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ABSTRACT

This paperdescribesnapproacho implementingdistribu-

ted multimediaapplicationsbasedon the useof a software
toolbox. Thetoolsin the box allow the designerto spec-
ify which componentsareto be used,how they are logi-

cally connectecandwhat propertiesthe streamsof datato

be passedetweernthe componentareto have. Examples
aregivenof systemcomponentgor handlingaudio, video
and networking, and the performanceoffered by this ap-

proachis discussed.

1. INTRODUCTION

At theTechnicalUniversityof Denmarkworkis in progress
to developaVirtual SeminaRoom(VSR) asanexampleof
aninteractie distributed multimedia(DMM) system. It is
well known thatimplementatiorof systemsof this typein-
volvesa numberof technicalchallengesasit is necessary
to ensurghatdatarepresentingideo pictures still images,
soundand other information are passedetweenthe sites
taking partin the seminayandarepresentedn realtime to
the usersat thesesites, to give themthe illusion that they
aretakingpartin adiscussionn thesameroom. To dorthis,
it is necessaryo have anefficientsystemfor capturing dis-
tributing andreplayinghigh quality video, audioandother
datain realtime, in orderto meetthe desiredsynchronisa-
tion requirement$1].

Theapproacho systenconstructiortakenin theRTMM
projectis to providetheDMM applicationmplementomwith
a softwaretoolbox basedon a numberof simpleconcepts.
The toolbox offers facilities for connectingactive entities,
known as system components, via logical channelghrough
which streams of datawith variousquality of servicere-
guirementscanbe passed.Typically, a systemcomponent
is composeaf a hardwaredevice andadaptorcardwith its
driver, but puresoftwarecomponentssuchasstreantrans-
formers,alsooccur Thefacilitiesareofferedattheinterface
to a conceptualStream Layer, which is the basison which
all applicationsarebuilt. For portability, the StreamLayer
softwareis implementecasaGNU C++ library, andthesys-
temrunson astandard.inux/PC platform.

2. THE STREAM LAYER ABSTRACTION

The StreamLayeroffersits usersfacilitiesfor definingsys-
temcomponentsfor specifyinghow they arelogically con-
nectedand for specifyingwhich typesof streamsof data
passthroughtheseconnections.Figure 2 showvs a simple
exampleof a systemconsistingof two physicallyseparated
sites,eachcontainingtwo systemcomponentsavideosys-
temcomponenandanetwork systencomponent. A stream
is alogically relatedsequencef dataunits which passbe-
tweentwo systemcomponentsstartingat the source of the
streamandfinishingatits destination.

A socket, throughwhich the streampassesis usedto
identify theparticularstartingpointof astreamnin thesource
systemcomponentand the particularending point in the
destinatiorsystemcomponentRTMM socletspermituni-
directionalflow of data. The soclet in the sourcefrom
which the streamstartsis denotedan OutSocket and the
socletin thedestinatioratwhichthestreamendsaninSocket.
For illustrative purposesthesearedesignatedy graphical
symbolsasshowvn in Figurel.

Figure 1: A connectionfrom an OutSoclet (left) to an
InSoclet (right)

To passa streambetweensystemcomponentsa con-
nection mustbe setup betweenthesecomponents.When
initially createdaconnectiorconnectswo soclets:anOut-
Socket andan InSocket, which may be associatedvith the
sameor differentsystemcomponentsBy settingup a con-
nectionto oneor morefurtherInSockets, an OutSocket may
becomethe sourcefor a streamwith multiple destinations.
However the samelnSocket cannotbe the destinationfor
severalstreams.

A connectiorpassingoetweertwo socletsoffersa cer
tain Quality of Service (QoS) to thestreamwhichit carries.
Theparametersf theQoSincludethebandwidthdelay jit-
ter andotherpropertiesof the connectionandareexpected
to becompatiblewith the QoSrequiredfor the stream.
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Figure2: A systemwith two sitesandfour systemcomponents.

A more completedescriptionof the StreamLayer API
is givenin [2].

3. SYSTEM COMPONENTS

Conceptuallyeachsystemcomponentanhave oneor more
InSocletsthroughwhichincomingstreamsanbereceved
by the component,and one or more OutSoclets through
which outgoingstreamscanbe sentout of the component.
An incoming streamcan be consumed by the component,
in which casethe datain the streamaretypically directed
to someouputdevice associateavith the component Sim-
ilarly, a componentmay be usedto generate an outgoing
streamwhosedatatypically originatefrom someinput de-
vice. Finally, acomponentnaypassanincomingstreanon
asanoutgoingstream possiblyaftertransforming it into a
streamwith new properties. The StreamLayer API offers
functionsfor associatingyenerato source)unctions,con-
sumer(sink) functionsand transformerfunctionswith the
componentandfor settingup internal connectionswithin
thecomponenin orderto passncomingstreamsatInSock-
etsto OutSocletsvia which the streamsanleave the com-
ponent.

A typical RTMM DMM systemis composedf several
different types of systemcomponent. Most of theseare
directly associatedvith particularhardware adaptercards
basedon specialisecuxiliary processorshatareexploited
to reducethe load on the CPU. Examplesusedwithin the
implementatiorof the VSR setupatDTU are:

Audio A: Basednastandardterecssoundcardfor encod-
ing anddecodingaudiosignals.

Audio B: Basedon the SpinnerDSP boardwhich is used
for executingmoreadvancedsignalprocessinglgo-
rithms for sourcelocation, beamforming and echo

cancellationusinga4-microphonearrayasinputsource

andatwo channelkudiosetupfor output[3].

Video A: BasedontheMatrox Marvel G400graphicscard
for MJPEG coding and a standardsoftware library
(IJG JPEG)for MIPEGdecodingof videoin SIF/CIF
format.

Video B: Basedon the EquatorMAP-CA video DSP plat-
form for moreadvancedvideo processingincluding
MJPEGen/decodingn full PAL resolutiorandMPEG
en/decoding.

UDP Network: Basednastandardetwork cardandUDP-
/IP protocolstack.

As canbe seen,someof the componentareimplemented
in severalversionswhich canbe selectedaccordingto the
desiredquality of therelevantstreamand/orthetargetprice
of thecompletesystem.

Figure 3 shows an exampleof the code neededo set
up a smallapplicationinvolving a video componentan au-
dio componentnda network componenbn eachsite. The
correspondingystemstructurels shavn in Figure4.

4. PERFORMANCE

A seriesof timing measurementmadeon the systemare
summarisedh Tablel. Theseimingswereobsenedovera
two-way link betweerDTU andAarhusin Denmark,a dis-
tanceof about400km., usingUDP/IP over the DanishRe-
searchiNetwork. Thecomputersatbothendsarebasedna
933MHz Pentiumlll CPU,runnningRedHatinux version
6.2 with the Linux 2.3.99kernel. In all the measurements,

Min. | Max. | Avg. | Std.de.
Streamlayer 0.03| 0.52 | 0.08| 0.03
Videoprocessing 26.4| 33.2 | 27.8| 0.52
Network transmission| 10.2 | 15.0 | 11.2 0.48
End-to-endvideo 37.3| 448 | 39.2 0.72

Tablel: Processingimesin the system(milliseconds)



start StreanlLayer ();
/] Decl are conponents
Vi deoConp C1;

Net Conmp C3;

/1 Vi deo conponent
/1 Net wor k component

// Create sockets for the conponents.
/] Socket id: first nunber - conponent no.
/1 second nunber - stream no.
/llnitial "s": local socket, "n": network socket
Qut Socket * sl11 Cl. cr eat eCQut Socket ("s11");
I nSocket* s12 Cl. creat el nSocket ("s12");
I nSocket* s31 C3. creat el nSocket ("s31");
Qut Socket * s32 C3. cr eat eCQut Socket ("s32");
Qut Net Socket* n31 =
C3. creat eLi st enSocket (" Streaml", "n31");
/1 Set up socket to receive on agreed port
I nNet Socket* n32 = C3.createReceiver("45678");

/1 Create connections between conponents.

/] Connection id: first nunber - source conp.

11 second nunber - destn. conp.

Connection *cl3, *c31;

try{ c13= new Connection("Streanl", s31, s11);
c31= new Connection("StreanR", sl12,s32);

} catch (Connection_error e){e.showError();};

/Il Create internal connections in C3.

C3. connect I nToQut ("", 0, 0, s31, n31) ;

C3. connect I nToCQut ("", 0, 0, n32, s32);

/1 Create network connection to renpte site

n31- >connect (" fo0o. bar.com 45678") ;

/1 Open connections to allow streamto flow
c13- >openConnSt ate();
c31->openConnSt at e() ;

// Associ ate source + sink functions with sockets

try{ Cl.source(1,"Streanl", 0, s11);
Cl.sink(1,"Strean", 0,s12);

}catch (Conponent_error e){e.showError();}

/Il Activate the generated stream
try{Cl. activateStrean("Streanl");
}catch (Conponent_error e){e.showError();}

endSt reanmLayer () ;

Figure3: Codefor settingup a smallapplicationusingthe
toolbox

Only the coderelatedto the video streamss shown;
thecodefor theaudiostreamss similar.

theVideoA videosystemcomponentpperatingn 352x288
pixel formatat 25 frames/sandthe Audio A audiosystem
componentvereused. The minimum, maximumandaver
agebandwidthrequirementgor videowere 3.15,3.50and
3.30 Mbit/s, with a standarddeviation of 0.04 Mbit/s. For
audio,the bandwidthwasa constani670kbit/s for uncom-
pressednonoCD quality. All measurementseferto a pe-
riod of aboutl minute(1500frames).For network transmis-
sion,onelP pacletwasusedto containeachJPEGencoded
videoframe(about16.5kbytes)or amonoaudiopaclet of
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Figure4: The softwarearchitectureof a simplesite

Circles symbolise threads and striped rectangular
boxes buffers (queues). The component,connection
andsocletidentifierscorrespondo the codeexample
givenin Figure3.

aboutl kbyte.
The timesreferredto in the table are measuredasfol-
lows:

e Streamlayer: On sourcesite, the time from the start
of transmissiorof aframefrom thesourcevideosys-
temcomponenuntil theendof receiptby the source
network systemcomponentThisis a measuref the
delaysintroducedby the StreamLayersoftware.

¢ Video processing:In the destinationsystemcompo-
nent,thetime from theinstantwhentheframeis com-
pletely receved by the componenuntil the decoded
framehasbeenstoredin the framebuffer.

o Network transmission:The time from startof trans-
missionof a frame from the sourcenetwork system
componentuntil the entire frame hasbeenreceved
by thedestinatiometwork component(This is mea-
suredashalf thetime for sendingthe frameto there-
motesite andbackagain,wherethe remotesite acts
asareflector)

e End-to-endvideo: Measuredasthetime from thein-
stantwhentheframeis completelycapturecduntil the
presentatiorfiunctionreturnswherethevideoframes
aresentto theremotesiteandbackagain,with there-
mote systemfunctioningasa reflector The network
transmissiortime is herehalved, sothe valuein the
table is a measureof the true end-to-enddelay for
videobetweentwo sites.

Not unexpectedlythesetimesarecompletelydominatecdby
the video processingand network transmissiortimes. The
overheadntroducedy the Stream_ayerfor transferof data
betweersystemcomponent®n the samesiteis very small.



5. DISCUSSION

Theperformancef the systemdependstronglyontheim-

plementatiorof the StreamLayer software,andin particu-
lar ontheway in whichthevariousactuities arepartitioned
onthreads.The currentimplementatiorassociatesa thread
with eachsoclet. On eaclhsite,datafrom aparticularstream
arepassedrom the sourcesystemcomponenthroughone
or moreconnectiongo a network OutSoclet or from a net-
work InSoclketthroughoneor moreconnectiongo the sink
systemcomponent. For the systemsetup by the code of

Figure3, thisis illustratedin Figure4.

Eachconnectioncontainsa queuewith a limited size
(defaultsize 10 elements) Thethreadcorrespondingdo the
OutSoclet putsdataunits on the queue andthe threadcor-
respondingo the InSoclet getsdataunits from the queue.
Thequeueoperationsreblocking,sothe OutSocletthread
is blockedwhenthe queueis full andtheInSoclketthreadis
blockedwhenthe queueis empty In thisway, evenif there
aremary threadsn theVSRapplicationonly afew of them
areactive atary giventime; mostof themareblockedwait-
ing on emptyqueues.This meansthatthe schedulehasa
relatively simple problemof handlingonly a few readyto
runthreads.We cansaythatin the StreamLayerthe activ-
ity followsthedataunits: threaddecomeactive only if they
have adataunit to transfer Thusthethreadscorresponding
to the StreamLayer have a very shortexecutiontime, and
the total overheaddue to the StreamLayer is very small,
mostof thetime beingusedby thethreadscorrespondingo
sourcesandsinks.

Neither the Linux OS nor the UDP/IP network offer
QoSguaranteessotheresourcesvailablefor the VSR ap-
plication are strongly influencedby the other activities in
the system. In sucha best-efort system,it is important
notto have mary competingasksrunningtogethemwith the
VSR application. In particular the software video decod-
ing techniqueis very CPU intensive and competitionwith
otherhigh-CPUactwities can causeloss of framesdueto
failure to meetdecodingdeadlines.However, it is, aswe
see,in practicepossibleto achiese good results,with low
(~40 ms.) end-to-endateng, full 25 frames/sframerate
andlow (< 1 x 10~3) rateof frameloss,in a systemwith
a moderatdoad — for example,a window managerand a
few othernon-CPUintensie applicationsThisis quite ad-
equatefor thekind of activity which needso be supported
while the VSRis in operation.

6. CONCLUSIONS

A softwaretoolboximplementedn the basisof a standard
operatingsystemhasbeenshawn to offer designersf mul-
timediaapplicationsa corvenientway of structuringtheir
designs.Therun-timepenaltyintroducedby usingthis ap-

proachis very small comparedo thetime requiredfor de-
coding and network transmissionin the system. It offers
alot of flexibility by allowing easyintegrationof different
datasourcesand sinks. As the examplepresentedn this
paperillustrates,the StreamLayer is also easyto use. It
reduceshe developmenttime for multimediaapplications
by letting developersworry abouthow they shouldproduce
andpresentheir streamsandnot abouthow to transferthe
streameefficiently.

Creationof this toolbox hasnot involved modification
of the Linux operatingsystemkernel. This makesit sim-
pler to deploy the toolbox, asit avoids kernel patchesand
problemscausecdby incompatibilitiesamongstvariousker-
nel versions.It alsomakesthetoolbox portable. Although
built for Linux, a versionfor Windows could easilybe pro-
ducedby usingthe Cygwin ervironment. The toolbox has
beenappliedin the RTMM VSR project, whereit is con-
trolled via a GUI which enableshe userto "plug together”
componentsbothlocally andremotely We intendto con-
tinue to experimentwith this approachand are currently
developingfurther systemcomponentsincluding a virtual
whiteboard,a virtual slide projectorandan ATM network
systemcomponentfor usein the systemin the VSR and
othermultimediaapplications.
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