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In this thesis, real-time control mechanisms for multimedia transmission in an ad-hoc network
have been proposed. The objective of these meehanisms is to minimize the packet jitter while
maintaining the resultant packet delay in an agceptable range. Unlike existing algorithms, the proposed
control algorithms are intended to operate at intermediate nodes. These algorithms have been tested in
two platforms: wireless and wired testheds. The implemented wireless testhed has been suitably applied
in case of small networks. In constrast, by using an emulator gateway to model ad-hoc environments, the
wired testbed has been applied in case of larger networks possibly with consideration of node mobility.

Three approaches of real-time control mechanisms, Distributed Real-time Control with Regu-
lating Buffer Threshold (DRC-RBT), Distributed Real-time Control with Delay Time Tag (DRC-DTT) and
Adaptive Distributed Real-time Control (ADRC), have been presented in this thesis. For the DRC-RBT
mechanism, packets are kept in buffers and quu_antiafly forwarded according to their appropriate time
which is defined by a buffer threshold value. For the DRE-Dﬁ mechanism, each incoming packet that
arrives too early, compared with the delay of the previous packet, will be delayed to maintain minimum
packet jitter. The same technique of packet delay compensation is employed in the ADRC mechanism
but, in addition to DRE-DTT, the added delay is calculated according to the moving average of the delays
of the previous packets. Packets with excessive delay will be discarded,

Experimental results reveal that each of the proposed methods performs well in different
situations. In a static network, DRC-RBT is a preferable method; however, this method can serve only
the incoming traffic of constant bit rate pature. On the other hand, DRC-DTT gives a good performance
under lossless Situations’ And finally, by appropriately adjusting the assigned weight value of average
delay in ADRC, the obtained numerical tests suggest that ADRC can operate efficiently in both lossless

and lossy network scenarios.
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wazazamsnaade ldlasasaameiluaiiafos (neighbour node) ﬁagﬂmsmmsdq (transmission

]
a0

range) 1a9luain 9 whitn maluwaladesnmssfadeiiluaduioguonmitossosmads azdesderim

o
[ 1

Tuasgninenan (intermediate node) “?msahﬂ'agauumalﬂaumzﬁqﬁﬂuﬂﬂmsmw Fuinluesame

o
d [y

weaganii yaluadesamnsnljiiadiiluginsoifaidums router) 16 gl 2.1
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WuanasgmildsumsafisiaSausnlull 1997 [27] wislimuuagudneazsosinatimemomu

(physical medium) uagmsiinfedinars (medium access) dmsuasotelias daluaeuusnldsing

v

Anua Widumann (physical layer) maaald 3 Jtuuy Tasuuuusnazasiudunsga (infrared)

dIudndaownASdEIUAAUINGANND 2.4 GHz Niinequaiuuuy FHSS (Frequency Hopping Spread

U

v

Spectrum) wag DSSS (Direct Sequence Spread Spectrum) Tmmmﬁmﬁﬁagiuﬂm ISM (Industrial

Scientific and Medical) Gafludmigniaasslilinudninomans gaamnysn uasmaunndliod

<

amsoie wanniuAldimsmuiamasnuiniinandio ¥ inuudiaf lumsdeagean dmomslineg

Laﬁuaaﬁgmmﬂmi fo OFDM (Orthogonal Frequency Division Multiplexing) wag HR-DSSS (High

<, N

Rate Direct Sequence Spread Spectrum) %ﬁmmjmﬁtﬂuﬁﬁﬂmﬁu 802.11a, 802.11b uag 802.11¢g

Tavssdudulnslnaea (protocol stack) nosnasy i IEEE 802.11 uaaslédmi 2.2
frnﬂgﬂfwLﬁuh%'uﬁj'aﬂmﬁa;ja (data link layer) ansoutiufiuiugonldsn 2 #u fo LLC (logical

link control) uag MAC (medium access control) Tasiutas LLC %v‘imﬁwﬁmuqummﬁﬂwmﬂ

(error control) uazAUANSATINSEY (flow control) fioya wiosTamslisuunuenguioyai

U

'
g

lidadofutwasote (network layer) Wiigumifoniuiaiiasgndsdonasyu TEEE 802 fida

[y

<3 ! é’l 1 ° 2 ‘#‘ Y e o ! 14 ﬂ'
nNMy dInsungsy MAC 9\31/]11/1%11/1ﬂTLIﬂNﬂ?ilfmﬂ\‘l@nﬂaNﬁluﬂWSHQTI@JHH Lummmsuumﬁaﬂu

B
v

Inonimusiiligunsoiansnasyu IEEE 802.11b luminaass futuasnenanienvasidoanes IEEE

a

802.11b whitu

Upper
7 layers
1 =)
Logical link. J
control |
e \ P, | ) sl B | | N Diata link
o ] = ayer
MALC |
sublayer )
B0OZ2.11 B2 11 B02.11 BOZ 114 BOZ.11a BO2 11y ] Physical
Infrared FHSS D555 CF D HR-D555 CIF Dk = laymr
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221  fumMamumuiIaT§ 1w IEEE 802.11b

e uilgannsasesfudasilumsdald 4 széu de 11, 5.5, 2, 1 Mbps lagagiidnwasuagia

wiuandeiudanaaaluaaei 2.1 Gsannannsalumydiudassefuazinogiudandimanuusanes

AauMN laSudadynNmIuNIn (carrier to noise ratio)

MINN 21 aaaneseaIfumMuMumuNas;Iw IEEE 802.11b

Data Rate | Chipping Code Length | Modulation | Symbol Rate | Bits/Symbol
1 Mbps 11 (Barker sequence) DBPSK 1 Msps 1

2 Mbps 11 (Barker sequence) DQPSK 1 Msps 2

5.5 Mbps 8 (CCK) DQPSK 1.375 Msps 4

11 Mbps 8 (CCK) DQPSK 1.375 Msps 8

222 mImuqumsiiniwnnaig

MNNINT3 U IEEE 802.11 e linnadhasdhnanld 2 51U @9 Wil PCF (Point Coordinate
Function) wagwiy DCF (Distributed Coordinate Function) lag PCE flwmsiihdedinanauum 1

[ < Ry = 1 PRy ¢ 1 ) Y R o 19 o
quinanlumsauqu deaglifuaiemoniinenaanasd druuun DCF agiflumaindednarsuoylails
guinanlumsauqu duflugluuuililwesioioueagen fuinludmiiassenaniuams DCF i
Taslugtuoy DCF #ldmuualililwslnasainfsfinas CSMA/CA (Carrier Sense Multiple Access
with Collision Avoidance) 3nifumsli binary exponential back-off laniiialuala 9 deamsdsiioya

agrhmsamadeunenh lunantudesdanaieis il wnanaaayldhdesdyanaivegidunaumn

fiu DIFS (DCF Inter-Frame_Spacing) ﬁasv‘immﬂﬁﬂulﬂaﬂuﬂmm back-off iiiayefiazda RTS

(Request-To-Send) aonltl lavnisas RTS dagiflumasvenldluadu 9 slmwzmsdwswm’m’aﬁz?'fi;gi;gwm

v
a <« v

Tunomgithihaud eamnmdngiimadedoyaiiaiu wndosmrgdiioyasdaasasuniluadiums
fanandadoisesdow lavszernmalilumydedoyassgaumuindy RTS do-dedriiaginnlilums
Muua NAV (Network Allocation Vector) LﬁaLmuamumfmmsﬁvlﬁmmmdﬂﬁanﬂaiﬂ 7 1¢ ndamn
Tuadmenaldsu RTS udragsalussoznawihdy SIFS (Short Inter-Frame Spacing) naw Nnnituay
d4 CTS (Clear-To-Send) néumnliluadumaiiovanlinsuhluatmemeagluaomugnionsudoya
ui wasdadumauialiluadu q fioglussormsdsesluatmsmannuduiuhdesdaanamdnggn
T mindosmyagdatioyaliisonou ieluadunaldsu CTS meundumn Aagsaiflunat SIFS udrie
dovdsfioyasanll uazileluamemaldsufoyauifazsaluna SIFS uirde ACK (Acknowledge)

aounduan lasiunoumsdfioyaiinanmiuansiegii 2.3
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Smarc 5’&6

Back-off
DIFS |!||||| RT$|
Destination }g{_a E
CTS

ACK

Back-off

Oiher nodes
DIFS

tAY (RTS)
Lﬁ:ﬂfﬁ" (TS fprmmfint
MAV (DATA) -

S00ESS 10 B mcdum 18 defonnsd

717 23 TuaeUMINANEOIFANUMNINAITIU 802.11

]

nnfidesseagluamus back-off asgngiusnamnanms (2.1) las CW w3 contention window

Q

P | ] ' (] | X a &
ARANTNAUN CWinin IMSHEINGIASIUTN WAINMITdIANMAIMAARSRNTUMNEANMST (2.2) WAy
asingnliifes 9 ynassimsdaanaANN A CWinay Maglidiinaudn Gai CWinin, CWinax
uag tgor NNATTIM IEEE 802.11 nmunaliuansdamaai 2.2

backoff window = rand (0, CW) * tgt (2.1)

C'VVnevv =2 churrent —1 (2.2)

MmNl 22 WR@eTAN g MuIATW TEEE 802.11

Parameter | 802.11 (FHSS) | 802.11 (DSSS) | 802.11 (IR) | 802.11b
tslot 50 psec 20 psec 8 usec 20 psec
SIFS 28 usec 10 psec 10 usec 10 psec
PIFS SIFS+t 1ot
DIFS SIFS+(2*2 101 )

C'Winin 15 31 63 31
CWinas 1023 1023 1023 1023

23 mymwIimiaames
a ¢ o 1 a 1 1 j%2 1 a I3
InneinIemutlsiusesanlssinamnoiudaznguioya annsomldnnanms (2.3) lasmnnfiaes
AN 9 WA 2.4

Jitter = |(Rj — SJ) — (RZ — Sz)| = |(R] — Rl) — (Sj — Sz)| 2.3)
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el - -l e

Jitter=|{ Ry~ S;) — (R; — 5))
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NNASeINTY (server) Wit Snamsdeuuudaiiioaiaannsaliusmsum sdyanoeaa (live broad-
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“Ziié)ﬁ“lli]ﬂ\‘]ﬂﬂﬁﬂ”lﬂ?iﬁﬂﬁ]ﬁ]ﬂvlﬂ MY INTILNAINN

G

S o LSS y v (% =3 | Vi v 1 < ] =3
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ldaasanar Tasimsuaasmasgisudunainusnaes

Client/Receiver

| o ¢ o
MUK PNEINTNTIAATUIATDLWINBTN

Streaming Server Vides | . Andio
Decoder = — Decoder
v & i ——
Storage Device |
v — — : ¥
? :‘o"."x!. gﬂ"&h”_ Coatnpregsed | r;prln:.ﬂm-’_).:: At ‘I[m piirad
Raw Video e 1 o L QoS Control
Video Qs Control —
Audio e t !
il Cogpressad 1 | O e
Raw Auddip —CIUESION L Audia _|+' Transport
v oy = I Transpor Protocols |
—_— Protocols e
T

Network

{continuows media distribution services)

it 25 lassahenesmydauuudatiiesmumae

242  myddganmdaa

v ]

aa & a G o o o a O = o a o PR
1%’35% FIREY EWI deagiilwmssunmunnanaly (Source) Gl,unmﬂﬂ ATARUINNINMIVUALLAIANDN
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Compression

Raw video
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ITU-T (International Telecommunication Union) wtag ISO/IEC (International Standard Organi-

[

zation) Winiiimuuasimuetwfluinasyn (28] dguit 2.7 Taondn 9 aswialddeit

LY

H.261 H.263 H.263+ H.263++

Joint :
) e S H.262/MPEG-2 H.264

Standards

MPEG-1 MPEG4
MPEG
Standards
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251  aasgiunad ITU-T

o

« H.261 [20] Wlumasyruisuusnfieanuuusniie W fussun myussgu dunmmadaiaisn

lasete ISDN (ISDN videoconference network)

o

. H.263 [21] siawiuinmn H.261 islifiavaifiqunwdnuuasamnsalinuludanialé

'
a

* H.264 [22] L‘]J%NW]?WT%GL‘M ad @]ﬁ I ﬁﬂﬂaﬁﬂﬂiiﬁuﬂuWW%TLW611/1ﬂ”liijﬂﬂﬂuﬂi”ﬂﬂﬁﬂﬁwaaﬂﬁu

o o

ansalildfuaumadfianaa a%aawmmﬂuuu Lmbluﬁaauuﬂﬂwmiuimﬂﬁﬁmﬁﬁ

252 waygupes ISO/IEC

aa o

« MPEG-1 [23] Lﬂummsmmaammummmunmﬁumwﬂﬁﬁ%ﬁa (digital video) asludaifin

fioyalsziandd (€D) wngiumslinuinsanings 9 agludalszinm 1.5 wnsliadaIwi

e MPEG-2 [24] Lﬂummmuﬂﬁ'ﬁamamnﬁmnuwwmﬂmm MPEG-1 Lﬁﬁﬂ%ﬁ?ﬁ%‘ﬂTﬂiﬁﬂﬁ

QQ

"’amma%amaq (high definition television :HDTV) stwﬂumumamwuavmma TINDY
wmmmimmauaaqaamuwauaﬂs“mm @ (DVD) LwaiﬂuﬂsuaMSﬂwwuwnﬂﬁﬂu lasidaniia

oglutedtoud 2 wnsliadedwit auds 8 wngdindoiuil

! P '
o < <

« MPEG-4 [25] Wiwinaspmiiianniniieannsalinulddud sandam liauiesanings
o a U a1 a ¢ v o o T v o '

9 1%°ﬂm3‘ﬂ@]mm1W°llENﬂ1WLLaZLﬁfNENﬂE)Q TﬂﬂmﬂﬂszmﬂL‘waﬁlﬂﬁmmumsawayaaawaumu

wiety waziiesnnanya liludandamannld famsnzdwsuliluwesemelsandie oo

Faniiacldda 10 Alalindedwii augeiv 10 wnsiadeIuii

£

e ludmsetImefiwng ilagidonlémsfiudamuinniyin. MPEG-4 tflosnniflusnasyuiifion 1
Tumsdadioyadonanuundeiiios sznoufuaunsalifumydadhosaniamld Samnsfumslinulu

& A g a4 v v
Lﬂiaﬂ’]ﬂLlaﬂ@aﬂﬂl’ﬂul’ﬂiaﬂqﬂvliaﬂlﬂﬂ’)ﬂ

'
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dmsumanaasalwinedinusit aslfuiludionaiaanduaiini (video source file) Nfitod sale-

B

man.qcif 1WA 176x144 0mw (pixel) Fauaaaiiognalugiil 2.8 uazihlufiusadisanasyin MPEG-4
falumsneassazdeeanliiodnsns 15 wlsndedwit uasimualiowanasnguioyauwim 1024 lud

Taogunuzewmailnazuiaiiu 2 #ile dowvudaniaai wasdandaudsiuld Tugui 2.9 uansdan

]
a 4

o Q o N o My & y I& v & ' .
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26  wuuMasImInasui

° d’ a v = s ° o ' a < ad d‘
wuiass MyLeaeui i 1% lu mynaass o 1 il enwdrdn e mydszifinualus mas anse 35msi
vnauann lagamnsautldidu 2 dseianudn 9 fe wuusassiimsndeniinesudaslualiiuun
i (entity mobility model) u,azLmuﬁmmﬁhﬂmﬁaummﬂuﬂa;u (group mobility model) [29] B4

o o « o ' =1 A ' vt e S o au 1
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b= Y &
Lﬂ@]ﬂelfﬁ fo

261  WUUNABIMIARDWIMIANUIUFN

elmm‘uﬁmmﬂmﬂﬁauﬁmﬂammmju (Random Walk Mobility Model) [30] i luaagiadouinn
syt lldwidwilasmaguitamatazanus lumaadeniiin feagimsgunntag [speed-
g <

. o= o v v o S )
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262  wuuhassmiadeuiilasguilaems

1uunuﬁ1aaqnmﬂﬁauﬁuuuduﬂmww (Random Waypoint Mobility Model) [31] Tuaagiinms

'
o

< . - a4 a - @ P E— < a &
NYABITSYSUUN (pause time) ﬂﬂu‘ﬂ’%Lﬂﬂﬂ%“ﬂﬂ‘ﬂNﬁiﬂﬂ’ﬂNLi]i%ﬂTiLﬂﬂ@uV] IﬂﬂL’Jﬂ”lﬂI%ﬂ‘lf‘iQﬂ%ﬁ%ﬂ&’

]
P

aasiiaui ldmvua Barmhud TusenSuduwiiuluasgugaiduniasudwiiunm pause time

bt}

Nk guiumialmemefiagaoui - smtsanuis lumsdouiidhs eguldmnmsuanuag
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2. mydaarsssuindmuguuinuasiaugugniny (Master/Slave Communication)
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Abstract

This paper proposes testbed implementation for
evaluation of distributed jitter control in wireless ad-hoc
network. The jitter control algorithm works by adding
some delays of packets at intermediate node before being
forwarded to the next node. It is intended to minimize
end-to-end jitter. © This testbed consists of four nodes
connected by 802.11b standard and uses UDP socket
to send packets. The testbed result is also compared
to that of OMNET++ simulation. Both test platforms
confirm that the distributed jitter control algorithm, while
increasing the average delay, can decrease end-to-end
jitter significantly.
wireless ad-hoc network,

Keywords: testbed, jitter
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