUlt Impkment&tion of this project is achieved with the JAVA Pn)g.ramming. 

Java is a h1gh kvd programming language that was' developed sddy with the 

rnu.;~met in mind. Most web programs used today arc dedgned using the JAVA 

pwgrammlng hnbruage, It ha~ unique aHrilrutes embedded into its design features which 

make ~t the proglam of chdce {tJi most weh appikat10n developers. It's embedded des~gn 

f(~atuf(~ include; Ohject Oriented Programming (GOP), Platform lmkpendence, High 

Performam:::4.~> Muhi~Ttueadin& and Dynamic linking AB these h~atun .. ~ have made 

proglammiflg complex. applications rathm sirnpkand stx<>!lght. fonvani The design 

ft~tun~s would be explaim~iin de-taU so as to aid an under~tanding into WRy JAVA is 

very imp<xtani in the implementation of this project 

20 



Y 011 Cj;m walk into a compu1l>.f stme and. with (1 Httle background and ass{~nhk an 

entire PC computer system from V;,.ui(RlS cnmponenlt';· a rnntherhoard, a CPU chip, a 

vid!~ c-ani, a hard disk. a keyhoard, and 50 on. ldt'2Hy, when ynu finish 8ssembHng 

an the varinus t'idf.contained uoits, ynu have a system in which an the units work 

together t~J (..--reate a larger system "\vith whkh y!;)H am sotv~~ the problem5 you bought 

the computer for in tJw first phv:;e. InternaHy, each of those o)mponents may he vastly 

compHcated and engineered by different companies with dincrent methods of design. 

But you don't nee,d to know how the component '.'lorks, what every chip 011 the hoard 

does. As the assemMer ofthe ovcraH system, each compnnent you m~e lS a seH' 

containe.d udt, ami aH you are interested in iR how the units interact wlth each other 

wm tois video card fit intu the slots t)n the motherboard and wiH th~s monitor work 

with this video card? wm e.ach particular compunent speak the right commands to the 

other ("))mponents it interacts with RO th;~t e.ach part of the computer lS urHlerst.mJd by 

every other part? Once you know what the interactions arc hetween the components 

and can match the lt1ter-actl0nR,vutting tug ether tht~ ov{~ran system 1!{ eagy, 

What does this have to do v,lith programming? Everything Obj{~c:.t-o~1ented 

prngranuningworks in exactly this same way. Us~ng nhject-ndente.d progranuning, 

your overall progmm is ma.Jeup oOots of dine rent self-contained Ct1mponents 

(objeds}, each of'which has a spt~dfic H)k. in the program and an of which can talk to 

t'Ech other in predefined ways, 

Ii 



lava was design(~d to Dot only be (;ru~s"'pladhrm in source fbnn like C, hut in 

compiled binary nwm, Sinct: this is impossibh.: across pwce~:;snr architedun: JAVA is 

compikdlo an intermedlah~ nnw c:alkd byte-code. A java program never reaHy 

executes native on the host mac.hine, rather a l'lpecia! n:ad ve progr<'lrn caUed the J A VA 

interpreter reads th!;~ byte code :and executes tJw corresponding native machine 

lnstn.lctioI1s, Thus to pod JA VA prog~ams to a new pfatJbrru :an that is nt'eded is to 

port the interpn~ter and some of the Ebr<lry routines. The bJ1e~code is pn:c1s!.dy 

deHned and renlatn sanv:: t)n aU piatfonns. 

The St~(;ond important part of making JA VA cross-p~atfbnn is the elimination of 

undefined or architecture dependent constmcts. Integt~rs are aJw:ays fom bytes kmg 

and floating point vadahks foHow the IEEE 754 standard for (x)mpukr arithmetic 

exacdy. One dot~~m\ need tQ worry about rewriting a program to fit tn the deslgn and 

Mchitt~tme of various o)mputer sy~tems and operating system. JAVA in es~ence can 

be said to be "write once and run anywhere", 

3.'1.3 JUGH PERFORMANCE 

Java byte code~ can be compiled (m the By to code that rivals C'H in~peed using a 

"just in time compiler". Several {,.~ompanies are aho v-lOrkil1g on native machine 

architec.tHH~ compHer~ fix lA VA., These win produce excc;utal."11e code that does not 

n~quire a ~epafate interpreter :and thafis indhtinguishahle. in t-=;peed to C+'I' . 

WhHe you wm never get the same spee~i out a J/\V A program lhat ynu might be :abk 

to, writing from C or FORTRAN, the result!; wiH he suitable H)f an bU1 the most 

demanding appHcatior13, 
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htva is inherentty multi-threaded. A singh~ JAV}\ program Gm have many different 

threads executing independently and c.;:mtinuotlsly, Three lAVA appkts on the sarne 

page can mn togetherw'ith each getting equal tirm~ from the CPU w~th Vt1-y' little extra 

effort on the part of the programmer 

This mah$ JAVA vefY respm1siv(~ to user input It also helps tn contribute tulAVA 's 

mbH~1nes~ and provides a mechanism wherehy tht~ JAVA environment can ensure 

that a malicious appkt doesn't steat the entire host's CPU cycles. 

There is a downside to mu!tihihrMding, muHdhreading i,51 to lA VA \vhat pointer 

arithmetic is to C, that IS a SO!Jr{'A~ ofhani to find hug..»- (an error in a computer 

program), 

3.J..511YNAMJC LINKING 

Java does nOl have a dynamic Hllk pha.;;;e, JA Vi\. source cmk is divided in java files, 

H}ugNy one per class in your program. The compikr c(~mpiks these into . class mes 

contmning byte ~~ode. The cmnpiler searches the (:urrent directory and diredoflcs 

spedJ1ed in the CLASSPA 1'H enviromneot variahfe to Hnd other dasses expHcitly 

n.~ferenced. by name in each source cotle file. If the file being compHed depends un t.he 

other norH;;nmpHed mes, the cmnpik"f wHl ky to find them and cnrnpiiethem as welL 

The compiler is quite snlar{ and can handle dfcu~ar dependencies as \'/d! as methods 

that an~ used hefore ilit.~y an.~ dec!ared.· 

More importantly, dMses that were unknown to a program when it was compiled can 

stm bt~ foadt.'ti toto it at n.mtime, Ft)f exampk, a weh brov·/ser can load appkts of 

differing classes that irs never seen before without compilati()r!. 



This f?mgnun 15 designed to eage ~:;.ommunkation over a network The major 

chaHenge in the mnning of this pmgrrun 15 cap1uring the analog sound (}f video images 

from the mk,mphone Of web cam, huffering It. and transmitting it seamlessJy to the 

and reply in a two way communkstion (fun dupkx mode). The figure bdow shows the 
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program by (;Jkidng. an icon on hh deskiop, then from the program's edit menu he 

choows "ccnfigure server" option which wnHgmes hh~ local server to Esten for any 

incoming caBs from otnt.1' ca.Hers un the network. He then starts his V1rtuai intercom by 

HNew CalF'- from the fi~c menu. 
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establish a connection with another on t.he network Le. a te:d-fidd displaying the caBer 

identity and other fields to input the recipient syst.ems IF addn.~sses, and also a choice of 

what type ofmooi<l is to be capturoo, that is audio or video. He then makes the caU by 

dkking on the send button ru1cl the specified recipient is prompted about an incoming 

caR As hmg as the can parameter are correct. and the othe,r perron'\; software is fUnning 
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3.Z.lINSTAI.,l"ATION 

The program t'-I!lH have to be lnstaHed on t~ch system the application wm run on. 

The pn;grnrH aUfomaHcaHy acquires the iP address ofthe system un: vvhkh it h; instaHed, 

so that its ioc.at server can be easily configured without much prohkm'!.The program uses 

a JAVA Runtime Environmt~nt (JRE '.S.G) t.o ex.ecllte and also JAVA Media. Framework 

OMf.'} which is an API (Apphc~tlon Package Interface) that does not comewhb the 

l:.aandard JAVA tlevehJpment toolkit, has t{) instalkd then the pwgram is ready w mn. AU 

other lP addresse~ of the other systems on the netwt)rk would have to be obtainoo 

manuaHy. They a.n.~ imlX'M1ant hec.am:;e theoo a.ddresses are used in pJace of phone 

numbers to estAbHsh the connection betwt~n ptwr;t;. 
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·(:lIA.PI'ER F()liU 

4J) SYSTf~1\1S REQtHREl\lENT ANn Il\lPiJi:l\lENTATUJN. 

Tms chapter highlights the requhements needed h>r the smnoth running ()f the 

pWfjmn (both hmdwme and roH-ware) The Impkmentation ufthe program is also 

explained in this Chaptec 

The a1m nfthls project is tu enable the S{)Hware !n run nn any computer platform 

(any opcmting system). To do so would requjre ~mne software" appilca1ion packages and 

API's (application packagt~ interface) 1() be instalk;d basically on every computer s.ystem 

to ena.Me the sotlware intercom to tun eHbctivdy. 

4.1,.1 OPERATING SYSTEiVt 

The soitwme most ddinitely requires an opt.'fating Syst\~Hl to mn on the computet­

An optrrating system manages the resources of the computer system i.e. h~Hd\'\'afe and 

sofi.v{are resources. T"he softwam n.H1S un any of the major operating systems available in 

the market or the I.T. ~Nodd i.e. \VINIJ()\VS 98~ 2o-00~ NT~ ANn xp~ others would be 

LINUX.~ UNIX~ and MAC OS. 

4.1.2 RUNTI!\il~ ENVIROl\lENTS AND API'S 

Since this program wa.~ ~'1itten in JAVA, in nC{~ds a runtime environment to 

interface it "'<vito the operating system <Jf choke, h uSt~s a JRE 15.0 {Java Runtime 

Environment version J.S.D}. Another very important Applicatkm Package Interlace (API) 

needed to run this program is JMF 2.0 (la.va lVkdia FrmneworKs 2.0). trs importance 

and ptUyose Wf~ldd he expJai ned beknv, 
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,favaM.cdia Frameworks (.fMF 2.0h is an appEcation pWgJamrrling interface 

fhr in (:oop('"fating time based media into JAVA apphcation and applets. This API 

supports media caphm::: and addresse~~ dl{; needs of apphc<1tion deveiopt':fS who 'Nant 

additional control nl{~r media processing and rt~od{,dng 1I also pfovides 3 plug-in 

architecture that pnvides direct aCf.X5SS to media daw and enables JMF to be mGn~ 

cum.omh:.ed and ex.tende~.L 

A comput{~·wit.h fuB muhimedia capabilities is ~he basic reqdrnnent for funning. 

the prugram. There should be ~nstalted a good1hH duplex sound card, with v.,furking 

speah~r~ and a microphone. Option:-lH y bocause t.he snftware is also capable uf 

transmitting vid{;os, a TV card coukl b.~ instaHed too This form~, the lnterfac.e ne{~ded (i..){ 

\~onn{;cting a vkk.,Q cam(''fa to the computer. A wwcam can be u~d instead of a video 

camera tvhic;h n~quifes a TV card, pdmarily hecau~e thewebc<Hl1 can be connected to the 

l,;;ompu1ers usn port with no nc~xi for extfa expenshlt~ hardware. Only draw back to using 

a wt,{;cam is that the quality of pictures is greatly diminished 

4,,2.,1 .A QUALITY L()CAL AREA NET\VOH.K (LAN) 

Today iocd an~a netw()fk~ng is a shared arf:f%§ technolngy. This means that an of 

the devk;es attached to the LAN share a single o)mmtmicatlrm m{~dium< ll5'UaHy a 

coaxial, twisted pair Of nhcr fJfHic l';fibk. Several computers are c~)nnected to a single 

cabk that. 5erv{~s as the commtmkMinHs medium n)r ;·dl of {hem The physkal connection 

to the v/ork is made by putting a network interface (;ard (NIC) inside the computer and 

COfmectlng It t(1 the network caMe. Once the physical cnnnedion 11'1 in phu.x~, it 1S up to the 
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network software to manage (XHnmUrllcation hdwt',t~n station~ on the nehvnrk This LAN 

should of quaHty sp~& 

4.3 PROGRA!\<i ll\lPLEl\fANTATJ.ON 

Tht~ system works with both point h~ poin1 and pOint to muhipoint t:onfigHmtlon 

v.rith fhH duplex transmisskm f<)r vnice and video confnencing Th;'~ means that the 

s{}fiwan~ w{xks as hoth a dient and server softwan~. The pwposc of tht~ server is to 

listen in on any (x.nnrnullicatkrn in th~; network that is addressed to the IP addre$s of the 

computer it is res.ident on. rt t!-H~n Idays the message to !he client addressed which in this 

case is the cQmputer it is running on. 

Wht~n the program is humdmcl the soH-\l¥'are is configun..'tlto set the mach~ne to 

recdve any incoming calls from ~moth{'r on the nehvorlc By default the smyer is 

inWaiized thnmgh TePtII' s{>ckd-sncket c:omnmnicatinn on a sekded port (900 i), When 

a caH is being setup the transmitting station i~ requhed h} rrovidr~ user hkntifkation 

whkh is tmnsmiftea along with its IF address tu the n~ceivjng end. Thjs. enables the 

receiving end to know what machine on the network is trying to establish a connection. 

The transmitting system then sets up a soekct <~ommunic:ation w1th the receiving 

stai1nn. During thi~ caB setup phase, the tIansmitting and the ft~C!:.ivtng statiun agree un 

tfan&mlssinn pammefers like the RTF sessinn port. the at!ciin quality signal (t.his particular 

implementation usc§ the base sampling quality on th{~ sYl:lkm, specificaHy H~ing the 

foHmving audio tbnnat; LINEAR, 8000.0Hz, 16··bit, Mono, Ut.deFndian, ~igned) and the 

capture devic~~ used i~ Java Smmd Atlt1io Capture locator'" java ~ound/ 144100whkh 

fepre~ents the system micnJpnone. Other capturing syskm im.:::bde thc systeln dependt~nt. 

Direct SQu.nd Capture (io·cator '" <hound :II). 
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Baskal~y, there are four moduks Of segme,nts, 

1 Capture the Jw.:xHa dala hwn the input device 

2. Enc.ode till) capturoo audio data. 

3. Transmit the captured data 

4. Dec.oding and rendering tlw data stream at tht~ dC11inatl0n 

4.4,,1 CAPTURING i\-lEDIA DATA 

To cap1ure media data: 

Locate the capture device to be used by qUf)rYlng the C~ptureDt~vkeManageL 

Gd a Captuf(nevicdnfo .object for tht~ device 

Get a MedjaLo(~ator hom the CaptHreDevicdnt\.l object and use it to 

create a DataSuurce. 

Create a Player or Pn)ct'.ssor using the DataSoUfC{~. 

Start the player or prCK?CSSOr to hegi,n the capture procest';. 

The pro~:essnr can be !XmfigtHoo t.o transcocie captured media datit before 

presenting, transmitting, or storing the data. Tn encude captured ~u .. H.ho data in tlw IMA.1 

fon-nat before l'<aving it to a me: 

1. Get the MediaLncator flJr the capture dt~vlce and COBStfUct a proc{~ssor. 

2. CaB confibrtlre on the pro-cessor. 

3. Once the processor is ~n the Configured stale, can getTrackControh. 

4. CaB wfFormat on e.ach trac:k until one that t:an he converted to IMA4. 
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could be captured and trams-mitted between tht~ two systems in rhO duplex point to point 
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The bask process f<)f transmitting RTP data wlth the 5csf..;iofl manager is: 

2. R!~tricve the out-put DarnSoun.:e fforn me processor. 

3. (<lH createSendSt.n:am on a previously created and in1tlaEl.ed 

Sessinn:~.1anager, passing in the DataSouro:. and a stn:-:am im:kx. The session 

'.). Controt the transmission through the SendStream method;;;. /\ Send Stream 

Ij~tenef can be registered to listen to t>.ven1s on the Send Stream 

1 S k "'rp . . . '" ci up hIe h J. seSS10n 

SessinnManager pmvided with the JMF H:-.f;:-:rence implementation.} 



2. In your AVStre:lnnLi~t.enel' update methmt watch f{H NewRedv«Stre~nnf:vent, 

which indk~aks that ~\ new data stream ha.s;; heen dekct(~d. 

3. When a NewRedeveStn~amKv~~nt i~ detected rdxi .. ,:vc and Hct".leveStream from the 

NewRedeveS!reamEvent by caning gt·t.Rcd~vcStrea:m, 

4. Receive the RTF HataSrmrcr. from the ReedvcShTMtl by caning gftDa:taSource. 

This is a t'usbUufferOabSoun:e with an R TP-sp~:inc Format For ex,'llnpk, the 

encoding for a DVl ID.ldio phyerwHl beOVi .. RTP. 

5 Pass {he Data SouH .. :e to managef'.crcatt~pJayef' to construct ~ playt'r. For the pb-yer to 

he 5tlccessfhHy constructed, the necessary plug-in for decoding, and d!:.:paGkdll:1ng the 

RTF-formaH{~d data must b{:) available. The basic files used are. 

L ,<\ VReqnestListenu,java 

2. ,A, VStreamUstener.j~va 

3. AVStreamTf'ansmit.t.er,java 

4. Vlserver,Java 

5. Vinb.'J'(',(H11.tb%§ 
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CHA.rTF~R 5 

C()NCtlJSI()N A.NIl RE(:t]i\lMENOi\:rION 

5.} PRO.n~CT CONCLUSION 

in cuncluslon., the impfement<lt10fl of {he project \vas sHccessthl. Companks with 

good net'vVork instanation can enhance the functionality of their network by using this 

software intercom. This win by pass dw need fOf expensive Private Branch Exchange 

{PAHX). The luswHation i?:> aJso (~a?:>y. The protocob involved in the program do not 

feM.~rVe bandwidth so this \vin Hot slow the network dO>NRMom so, one example of how 

today's open ?:>tanciard cnmpom;nt can he assembled to support a nmltimedia application 

and can be used v.ith audio conferendng over networks. The tn:.nd toward telecommuting 

and virtual dIke has created both near-idea! condition <l.m1 a legitim.ate buslness need fi)f 

amtiD and video ( .. onferendng. 

The arc.hitecture ofth~s sothvare has been designed. and tested to provide network user~ 

wHh CORt effective, ea!';y" reliahle multimedia communkatkm ov{~r a network 
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The program is designed sldd~y fi.H· 5>ysH~m5> on ~ network~ further study could be 

done to interface the program with a Public S'.vikh Tekphorw Net'.!iork (PSTN). In this 

m<Jde a regular tekphmte (",<·111 is received hy the secreta.ry and redirected using the 

soHware intercom to the taiget recipIent of the caB 1'lIi:. wiH be of immen~e uSt: to 

txwapanks and industrial i1rms. 

Another recomnlfmdaHon 1S thf~ installation desIgn, work st<'ltions could be made 

to iosiaH from the s{:~yer and used In numhers so NJr every fresh inst.albiion the existing 

numher are alJtomaticaHy loao{;d into the address b<.XJk resident (w the \vmk station. 

Furihermon.~, the issue of security could a~so be ~l1tegrawd into the pmgpml, v;here IJser 

impcrwnaUon uver dw uetvlork 

Vdce mc%.aglng could aho be incorporated, so if any work station isn"!. logged 

OP", whenever the work maHon g,etsluggcd on trH~ mes};(lge could be rchlyed in a more and 

tbrwanj methud (just like voire mai!). 
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pmpert~es. For the purpQ~e of d{K1.tmentation t have excluded aU fibs t.hat where used to 

cn~te the GtH (graphical U1-icr interface) 8Jtd inch.lded only those that form the core ofthe 

A VRequesH .. lstenerja.va 

AVStn~amListenerjava 

A VStrcamTransrnitter java 

AVSefvt.~Java 

RemoveiJserEntryj ava 

caHPane! .java 

startP and .ja va 

SoundPlayer.java 

Vl nter com java 

1 AVRequestListener.Java 

import j>3'1('1.io.*; 
5.Tf:.pG:rt jasa, titiJ .»; 
impor t j a\?;;'l. net. " ; 
Itr,port j a.va.x. .medL:'l. » ; 
lmport javax.media.rtp.*; 
import java~-L swinq .... ; 
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S~n~vcr Sncket ser vetSock'" iTt} 1 "l. ; 

S()(;k~::t:. tlSt~.r·;~;~)r..-:k· :::::~ r~t;..ll; 

Strin9 sF<n:::1.nnlD = nuJJ r user-Name ... n.u1L 
t1 s ~:: .. r .r F~ :":':= 11\..1]. J ; 
in t. 1J8 f.:- r: l?c~.t t~;-
Strinq'J\)h~nizcr token;:; 0:: null; 
DatiJOutputstx.eanl. GuLpuL :::. nuI t; 
Dati:'llnput;:5tream input ::: null; 
Pr i nt St. IT <-:nu pI in t..::: nun; 
St.ring di'lta :" nuLL: 
J\VRcquestJ.,i5t(~ner (tnt tCPP(H.·l".$ ,JTextj\r:{~d [,) 

n"'A; 
server-Sock = new ServerSocket(tcpPort); 
caL(~(Exception el I} 

S ti'H t {) ; 

pd.lU.c vuid run () 

t.r: .v 

tls(:::f."!5(!c~k ~.z: ;':;E:.rve1·~·)c~c:k .. a~:=,r:.e:I)t. {; ; 
.i.npu t ,,:; new 

LJa ta InpulSt r (:am (usc :cSock. Jet Inpu t<:~ t: ream ( } ) ; 
data "': input. n:adLJ.ne. {} ; 
toke.ng ::: nF!H str.~.nqT(}ker::."l.;;-:er (d':lti.S("! Hi,~ 
se8~d.(>nID::: toh:ns oncKtToken{ l ; 
USerN'::1iu\::: ::; tob:;ns, nextToken (j ( 

userlP = tokens,nextToken(); 
usexPox:t. "" 

Inteqnr· .par se Iut (tokens. next Token ( } ) ; 
System.out.printlll("New client joine.d 

~ '$}seS~,i(Hl.l.D+ " '$+·u~.;;etName+" "+nset1.P+ " $'+userPort.}; 
;:rOptirYr1 Pane. shl)~":lifess.~qeDl. a .l.oq (nul 1.. ( "N,:.:"-; 

c'Jient. jed.ned ~ Info; rI-I-;.:;ess.lonID·\ H <!·!·u;.~crNi.unc+I' 

~$·!·usp.!:IPt ~~ ~'·H.lsc.rPrH:L JOptiOl1P,"lne, FLAJN.J1f..>~Sl\GE); 
B.sctText(HNeweli.ent ained : Info: 

H ·1· S{~SS oic;!i I fH 1~ <! ·IUS C .rlL:uue .\." ?~tlJS er P + .~ ~'.;. u.:.:;c d?o It} ; 

tl",-/ 

{ 
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Ht:rrv) ve U :.:; (~l:'En t r. j U;'IUU v (·U~";: r E n t y 'y''' n <::=~""j 
Rem/)"n;UserEntx.-y(sessionTD t w.:;er1'·Jams); 

catch(F;xccption e;v:;} {? 
U:.:;erJnfo uSf:.rInfo ::: new UserInfo {:.:;r;.s:.d.onIDy 

U50rName~ userTP t userPort, userSock}; 
tf (!VIservE>.r .u:::;erlnfoT.~jble.isEmpL.,/{) .~f:; 

Vlsf.~x\ler. USEI' In,foTable. CO.nt ill nsKey {~"e:)s.i()n.r D) } 

( (Vector) V T:-!erver, US(~ r: In roT.ab Ie, qs t. 
(scssi0nID}) .addElementtuserlnfo}; 

Vector' {i } ; 

( (Vector) VT1:;C.'f.·ver _ usc:rlnfcTable A qet (sr:s~" iun II)) ! _ addE l!:.:ment { 
userlnfo} ; 

/*dv?ckto'f th.~ dudiG .. ·\l'i.dr::o str(~i.'lm* / 
if { ! VJscl'ver. mi:~nagerH,_'!pTat;>J.E~. is.E.mpty () && 

VIserver. ,rnanaqerHapTab Ie. (xmta .Lns1<ey (s~:=:ss.ionlD)} 

{ 

output. ::: new Dat,aOutputStr{"dm 
(userSock, qetOuLputSb:ei.'l.m () } ; 

print "". nEW Pt.i.ntStrea.TI.1.(out.put}; 
print,println("Y") ; 
}\VSLrearn.Tl:an::;mittel: t.ran~md tt":~r .", nc'.:'ll 

l",V~~treamTf'i.HisnLi. t teT {sess i on 1 jJ~ 
userNalu!:; ~ use r. I P, u;.:;el~ Port} ; 

} c01'Z'.:h (Exc:;~pt.i(')n e) { } 

class Uscrlnfo 

Strinq lscs;.=;,';,onID·-- 'flul1. r USerNi::l.mE "', nulltu.s(~.r:II:·: 

int 1.lserF'ort; 
Socket sock; 
U5errnf~(Strinq ses5ionlD, String userName, String 

this.sessionID = ssssionJD; 
thts, uSEr'Nams"" uSHr'Name; 
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Lhj,~:3. uS0..rI P :;, user-IF; 
thJs v nsex:Por:t '" user·Port; 

class HTPNanaqerTnfo 

strinq se~~rdonID '"" nuU t tlser.Name .. ~ nuJ . .1.; 
RTPHana 9f3 r r: tpHqr: s; 
FrOCPSS(ir proc; 

RTPH"l.rl.a.q(~rIn [0 \ S Lrin<; se:');:; ion IDf ;:; tr inq u:serNamt=:', 
RTPMani:~qer x·tpI'1qr:s I PnJcessor: pro::.:) 

t 
thoi.L.se~>sionID :::: ~.:;c;ss.\.onlD; 

t·h.i.s"tlG(;~~~Na.:ne ::: tlst:;r'I:J!.~rn~~; 

thi;.:;. rtpHqrs::: rLpMqr s; 
this,proc = proc; 

2. AVStreamI~istener ~ Java 

i.mpor t j a \'i.1, i 0 • '" ; 

import j 21\"'.:3 .• li.et v '" ; 

.uupo.rL j a '.J a . lIt i J • " ; 

.unport javax. media, ~; 
import javax.rnedia.rtp.*; 
i"mport. :J a.7ax . IrH:::-dia ."f tp. event. < ~; 

import javax.medi.a.rtp.rtcp.*; 
import jff7ax.media.proLocol.~; 
.i.ulport javax .medL;:L .rtH~mdt. *; 
impol" t j avax. m.edta .. cont. ro1. * ; 
.import jnvax. sNing. *; 

publ icc J.a~:;~:; AYE) t. rcamL is Lener i.rnp.l.emc~nt~:; 

FV:;c:ei v~=<) t tearnLi s t.~;ner r SensiunLi s tenr:x 

Str.i.nq s~:;SSiOtlJ.D .. :::;: nu 111 <'Jset"Nanl/~ ::: .Hull; 
F~~rpM8J~a{Je·l" m~Jr5 :::~: 'n~llll rt.[Jt--1g.r:s. ~:::; l1ull.; 
Va taBoUT Ce eta taCH"! t put. :::null; 
Processor processor ~ null; 
boolei.H1 dataHeceived ::: faJ.s(;; 
Ohj '.:;ct daL1.~-:;ync; '" new Or.;j eel. () ; 
boolean waitFlag = false; 
String address m nul.1; 
int port; 
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31'exU\rei.~ C; 

public AVStrearnListener(String address, int port, 
,JTcxt.Ar{~a A} 

r;.:::.A.: 
t r~ is oJ> a.rifJr f1S S. ":::: i;:~ d<.i 1- c~ S S ; 

this,port "'" port; 
init5.aliz r2() ; 

/,~ This method is uSEd .f::)t:' in.i t L.di 7. Lnq the 
sess.i<m.~.:; and add the se~.:;;-.dJ)t1 li;::.d~{;~w:.~r· >:1nd 
l"eceiv<2stre<'Hu listener to the P'ITHani.:q(:r class, 
~.:;:et: the butfer length. and detf!ct the ne',·) st.team & 

participant det<2cted whenever cv<:o:nt gCr1.!3::r<1ted 
*/ 
booJe,:1o i.nitia.l.i?,e() 

try 

I *C1:"F..'ate thf~ new·i. nf,'tanC!.:; oJ H'l'PI''L:'lnaqer~ /" 
mgTs:" (P.TPHan;:qer l FTFHana.qer < new} nstdnce {} ; 

/+add the :.:;essionLisLencr;'·; 
mg.r:s < adz-i::)essicmLis Len('.t {tb is} ; 
/4" add the Tec('J. veS t r<2i:,mLi s t:.en.el~ -<: / 

mgr:s. adrlVcO;:1. V(:st r eamListener: {thIs) ; 
Ses~:.;jo.nr\x.k!.res~:; local '"" n.e"'; 

Sessionl\.ddrf.':;:;;s {InctlvUress .getLccalHost (}, port); 
Sess.i.()n.hddtf.'::;~s destLna.tion <:: lH:W 

Sessicn.Add.n:ss {Tnetl\ddre~:;s. qetBythrmc (add1:ests) i pot: 1.:} ; 

,nqrs, initJi'd.izf;; (local) ; 
mqr. s • Fl.<ldT d r qet (des t .1. na L .ion) ; 
BufferContx.ol be :;:: {Buffer·Control} 
mgx's A g(:tCont ro.1 

(}jj avax, mc-dia > cc,ntrol < BuffetControJ·I) ; 
if (1.)(.: !::, null} 
be. s0t:.Huffe.rLi;~nqth (~·)O()) ,~ 

} 
eatch(Exception c) 

Sys tela, er r .• pr in tIn (l'Cannu t cr.Cd tf'~ the ETF S0;.:;5 i on ~ 

C.setText{HCannot creaty the hIT Session: .. t e); 
x: (;t.1Jrrl f'al~:;(~; 
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!~ close the RTP sessi.on.*j 
if (mqrs 1'"' rin.!. 1) 
{ 

In~J r S .. r: ~~n1c:\(€:T:a r (Jf!. t.;'=; ( n C: J.t};.;; i n.~J ~:.; (~S S i () r"~ ?~) ; 

mqx:s.d.i.sposp.(); 
mq:-cs z:: null; 

.I ~ E \·'(;n t qencor. i'l t c ~-ln(;n l:lC\-l r.l!11~ t .1. cLpa.n. t j u.\. rL.~ .;,./ 
puhLi.c synchronized void update (:·)c::~~:;j.onE'.lcnt f;vt) 
{ 

Parti<::ipant p ::: 
( {W;;',<o}Pa r t :lei fFJntEven t l evt} • qf.~t Pa rti cipan t { ) ; 

if(processGr !::o null &!" ;rsait.Flaq ~,::: L)I~:;(» 

1 

w.::.!. it VI a q:o: t IU;;? ; 

sa\;eSessiunJ\"ndTran:5H.Li t (p) ; 

else .\.f(waitFlag) 

/-}'F.;\lr~r1t q<:.:-:rlf~r~:;.tE.~ .. ~.;"t1t~r: IiF':"v-'; strt:?~.:t:rn .-is ~J(.::t.f?-f;t(2:(i.~/ 

public s~lchronized void update ( 
H.ece.i v·!.:}~·5 treamEven.t (;-:vt.) 

RTFNanaqer mgt 0:: (R'l'pt:1dn~)qcr-} C\tt , elf>. tSou.r.ce ( ) ; 
t'i.H·ticipan t p<:-'"!xt·.!. cipant": evt, gctPart icipant: () ; 
Re.C(;lVeStre8m. stream '" evt.,qf;tP.t:'~ceive:3tref:1m{}; 

if {evt .i.n.staI"lC,;:ofRemu t('Paylo(.h:l.Ch.~.tnq(:.E;~J(:~nt} 

~3y.stem.e"fr.pr.\.nLln("·· R(;c;eoi.ved an HT.P 
FayloadCha.nqeEv('~nt ... ) ; 

Syst(;m. f:~.rr . printIn ( r1 SGrry ( cannot handle pa.y.l.oild 
chaJv)P. r,) ; 

C.set.TeKt('! ... Rece.l.v(;d an HTP 
PdyLoadChanqt:EvenL. \n l

< -{-

~! Surry 1 cann.ot handJe ·pay.1.oad 
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t.ry 
{ 

I*get the stream*! 
~5tream , .. 

( (He1,-.;n.i,;-ceol.vf:Strei.HnEvent} evt) • getEeceJ. veSt.t'ea.TIt () ; 
j·creaLe the datas0urce from the stream*! 
r;i.~taS()uy:ce d~" '" strcam,qetDataSuutc<:;- (l ; 

1* Vi.ud out the formats.*! 
RTPControl cLI ~ {RTPControl)ds.getControl 

(~ja'yax .media < rty, ETPControl.s'l ; 
Syst.em.err ,print],D ('~ ~ Peci:'?v.ied new RTP stream: 

n + ctl.getfbrmat()); 
C.seL'.I'ext(,r '~Fecev.i.ed new HTP strei.:rm: .! + 

cLl.getFormat()}; 
!:>. crei:'lte a processor.· to ha.nd.l.e th • .: 
input. ·m{~rha locator:>.· / 
try 
{ 

pl:0ce~:;sor 

javax.media,Manager.creaLeProcessor(ds); 
• catch (Exception npc) {} 

"...ra.i t YorStB te (pror::e:'3scH.· f 
Procec::>~:;c,r .Co.nfiqurcd) ; 
C()lit,::nt.Descl: ipt<.;r cd ,," new 

ContentDescrint.or: (Conten.tT);;1scrintut". RJ\WF.TP) ; 
6 ~ _. 

proccssor. ;.~etContt'mtDeacT:.i.ptor {cd) ; 
HaitFoy~)tate (processor), Cont.f."ul1cr. H.ealized, ; 
,I:>. Get I: . .he output cL"lta S()ut·ce uf the 
rin)ceS~50r* / 
d.at.JlOutPUt:. "':PJ:ocessor, gf.'.tDataOutput (); 
PushBufferDataSource pbds -

\ FushBuf. terDat".aSoun:::e) daLaOut.put. ( 
PushBuffAr~)U:'f::am pbss!.l ... pbela, qetS t .re~HUS (} ; 

Send~·)U:eam sendS1:.rt';<Jm; 
tr.y 
{ 

rtptlgrs ~, ETPHi'Jnaqcr. nm·?1nsbmc{} (} ; 
Sf~ssi<:m}\.ddres5 JOG.'!1 '" nPtl".,i Ses5 .Loll!\ddr·e.s~:; {! ; 
Sessi()nl\<.Jdres:.~ dt~stl.nat ion "" new 

Sess:.i.onAddy:ess (I.neLi\ddress. qet".J:ocB lEast ( ) r 9999); 
:rtpHg:r-s < Lni t.1 ali ?,e { :1. oca 1} ; 
rtpMqr:& < addTarqet {de:.:;t:l. nation} ; 
f';endS t.r·caIn "': 

d:.pHgr,5 < createSend.Stream {dataOutput)' O}; 
se.ndStream.start(); 
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} 

} 

processor.start(); 
3,t (IJd.r:L.L,;i.pd.nt 1:::: Dull .>;~; 'v/a5t.F'la9':::::ta.Lsc; 

!. 
-;,..;a.i t F.l.aq "" t .rue; 
savF~Se~:;i.donf\ndTr ans,d. t (pdT ti c.i pant. '; ; 

e.Lse 1f(waitflaq) 

waitFlag = false; 

} catch CE:xc;epU.Gn e) {} 
ir:at.(;l"l {~~~~·(~.t:3pt.i()rt f~~.t f} 

/~<:'vent. ~F,:n(~rat;ed wh!2Tl u::;er dj5cOnn(~cted.* / 
f.:l S~~ 1. f {~:3-{,1 t i r~s L (l.rJ. r; (;() f r~· "/eE v f;-C:. t. } 

try 
{ 

catch(Exception e) {} 

/* TIllS Inr:thodis use.d tOI.· tran:.:;ml.~.:;~.,iun (ji. strr:am 
from the server to the user ~I 
void ~:;av0Sel:;S 1 nnj\ndTransmi t ('Fart'i cipant~ p) 

try 

string 1nfn ,~ p.q,<:,:tCN1-<J:1E{}; 

;3tr:.Lnq'l.'okenJ./.-:ex: st ::: new Strin9Tokenoiz(~r: (Info,"! "}; 
~:;e8siGnID "" stvne:.x:.tTok~.:m{';; 

userName::: st < nexLToken {l ; 
Sys tem. ou t .pr.in tln I HUser j.n fo. .. ., l- sess inn 1 D+'~ 

'f+ lJserNan:tf.:;1 ; 
C.setText{HUser info. >. ·~{se;::;si.onln+·~ '~'HlserNamc}; 

RTP1'1anag~;rr.nfo mgrlnfo :"nc\"" RTHAandge::lnf(! 
(se~:)~=.;jon.I D, user-HarM:? * r tpMqJ'-5 (pn)CeS::-:;OT} ,; 

j,[ (! VTseJ:·ver. _.manaq'<:;r:}1apTabl~:;. i. sEmpty {} ~«~ 

VT -5 (> r.ve r • rnanaqe U'1>rpTab 1 e . C(:lH La. i ''l.'3K(:y (;.:;(:;$ s ion .TD) j 

/ .... a.lready tri3nsndttinq the strPJ.U'ft in thi,'~ 

session as server only allows one stream per 

SysU;;m.oi)t,prinLI.n{"SOTry only one u.s(~r is .~l11owed t.G 
tTi.H1Smit 'in this st';;.:;sion : ~+sessionTD); 
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C.setText {1'Sorry on.1.y one tls'::.rls ,::d . .1:)'vwd to ttdnsmit 
.1.Il tJJ.i~(3 Sf~~:;;.:;J()f1 : n};3f.~S3i()!.11r)); 

if (VIsf'..rvf:?r,user:JnfoT<a!)l('~.iDEmpt~/{) &t" 

\n:.:;e!VET, userInfoTal::le, conta.inshcy (scss.l.cn:l1D} ) 
{ 

/"'sendlnq the rcst.ricL.'um.i.nf() Lo t.he 
transmitting end*/ 
Vect.()r uC5er:Vec :" 

((Vector:)Vlserver.userlnfoTable.get(sessionID)) ; 
for(int k = 0; k<userVec.size(};k++} 
! 

UserTnfo u~:;eJ:lnfo ... 
{UsE~rInfo} { (Vector} VXservcr. userTntuT,1ble. {Nt {ses;sionID} } . r; 

.!.fmv;:mtAt (k) ; 

Da t.aOnt.put.S L ream 
({userlnto, sock) .9::~tOutputStream(}); 
PrintStream st rea.m '" new 

PrintStrei)JU (outSt.tea.ml ; 
stream.pr.i.nt.ln.{"DENY!') ; 
Sy::; tern. on t. . pr in. t .1. n (n Sendi ng the 

infr.>.nnat.ion back to the tnil1:':~mJt:tinq enrF'); 
C.setText{"Sending the information back to 

th·e Lr ansmi t t i f.1<J end I.} ; 
'} 

Teturn; 

vrserver>mm~agefMapTabJ.e,put {sessJonTDI ne\...; V12ct.or {}); 
((Vector}VIserver.manaqerMapTable.qet{sessionIDI) .addS 

lement {mg.rInfcl ; 

/*send the info (stream starts) to the user by 
TCP*/ 
if (!VI5erver.·.usex:ln.foTahl(~, isErupty() &&. 

Vrserver.userlnfoTable.(~ntainsKeYlsessiDnID)1 

int. socsizE.~ ;:: ((Vector)Vlf3erver.userfnfoTab.1.c,(jf!t 
{sessionID} I .sizc:{); 
DB. taoutpu. tS t ream do s :;: Hi) 1 I ; 
PrtntStxeam ps :«, null; 
Us€r.-Jnfo :l.nfo '" null: 
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{ 

info··· 
{Usf~r Tn fo) ~ (Vee' Lor) \llsPx·ver. u;..:;erln fO'{'i'$bJ e, get {S(~~:;~dvnI O} ) A e 
lem0ntl\t (1 ) ; 

if \ (in.to ,u~;erN3.mp) . ec,tuA 1 :.:; (n.,::)erN<:~it\f;.\ } 

l+th.L.'; is thf.-: sarf!}:} u::;cr '.,.o~ho~.s 

tra.nsmitt . .lng:s.; 
SysterrIvuut.prjntln (rl~';endinq tlic inL.).rmation 

bdCk t<> t.b;~ tL1n.smitt.in9 end"); 
C.setText{"Sending thp information back to the 

transmitting end"); 

try 
{ 

d.os 0::: new 
DataCutputstrea.m{ (into. s;ock) ,qetOutpu.tstream.{)}; 

r-)~:; :::: J1.f~Y.? PI' iritt:~tt·e(.H.r:. ((i()~:} ; 

ps. pr: intJ.n ("'yr'} ; 

Ci:1 teh (Except fon (?c';· 

f 
( J Ii .f 0 , so c k }. (~1. ().$ fe' ( ) " 

AVStn:,~amTrdnsmi t.t.er t.f."aJl;::;H\.1 t.ter .'" ne',N 
/\"\/$ t .r·("·.aJn~rt:· a.l}s.rni t. t ex {1. r1 f C: -> S f~t; S J ()I1 T [} f j !l.f() o!. l.1·S c:.rt,,Ja.me t 
jnfoAu5erlP~ in.fo.nserPort, C); 

catch (Exception lrH:::~l 

! 
S\(5t0.~m,Gut.print.ln (nExCi:'Tti.on in th~:; 

~S a}.lf~~~f!. ~1 ~.~ LcYnl\.11lj(J' .t" &.fl:.:;rn.t t n:.J~ t.l"1.c}(1 : ~~. ··':-In(:- J ; 

C A f3e tText {"Excep U. on J n the ~:;,"lV(:;Sf':S::3}.()nf.',ndT ran:.';ln.i. t. 
method ~ n +m.e} ; 

J 

t.ry 
{ 
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St ["itlq byeIn tu '''' p,:'!rt i cipan t ,iJctCI~l~~1F: ( J ; 

StringTokmd/.:pr stl ~:: new 
StrLnqTokerd.zer {byrdnfo J ?~ I w) ; 

sassi.onID ~ stl.nextToken(); 
ui.<cr.Namt'l '''' sfJ.nextToken{); 
t.ry 
{ 

VI s~;rv~;r, ·Cl;58rr~J:'!cTa.b 1 C. remOVE; 
(sessionIDt" "+userName); 

I catch(Exception urt) {} 
into size" 

{ {Vector} VIsP...cIler • manaq!;; rHi"jpTab Ie. 9f: t (sess lo.nID) } • ;:;1 ?,e (! ; 
for(int i = 0; i.<si.ze; jt+} 

R'fFHanaqcrlnfo !tH]rsJ.nfo::: 
(F.TPMana.qr::rTnfo) ( (Vee!". 01"} VI3PX:vcx· , IUi:Hli:'lgerJ1,cJpTable, qet (::;e;5s1 
onJ D) J ,e It-lwenLl\t (:i. ) ; 

if ({ (Inq~~;:;Info,~3cssiunIrn ,equa.l~3 (.,:,p::jsionTD}) 
id< { {m.qX."sTn.fo. usm·NmnE~) . e.:.p.E31.S {u::3i;.:rl-li.:@e} ) ) 

{ 

ende.d .. "j ; 
(mql·sTnfn.rLr:A--1qr:s) ,d.i.spo~~e {}; 
Processor proc = (Processor}mqrslnfo,proc; 
if{proc !"" nu.ll) 

} 

pro(;. stop (} ; 
prc:c A close () ; 
proc ~-::: nul J ; 

((Vector)VTserver.m.anaqerH<)pTablf;.qet (s;':ss).onTD}} .r:E':JuoveEle 
rt:.entkt {.1.) ; 

} 

tf((((Vector)VTseX."ver.manaqerMapTable.qet(S0ssionID)) .Sl.ze 
(} :::= O} 

{ 

} 

/iscnd the .into U~t.r·e;u,; stops) to the user· by 
'rep"'! 
if (lVl~.:;(;'.r·vr;r,userTnfoTablE':AjsETnpty() &1:, 

V I~:H;~r:vl;;r:. use!· In.t»T~bJe, cont~in5R,,;y (ses8 ion I D} } 
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((VectorlVlserver.ruserlnfoTable.get(sessi.onID)) .slze(); 
t).ataoutpu.tstn!,)m dos ::: null; 
P:rintS!.ITdID ps ::: null; 
Uscr'Info info ::: null; 
feLt" ( J tlt~ 1. :~ {); i <: s·() f.:; 5 .i t.: f: ; -1 + of ) 

info 'V 

{Userlnfo) ((Vector)VIserver.userlnfoTable.get 
{ses s jonI D} } . e.i<:o.:m.en tA.t~ ( i ) ; 
d05 ~ new DataOutputstream 

{ {iI} 1'0, soc}:} . qet Outpu tD l.redl\!' {) i ; 
ps "':: JH:':1;.'-l f'r: .intstr.eam (dc;s) 1 

try 

p s . p Yin t In ( ~'N") ; 

{ 

catch(Exception bee) 

~3Y"~:3tf.~nl~()u.t.~J;'fr·i..t1tlr1 {H.st.{)J? I~x(:r~f)t-Lc)Yl n +lJE?0); 

C.setText(PStop Exception n tbee}; 

I'+: iIt:.e~:;e .tnf:t.l';:t')(iB ~J_r.'~:~ fiSf:C! { C) I." }}B!:tril-ir1{J r;-r()(~:{-=::s.:.:;~')r·~s 

statf:; ch.anges.·k ! 
T) r i 1 ... "" ~;l t~:; I Yl t e~J(""':.r: ~:.: tat (~ I~()(:, .k~ -;:: r~ r:~ .. -..:" I n.t. (?(J~~:: I' ( 0) .: 
pTivate f.!o(.i1.ean faL1.'<:;d 
Integer getState~)ck() 
{ 

void. sE~tFai10d. (I 
L:dlr:d "" t.ru.c; 

/~"rhis Jw:;thod waLts ffn: th.c sti:'d.es of the. 
r~tC)C~,E~S~_~().r'->: / 

r~J.- ,.t';} o. te ~:; jr.n.(:h.~r·()r~ i 1,(:(.i r)()() J (~.a n. ~...ja i t l?C} rt.; t.·a~ L.E~ ('p r.'()~:f.~:S s() t· [> f 

int st.ate} 

p.addCoDtrol.letLlstene~{new stateListener(I); 
failed .~ false; 
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/""Ca1.1. the Y'lC3qU1.t'ed m.ethc)d on Llv:; pr:GC~.:;5;.=;<.n·*/ 

if (~.,tt:1te ''''''Proce;.:;sor.Confiq;Jred) 

p.confiqu:re(); 
} 

else j.f (state := Processor.Realized) 

p.tealize{}; 

j*~hd.t l.mtL} t'Hl event. L:; fin?d that conf.l.l:TIl:::l 
U!!::, Sl.n.:cens of the methnd r or a Ud.lur0 
0Vf:Hlt ~ / 

while (p.getState() < state && !failed} 

synchron.i z.ed (qetStateLock {) } 

t:rv , , 
getStateLock(}.wait(); 
cat(:,h (Inter ruplt.>.d"GxcepUun i e) 

return false; 

.it {failed} 
retu:n) false: 

etse 
:r.et.urn true; 

!* Inner class used to control the state of 
t.JH: processor:«! 
c 1 a~~5 :.:; f.;t .. i:~.t~ eJ .. i s t. r~nf:~ 1" trrsI-}1 CltH.:;f.l t 8 C;()fl t r.~c; 11 f::.r I~is t.E~n.E~r-

public void cc.:nL rol.tlC;rOpdi:'lte. (Cnntro 11.c.rEvent 

if (ce jnslanceof Control1erC]osedEvent} 
;::;et-Failed {i ; 

/* All controller events, scnd a 
Hotific,:ol.tiun to thf:'l "i--ii.Li. tinq thr:ead in 
>;.Jait.For.·State method. i j 

if (0::. insLanceof C(;>n.tr.·oLJ.(~r:Event) 

SYIichr:oni. L~ed {getSt.cd.~eI,Gck {) ') 
( 

getStateLock() .notifyAll(}: 
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3. AVStreamTransmitter. Java 

ilnpor t :i ava . 10, ~-- ; 
import java.Ilet,·"; 
.iHrport. oj 0.va ,u t.L '1. • -f,-; 

i.mport javax vUledi",. * ; 
.i.mpor t j a \?,''lX _ medi i~ _ rtp , -j., ; 

Import j :3vax. sV1.Lnq. ,$.; 

public cia::::s l\VSt.rcamTransl.n.ttter 

Lnt port; 
String address ~ null; 
String use:r;tt~lme '" nul1f~_,;(:'ssionID 

R'n2Ha_n8<:J'::r rtpHqrs "" nul}; 
JTextArca f); 

nuJl; 

pu_bl.ic }'..,V::~t.r,:::amTr;Jnmnit_ter (String ses;_d_un_U)~ Strinq 
use,rNamef ~:;tr.-in'J <H:idn2-ss, int porty JTE::r-rJ\rl::a C} 

t!"is. ~:;c~:;sionID "" s0ssionJD; 
Ud. S v u~,eYNmn0 ~~ u-serNamp; 
this,address = address; 
this.port = port; 
addHxTarget{}; 

String addRxTarget() 
{ 

try 
! 

oJ. n t 5 J. Z ('; '" 

{ (Vector) VlsPTvex' ,mi3naqerHap1'ab lC. (jet {sesn10nI III } ,Sio::,f2 {I ; 
for (int i = 0; i<size; it+} 

RTFMiJW:'lqer In fo mqrs J n fo ~ (F.TPHan<'lqe}: In to} 
{(Vect.ur)VIservcr.managerNa.pTilb.l.e.get 

(st';ss-tonlD)) .clementl\t O} ; 
RTPHaudgert: tpMgrs z< lngrs In fo" rtpMgT5; 
/+ fJ rst che<.::k whet ht'; t- the SeI·Vf;~X.' is 
alre5dy Lr.i:Sonrrd.ttinq to thi.s payticuJ.<'1r.' 

tl::.H1r or.: not*/ 

so 


