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ABSTRACT

This thesis is the study of adaptive error control in audio transmission. Over Internet
Network has sufficient capability to support multimedia communications. The limitation of the
Internet service is not guarantee the quality of service (QoS). It cannot guarantee the received
media have same quality as the source due to the loss of data. Sender is necessary to know about
the quality of media at the receiver and change some parameters of the transmission of each
media based on network characteristics in order to control the quality of the received media not to
be unacceptable. In this paper, a mechanism for control the quality of audio is proposed. The
proposed algorithm for adaptive error control of audio transmission is based on forward error
correction (FEC) in media-specific method and varying smoothing factor for decreasing packet

loss rate.
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saTulia e ludnotinuiihidtmsi IdiSvuuvuiena TmuuiFvansuaud (Single
3 5 a s ¥ .. o as Now a
Exponential Smoothing) 1114 Tumsams iwvzdunudeyadivesdanainunadaddanounss
daunsav1o oannlanuainse lunmsysudmumslavunlaeseynsunaidas
mMsgymisvestoyalaa synsunainimsnlasunlanunduvesoynsunanisonie

Wavuuauanaana aums (2.1)
Y=a + ¢ it 2 LZeold (2.1)

Taohia Ao szAvAuRduveatoya Falinlsuldou 1 q A

g, Ao ANUAAAIRADUUANAT t

¥ o =1 o
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A r :l T
anYp =348y, -

A (1-8) & s
Ty = peve il Y (2.4)

a( ) (l-ﬁr)éﬁ ]

. ) QTN e
" ar = SR APl 2.5)
(1-8)

die T ivmalngez 189 A7 =0 dnfuauns 2.5) @Woulmildiiu
a(T) = (1- B, + Pa(T -1) 26)

Wa=1-BuazsS = aT)sldn

S; = al;+(1-a)s;, (2.7)

=l v

S, AomlszuiuveszAuAIRIUaw DA T

= v

& o YV 5
a fomnanliu1viGou (Smoothing constant) ;0 <a <1
a [ Le+ o o = = r: =] a’
dmsumsnonsal TaolFimatianmsi MG sunuvens Twuwdvans uduaii ldaums (2.7)

>
Taom1 S, szifummoinsaiveadeyalusmnannmiidall
Yr(r) = 8, = al} +(1-a)5,, ;T = 1,2,...(2.8)

Yr(r) fommunssialamin r munawinnar s = T

NINAUMIN (2.8) BTuIMsANNEMA S, 7T = 1 wdeansiudl S, wieAuiudu
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1@AY Combination 11 1% 1udanaifiu RCCS Fvzmunzduuuveamsianadoyadi saums
a = | ' 2 < : " o a o o
wiiavosmsudadvalunaaz Combination Wunana1eliandansinu Bolot Tunadini
' ' 4 v '
Reward 1@ Reward Y9311Aaz Combination ¥R 1MAIN 141191071 Reward 193 Bolot
1104 1ABA1 Reward Y9AAZ Combination 1UA15199 3.2 ¥939an05 11y RCCS 118191071
Reward 494 Combination TuA1313%1 3.1 v898ane3fiu Bolot Nidmiudoyadinazdumia
voudoyatinsaiu Tavliauleriavesnisiiuomdva uan Reward luaisieh 3.2 fiifu
IWOIA1 Reward 15 uAUM MY W5 126an03 1w RCCS  a2linmsi)douniasn Reward w04
. de waqyw S dwye d_ d X « & -
Combination nmaqhamnﬂﬂsm'lﬂs ULWNINA Receiver Report ua:"luﬂaauu‘u'.nfmﬂa
[ 4 [ " 3 0 ] " o o

ABANY Penalty 1fumidasidiuszn s namizssnhalamemanaimsias sadoyauaz

Mnamissnia)awnaneumsiasudeyad

End-to-End Delay after Reconstruction

Penalty =

End-to-End Delay before Reconstruction a2
3.2

%371 Penalty fioglua1s1an 3.2 ihusunaoi 1dninmsnaaeamaivg asa ualu [19]
oY Y a " o " ' ' 3 ar w aad " :
nhildesuuer Bedndanuiimsmanamilsneunazndinsiatoaiismsoedials ¥
MIimmnamulsznindaiomaiui 1doin Weanninnimveunsesddanazinion
Asulidszauiu snusunmmisauguanuAanaau S udIvessanasiu Recs Tu

= 4 v 1 Aave ) Yo Y1 oa v oA ' '
JUN 3.7 szmunangivezaanunuliiuddaliog 4 A1 Ao L, L, D, (NaMiiaszning

UmumanoumsiaiGoadoya) uaz D, (Mamunsznalamamaimssas vadoya)

M15197 3.2 A1 Reward 11a Penalty Y0auAaz Combinationludanasiiu RCCS

1 (G.711,GSM(1)) 2.5 1.5

2 (G.711,G.723(1)) 2.5 2

3 (GSM,G.723(1)) 2.5 4
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fid T e A i35
rf.:—sm»ah."; 2 ,f' ﬂ: ;
4 (G.711,GSM(1),G.729(2))
5 (G.729,G.723(1),LPC10(2)) 6 45
6 (G.711,GSM(1),G.729(2),LPC10(3)) 18 34
7 (G.711,GSM(1),G.723(2),LPC10(3)) 18 4.5
Audio Sender dycin L akermor fis, »| Audio Receiver
Combination
Setting

4
»
RCCS Algorithm i

Feedback (Lh, La,Db, D ') over RTCP

3U 3.7 iwumwnismruguanuianaauuuliual Tav148anefiu RCCS

P o a4 & o e 3 a L4
319 3.8 110 Pseudo Code ¥padaND3in RCCS Ha9ziuniins lamismeinaiy
@ ° - = " L n’: " - =4 4 '
i1 TavA o uioveamsiiinesiaazaniuey1un13199 3.3 910 Pseudo Code 921 uii0 141
L. L. D, uaz D, luduaoud 1 -2 ud? luduaoun 3 9zimsunlua1 Reward (R) uaz

Penalty (P) ¥94 Combination ilaqiiu Tav1¥aumsaansoadail

alL,/L)+ (I-)R,, (3.3)

.‘U
I

a(D,/D,) + (I-a)P,, (3.4)

15190 3.3 A195VWVDINIIIADS N 1% 1udanesnu RCCS

‘R.‘ fi1 Reward Y93 Combination 111?11611!71 i
P, C)l Penalty 483 Combination 1uﬁ1ﬁ'vﬁ i
o o o [ o ' e
L, (L) 993 1N15 YN IWVDIWNNINANAINITIAG O3 (A1 L, ADAMIIUILVDI L)
o d o ' [y " ' o
L, (L) 93 IMIFYNIVVDINNNARDUMITABLI (A1 L’ ABAIIIUI0YDI L)
D, Anaminszrinalaemavaimsiain o
D, AnaminsznalalsmanounsiaGo
° u < = v
a MdmMIvAMuanIuveImsiJaounlan R, uaz P
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For each RTCP packet received do
1.Calculate packet loss and delay before reconstruction L, and Dy
Ly, = Number of packet loss before reconstruction / Number of
packet expected
D. = end-to-end delay before reconstruction

2Calculate packet loss and delay after reconstruction L, and D,
L, = Number of packet loss after reconstruction / Number of
packet expected
D, = end-to-end delay after reconstruction

3.Update reward and penalty of current combination with R; and Py
in* combination table

4.If(L, > HIGH or L, < LOW)

For each combination j in the combination table
Calculate and predict L,', L,' = Ly/R;
Calculate and predict D,", D,' = Dy*P4

If(L,' < HIGH and L,' > LOW)
I1f(Dy' < DMin)
selected combination = j
Dmin = Da'

5.combination = selected combination

511 3.8 Pseudo Code v038an03 711 RCCS

m3uA Ty Reward e 1HAY Reward A nlaountasluauanimaioionsa
1049709181 Reward 31 18910013MA009903 Bolot 01992 11 1Agndeatarue T/ lunn
anmnadon mimintudunoui 4 ifumsiden Combination TaveziiersanInarsiai 3.4
#11# Combination 113191 Combination gAY A IxIABN Combination W3 NATHAI L, (1
ynoves L, $118910n1511 L, M154201 Reward) oglugaasznitamsaload LOW woz
HIGH 11az Combination #ana19zAeshin1 D, (ANioveaamissnIa)aionmands

Y- | 3/ " a " o < b4
3 i]ﬂliﬂw'l‘llﬂlelﬂ) “lnmummm'iaaﬂ DMin 970

3.1.4 9an@3u CNR

8anp3111 CNR (Centre for Network Research) 18ud lugaunnse1vesdanasiiu Bolot
Taoms1¥Awsaves L, lumsaaduwilaou Combination nazlaudlvilymsundavesni L,
- @ e - + " . . g v ¥ ]
Taumziusmaunsaiinves L, sndunsalead LOW 1avszan Combination NAvIle L, 1
Aminiumsalaas LOW Aadouiuioamoudd e iinilennuAuniveunsevivanansa

o = 4 L 4 A o Eaed 4

uazdanoinu CNR laudlugaunnsesvesdanesiiu Recs  Taonmisuon@eulelunis

anaulvaauazimy Combination 98NINNU
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) = @ o 9/ ar a &8 g
NLELAINMIAIANANUAANMIALYUY U TaelFdanaT i CNR Tu [9] vziiu
. > »
" s = ' ar ] &3 = 3 ° [ =1
MRFzimswaun L uaz L, WauddaTaolalis Tanea RTCP Fafdaeziinmisaeall
@ a ' 4 4 1q 3 i e
N1 umsdadulaininsezidon Combination 1a Tasuwnma RTCP nl¥lumssioanunma
Sga d o i 3 o . 1 e . » ' &
ADINADINNINA Receiver Report A3 1U92111A1 L, 113 1uHaAN¥0 Fraction Lost @uf1 L, WY

wrgmir e 3 ludawsnvisanes RTCP

Audio Sender  F Audio Packet over RTP |, 4i Receiver i

S G b T T
I

Combination |
Setting [

i |

| Feedback (L, L) over RTCP

_ CNR Algorithm

511 3.9 ununmmsmuuANURANMIALDUY S uA Tau149aneTiu CNR

a o et : ' P
319 3.9 WU JuDVYBANINA Receiver Report NIIM3Izyaa1 L, uaz L, Tavszyi

«

< o o . " 1 a
o fraction lost 1AL fraction L, A1 Wad fraction L, oy luduvnivisanes uaziivig
a o« o ¢ X v A v F 4 o
8 DaruAuINURAA fraction lost aiiinanInlufo] laszyladinnueivenning RTCP
¥y a = v v e Sy dw wmyay - ' s ] '
WwAvIlivIIANNIT 4 a3dd antudalidun lildldumasey 3 Tua nazitiesnininlu [9)
9 o Y o . - "o < o Y [ :
Tasmun11311m1 ludlad fraction lost ABAIOAIINI TYMIOVDINNNAYUAIY 256 AU
" < Vo = L |
mM3szym L, uaz L, 1W1F35msiaviune
fraction loss = L, x256 (3.5)
fraction L, = L,x256 (3.6)
a v o Y aa A 9oy Yo o
uazlumsaiguanuAanaaunuulsudi Taoldoanesiu CNR iioddaldsuunn
[~ : v " ' a o d’
Ifif Receiver Report AAanaz A1 L, uaz L, g luunninasail
L, = fraction loss /256 (3.7)
L, = fraction L, /256 (3.8)
Fam L, uaz L, sxgmit /15 lumsdaduidoninez 14 Combination 1a uAdanasiiy
CNR 1111 1#5In151W1 Combination A3 IaznilaiuFuIRLIAUSANS 1Y Bolot UAdANDI NN
CNR 9211761 Reward ¥031#az Combination 11 141un15189071 Combination Minmzauiy

ANINIATOUIOAD Combination 19 LAz TINSANDSNL CNR  LANAININGANDI NUDUDN

»
o o

Uszmsnilafio Tudanesiuduq Yeyaduinez 1¥msiiudadvaniions iadiniiayandn

A o da 4 1w aa 3 A W oa - v Y
I.Wﬂlﬁuﬂ'l‘i'l}'izﬂﬂﬂlluuﬂ']ﬂﬂ HaoanoInuy CNR 1"!1“151]1]'091170& G.723.1 ﬂﬂﬂlﬂl‘!ﬁﬂﬁﬂllﬁ:
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¥ o ¥

o . - | d’d o o " v o
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W o = 3 1 g q’: "y Y = L - = =) o o 3 o
l‘l”iﬂﬁlﬁUQiuuﬂﬁ:Lﬂﬁun"lﬂﬂq"l I 734 11ﬂﬂ11‘1’5ﬂ15UUBﬂIﬁUQ‘b’“ﬂlﬂU?ﬂUﬂﬁ1ﬂ‘liﬂﬁ.ﬂi'Hff

L
@

= = g ¥ ar A W ¥ kY : o b 4
INEINITAAUAULAZINUVDUAHAING UU’ﬂﬂlﬂﬂ’Jl'ﬂu‘UBHﬁ"HﬂUﬂ1UHﬁ¢I1ﬂlﬁU

0 1 2 3

0123456789012 345678901234567829°01
s e e T T e e T T e e e
|V=2|P| RC | PT=RR=201 | length |
i s et e e e
| SSRC of packet sender |
e T N o e e e e e e e s
| SSRC 1 (SSRC of first source) |
ffifﬁ-+f+-+-+-+7+-+-+-:-+-+—+—+-+—+—+—+—+-+—+—+—+—+—+—+—+~+-+-+-+
|:fraction lost | cumulative number of packets lost |
TR R S At N ST (R UL N ST S S ST DU S SR S S SR PR
| extended highest sequence number received |
B e e s e T S e S et St S e et T
| interarrival jitter |
s e T T e e e s e T T e e e A e e
| last SR (LSR) |
B e e e e st S e s S e e o
| delay since last SR (DLSR) |

- ' 4 o .
31]1'1 310 maseym L, uaz L, Tuunning Receiver Report

¥ .

@MU Combination voadoyad i 191udanainiu CNR 1 6 Combination Aanaaalu
a o ¢ . Yo v o o ° o A q ¥
A1313% 3.4 Tawlunodini Combination Format 1@ muadydnyaiilusiuiuauaviie 14

o o

5’ o ' ' @ ' " d d o w o
llﬂuiﬂllﬂu‘l]ﬂﬁ‘\fﬂl‘.!ﬁ‘]ﬂ ATDUNITU TUANHNY -1 HulaMum 1ullﬂﬁzllWﬂlﬂﬂﬁ1ﬁU'ﬂ N9

W ° < ar J 1 ar " a "
anumelaluviueadoaiuil daulunedind Initial Reward IWUANSUAUYDI Reward Tuua
g . s g ' ] o i ar a
A% Combination FINABAI Reward 111931NN13NAABIVDA Bolot 1iUIDI 1A TUDANDINY CNR

» . v
1if1 Reward 32 Tinad Tavezgnud luTiasundasTawanmveanseis
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15139 3.4 Combination vosdpyasii ¥ ludanaifiu CNR

1 =1 2.5 248
2 -2 6 248
3 12 6 323
4 -1-3 10 323
5 =1=2-3 18 39.7

gﬂ'ﬁ 3.11 131 Pseudo Code ¥830an03 N1 CNR nﬁ;mjdﬂﬁ{uuﬁmﬁﬂ Receiver Report
fezemmi L, nav L, Tudunouusnvzudlus Reward 483 Combination igiu damlu
Sunouiimeuiiumsuimuaiafiam L, Dmdindunsalead Low aiu13ludns
count L, under low) SaulsdrileriinsnsnnaoudnaiaiiofinsAadulsan Combination
Tudumeufimuilunisasaaaeut L, fiemuninuiniia Receiver Report Tifganiumsa
Taad HIGH f9A0alimsiiy Combination 349114 1A0MA1 L, nazA1 Reward 01
Combination 110y 1U@1§uiA9IN Combination Jeytiuiludullunsznuidudonludas
Combination 129z 1da1L, mls DINiuf9EIE0n Combination 13n# IHAMsz LYY L,
(#1115 L, T Pseudo Code) litiumsaTaan HIGH Samsify Combination nuuiianso
UsnianalZunnTInsiin Combination AT saziiatu

dauluns@iim L, femuenuiniia Receiver Report iA1dIniunsalaad LOW
Sano3iu CNR 92'11iaR Combination Wi tsaztiuinIuATaH L, dmdniunsalaad
Low Tusraiaanu (15111"1'1115’;111]5 count_L_ under_low) n13aA Combination Tu
under low nion count_L, under_low HAMINNIY

@ P = J vy v A
ﬂﬂﬂﬂiﬂuﬂ:lﬂﬂﬁ]u1ﬂﬂﬁﬂiuﬂﬂ1 count_L

a—

M301M1U MIN_UNDER LOW Taum 31404 count L, under_low UA1HINNIMNITBINIAY
MIN_UNDER_LOW 110721131 Combination lagiiun 1dagennsmilia L, dndunsa
¢ o = & - 4
Tead LOW 1fuszoznannuweudl azlasaiunsiazasian Combination Fanaliniive
FvaaHansENUNRAINNT NI L, 19
HANITNDITUUANIZ count L, under low 1HUI06191A0I0190z Y1 11500
L s W VY o 4 o ' ' = o a ad
Combination 1 18%uiu Ty lupeaaumsal @ediuwu Tugih 3.12a) naanduin so

w3 odwlinnuRuA @ (L, iMeuszidiu 0%) ¥an1s 1 Combination wuvav 0 (lilideya
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o 2 o ' e o
PUa0) ﬂl'ﬂUQWBll'g'} 11AN150% Combination ¥1NCombination HUIWIAY 5 \hJIﬂUHB'lUlﬁ'U 0
o ¥ I = a a A da. ' Ve &
ﬂﬁUﬁﬂJ1‘ﬂl'Jﬂ]ﬂ\3 250 U lNﬂQﬂ1ﬂ1U“Uﬂ1HNﬁﬂ1 MIN UNDER LOW m10Y 10 %4
' o a 4 4 A a1 e ' s vy
HUIWUNUIINTAaR Combination ISINAVUIND L, 3D L, UATAININUNT ﬁjﬂaﬂ LOW ay1duou

Y 2 g X - a a Y ¥ a a
10 A3 UAZUNWNINA Receiver Report 32110490 5 IUMN 5UAINDI 13871 250 Tuh

For £ach receiver report packet received do

1.Update reward of the current combination
//Let R. stands for reward of the current combination
Rc = Lb/La

2.1f (L, < LOW)
increment count L, under low
else
count_ L, under low = 0

3.if(L, > HIGH)
selected combination = MAX COMBINATION;
for (i = current combination+l to MAX COMBINATION)

R; = reward of combination No.i

Lai = Lb/Ri

if(L,; <= HIGH) |
selected_combination = i
break;

current combination = selected_combination;
count L, under low = o

else if (L, < LOW)
increment count_L, under low

glse
count L, under low = o

4.if((count_L, under_ low >= MIN UNDER_LOW)OR
(count_Ly under low >= MIN_UNDER_LOW))
decrement current combination
count L, under low = o

317 3.11 Pseudo Code ¥038aN03 711 CNR

Fniulusanesiu CNR Sumudoululunsan Combination Suiatoude d1mn
A1 count_L, under_low f111AN1 130191110 MIN_UNDER_LOW 1@a3iunsosiuiini
fusadniuszoznammimonda uazlaeafuneRazanian Combination 18 31333 Hv0
1¥n13an Combination 115281 TuanmiinTesiuiinnuiudsd 210317 3.12(b) vz1iu
7101589 Combination 910 Combination 1WAy 5 11iJu Combination Muwiav 0 1413

M3 70 JUN
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B e e i T = e
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(1] 50 100 150 200 250 300 Q 50 100 150 200 250 300
Time (s) Time {s)
& z
(a) M350A Combination IAURITUURNIE  |(b) NM13AA Combination TAUNITVINT
count_L_under_low count_L_ under_low 1laZ count L, under_low

51# 3.12 M3aA Combination Tau1% count L, under_low peauratnazardunuly

d@IMIUAIYEI MIN_UNDER_LOW 1iu Siinfimuinazii 1 flesnunisundsvesnn
=4 ] o 1 = A S o 4
L, 148 uAn15an Combination %1144 nazdwaldfiuSinumslduuuaiangaiioninly
¥ v ¥ [
Ysnadoyadwnn luhilidonldi MIN UNDER_LOW 1111 10 F90A M uszuza 50

= - A VA a N d Yt
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nMsUiuIHGoulnadon1 Reward value ¥998anas nunuuliuaa Tuauidolén
v g ya o FY A o o 1w a o q Vo
msdsulisouvesdasims gymivdeya elimsuSumdarhimumezau v ldsasims g
v o Y @ 1 v ) o dHy va ' sai oy
M0Y83UBYANIAINIBUAY Sudewa lMaumnvetoyaiduan 1oy lunasinsensy 14
Tudanaifiy Bolot 1az RCCS A1 reward value gnsmua’liud) isdanasiiu Bolot

o a v Aad - o o = P 5 L
1Azdane3 Nu RCCS MaRLIsnsNAdwAdIiunae Un13a319A1519 Combination 101 13n0u

.
a a 1 o

defunnaafuinedsmsszifludrdmuainiielaniseziiunioan Combination 34
9ane3 iy Bolot W1501910A1 L, dIudanasiny RCCS ufinrsannmi L, uazAulal
minsznalaonis daudanoTiiu CNR S35 uA w04 reward value Milusnsidmues
L, #0 L, Faamsminissumnai ifGounmiannde 18 e 195ms1U5ua1 reward value
Winnzausundevioluvaziu 9 winoinusaivisnims U5 liSoun19ums
U5uA1 reward Yo38ane3 iy CNR a5 vuiiiouiuns 1991 reward value nuufmuanilu
dana3iin RCCS Fadano3iiy RCCS Tyaunnsosludanveansidon Combination 3113145
mistonidou 1y unsanuaziiy Combination 310 Pscudo Code Y0I5aNB3AN RCCS Tug i
3.8 vziud1sanes il 0z 191 Reward (oA L, (A11u10v99 L)Tun@ag Combination

UAZITIABN Combination MHA1 L, NMAINIuMsaTaad HIGH uazgeniunsaland LOW
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Fams 19ivou lvs wiuadiaiionnsi Iidanes iuil lidwis oy Combination 1ATuu1enss
' o et v o s X " det v o . N
1%U §1 Combination 1u~uu=nqam1 Combination 1391/4)N Combination AINUA1 L, NAINN
m3alaad LOW Hie liassaiudouluuds Sl ooy Combination 1A
Tuvaiius L, viimguiuniumsaleas HIGH nau msfivziaiidanesiivladniiiu
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dpagidana3numariawnsoidonld Combination Hawisainmszavvea L, Tildga
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dano3Nny C NR 114 Taon)doun reward value 91naunsh 3.9 m l¥aunisveams
UsuIA G vudaaumsn 3.10 921871 reward value 11i1111/5UA1 combination number UB LA
azrseuMsMauoa q lufaauns 3.11
R =L, (3.9)
3 ar n:l,
911 Smooth method 1¥aumsAail
S, = al +(1-a)$;, (3.10)
A41UA1 Reward value ﬁ1%’ﬁ\!ﬁum‘i 3.11

R = a(L,,/La)+(l—a)Rr_J (3.11)
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A Study of Adaptive Forward Error Control in Audio
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Abstract-This paper studies the adaptive FEC control
algorithms to improve«control the amount of redundancy. The
recently adaptive FEC “CNR algorithm” considers the history of
packet loss in the network before changing the amount of
redundancy and does not waste time. The performance of the
CNR algorithm is used for simulation model. The smoothing
parameter is varied in order to adapt and changed the
characteristics of time series from the packet loss. Result shows
the adaptive error control algorithm can decrease the loss rate by
using a variability smoothing factor to appropriate network
condition.

I.  INTRODUCTION

The motivation for transporting audio stream over IP
networks potential is cost savings to achievable by eiiminating
or bypass the circuit-switched telephony infrastructure. The
conversation quality between the sender and the receiver in
the Internet telephony system is depends on specific
impairments such as packet loss, delay, jitter, ctc., which
rclated to the characteristic of packet network. A number of
techniques dealing with packet loss problems exist for
application that exchange real-time voice [2].

Packet loss causes degradation in the quality of audio
transmission applications. Forward Error Correction (FEC)
methods which add redundant information to audio packets
can be used to minigize the effects of packet loss. While these
methods can reduce the effects of packet loss, they increase
the amount of bandwidth used by an audio stream [9].

Most of audio transmission applications use UDP as the
transport layer protocol. The Real-time Transport Protocol
(RTP) [4] is used to provide additional functicnality including
sequence numbers and time stamps. The Real Time Control
Protocol (RTCP) is used to return receiver statistics (e.g., the
number of packets detected as lost) to the sender. RTCP
packets are sent every 5 seconds by a receiver to 2 sender and
consume very little bandwidth. IP networks are inherently best
effort networks with variable packet delays and loss. While
audio traffic can tolerate some amount of packet loss, a packet
loss rate greater than 5% is considercd harmful to the audio
quality [8]. The amount of packet loss rate that can be
tolerated depends on the nature of the encoding algorithm and
on the sampling rate of the audio stream. Changing the IP
infrastructure io support guaranteed bandwidth sessions would
allow for etfective transport of audio streams. Changing the
Intemet infrastructure i1s a difficult proposition, hence the

interest in application level techniques for compensating for
packet delay jitter and loss. Algorithms using Forward Error
Correction  (FEC) methods have been developed to, -
compensate for packet loss.

However, existing methods which used media specific FEC
technique can not forecast a network performance in advance.
The drawback of this algorithm is in part of increasing
combination number (number which specific the pattern of a
redundant copy of packet) [7].

Using a currently loss report to make a decision for a
transmission rate that suited for the next loss situation has not
always accurate. Because of the loss rate in the next interval
may not be rated to the previous intervals.

The single exponential smoothing (SES) technique is a
simple and pragmatic approach to forecasting, whereby the
forecast is constructed from the exponentially weighted
average of pass observation [5]. If the packet loss prediction .
use bounded adaptive smoothing constant from the forecast
loss rate in the next interval. The loss rate will be a predictable
variation sequence of the number as time series (time series of
packet loss), more correctly and less error in case of
significant time series average changing [1]. .

In this paper, to study the media specific FEC-based’
algorithm based on increasing the combination number. The
adaptive FEC control algorithm developed in [11] (the “CNR
algorithm”) is studied and significant improvements are
evaluated. Also, Redundant Codec Combination Selection
(RCCS) algorithm uses smoothing factor to calculate the
reward and penalty at selecting combination [8]. Both RCCS
and CNR are FEC-based error control mechanisms that the
amount of redundancy is controlled by the network loss rate.
This paper is to develop mechanism that attempts to eliminate
or at least minimize the impact of packet loss and end-to-end
delay on the quality of the audio delivered to the destinations.
Analyze the effect of the variability parameters that use in
process of each algorithm for improve audio transmission in
the future.

This paper is organized as follows. Section II reviews the
adaptive error recovery algorithms which use media specific
FEC-based technique and smoothed loss scheme. Section III
and IV are the experiment setup and experimental result
respectively. Finally, section V presents the conclusions.
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II. RECOVERY ALGORITHM WITH SMOOTHED LOSS

A RCCS Algorithm

Myoung-Kyoung Ji[8] proposed new adaptive FEC-based
algorithm, called RCCS algorithm using loss and dclay in
order to improve the internct telephony. They used smoothing
factor for updatc the reward and the penalty of current
combination, as in equation (1) and cquation (2).

Ri=afl,/L) + (1-a)R;, m

P.=afD,/Dy + (I-a)P,, (2)

This algorithm has 3 steps: the first step updates the reward
and the penalty of current combination. The second step is the
procedure that sclects the combination whosc estimate of loss
rate within the maximum and minimum threshold. The last is
sclects the combination that exceeds the maximum of end-to-
cnd delay.

B. CNR Algorithm

Centre for Network Rescarch (CNR) algorithm [11] is the
media specific FEC-based algorithm. Improves the Bolot
(1996) [6] algorithm by increasing the combination number of
audio redundancy by one (1) in cach period. This will reduce
waste time from CNR algorithm chooses G.723.]1 codec,
because it is the mosi widcly-used audio codec in the IP
Tcelephony system and 1t has low bit rate enough (6.3 kbps)
[11]. Besides, it is better than encoding cach audic unit two
times with high and low bit rate codec. The CNR algorithm
requires the Real-time Transport Control Protocol (RTCP)
packet ncluding packes loss rate before and  after the
reconstruction at the receiver. Whenever the RTCP packet is
received, the reward value (the L, and L, ratio) of current
combination R, using the loss information n the packet is
calculated such as equation (3) in Figure 1.

For each recenver report packet recened do
1.Update reward of the current combination
/et R, stands for reward of the current combination
R = LJL,
2. Calculate the pereentage of packets lost
before reconstruction, Lb
L+ = Numuoer of packets lost before
reconstruction . Numbet of
packets expected
3. Calculate the percentage of packets lost
after reconstruction, La
L, = L. Reward associatad with current
combination number
4.10(L, > HIGH) then
new _combination = MAX COMBINATION
rori=1to MAX COMBINATION
L. = Ly / reward of combnation #i
If (La <= HIGH) then
new_combination =1
exit for loop
combination = new _combanation
5. 1f (La < LOW)for N times then
Decrement combination

(3)

Figure 1 The prcudo code of the CNR algonthm
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C. Proposed Method

Base on our research, the CNR algorithm can uses the
exponential smoothing method to calculate the reward value in
the next interval. The reward value in a previous interval will
be used to decide which combination number should be
adjusted.

We added the adjustment smoothing constant which was
developed by Trigg and Leach [3] in the CNR algorithm to |
calculate reward value for unpredictable variation sequences
of the number via time series method, as in Figure 2.

audio packer over RTP

Figure 2. Mechanism to smoothing loss report

The smoothing value can obtain by the following equation.

[10]
S = aX, + (1-a)S,.,(X) 4

Where S, represents for smoothed value at time t with 0<a<1
is a smoothing factor.

Change the reward calculation (R.) by including smoothing
factor in reward formula following equation (4) by equation
(3). hke reward calculation in RCCS algorithm.

Re=a(ly/L) + (I-@)Ri, ()

1. EXPERIMENT SETUP

This experiment simulated the CNR algorithm which
included the adaptation logic of smoothing factor using NS-2
program [13] used a network simulator.

The topology of the simulation model is shown in Figure 3.
All links are drop tail links. Most of them have 10 Mbps
capacity and 1ms delay except the bottleneck link between N2
and N3 which has 2 Mbps capacity and 50 ms delay.

Figure 3. The topology of simulation model
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The audio packets was sent from the sender (node RS) to

40
the receiver (node RR) via the Real-time Transport Protocol 45 - s
(RTP) in every 30 milliseconds. RR sends the receiver report B ; = Cembio
every five (5) seconds to RS. There were other nodes that sent B2 .
the Transmission Control Protocol (TCP) and User Datagram ":E,m "
Protocol (UDP) traffics. Each session was repeated by adding ‘,ils e

- g e, e X N
the smoothing factor by 0.1 until it is 0.98. The whole I e
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IV. EXPERIMENTAL RESULT
Figure 5. Behavior of loss rate when reward value follows equation (3)

The performance of the recovery algorithm can be evaluated w
from many important parameters. Table I shows some
statistics from NS-2 trace files in network. All average
parameters were calculated from N1 source and N2 destination
node. The packet size was 24 bytes. The audio traffic started
to send a packet at 0.1 second and stopped at 1200 seconds.

The results shows that is used 0.2 as smoothing constant in
the unloaded traffic situation, the receiver (RR) would
receives amount of packets greater than smoothing constant at
0.98. g
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TABLE I
SIMULATION RESULTS FROM NS-2 TRACE FILE

No. period that L, >high threshold 19 16
Received Packets 528.500 516.505
Average Throughput (kbps) 1,882.86 1,871.72
Average Delay (ms) 7.82829 7.68629
Average Jitter 1 (ms) 71.018 78.1758

Figure 4 shows the comparison of different traffic
congestion. It also shows that smoothing constant of 0.2 can
be used in the unloaded traffic to have better amount of the
reccived packets. And for the better result in the loaded and
congested traffics, recommended adjusting the smoothing
constant is 0.98.

Using the CNR to compare with RCCS mechanism for 0 _
simulated the topology in the loaded traffic network, the 0 0.2 0.4 0.6 0.8 1
results shown in Figure the effect of higher smoothing factor smoothing facter
is better for adaptive error control mechanism than the lower
value, as Figure 5.

No of periods that La > HIGH

Figure 7. L, when smoothing factor is 0.1 until 0.98 in unload traffic
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Figure 4. The received packets in different traffic congestion Figure 8. L, when smoothing factor is 0.1 until 0.98 in loaded traffic
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We observed from running the CNR algorithm the behavior
perform follow Figure 5-8 that after changing the combination
number of loaded angl unloaded traffic, these two behaviors
use the same value of smoothing factor, which was 0.98.
However, when we adjusted a situation of network by using a
smoothing factor of 0.2 in the unloaded traffic behavior aad
calculated the reward value (R), the results showed that the
loss rate was not greater than the high threshold (5%) and not
lower than the low threshold (1%). Moreover, the combination
number of communication transmission was decreased.
Consequently, the redundant packets were decrease. The
receiver and the sender would have a better quality of
communication in exchanging the real time voice.

V. CONCLUSION

In this paper, introduce an adaptive parameter exponential
smoothing method to solve the drawback of the media specific
FEC algorithm in part of increasing combination number. The
CNR algorithm performs well when varying smooth
parameter at low value (0.2) in unloaded traffic and better
performance when set this parameter at high value (0.98) in
loaded or congested trdffic. The suited redundant information
of audio packets can be adjusted to appropriate network in
advance. Therefore, the adaptive recovery algorithm can apply
the smooth method to recovery mechanism in order to obtain
more available utilized bandwidth.
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