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ApusznanassanesinlumsmuguanvAanarauuulfudanlFlumsanu Tu
o ¥ d’ = - ar 1 e 3/ A a k1 = u’: A:A'l 9
‘r‘l']‘UBN‘Ilzﬂﬁ‘l.}'wlﬂf.l')ﬂ'l]ﬂ’lﬂﬂ‘ﬂﬂ'li’qq.jﬂ'lﬂ'llBQ‘[IE]HfllﬁJﬂiJﬂ"lii‘IﬂTlﬂuﬂ FEC ‘YI\'I'NI‘W@TH

9 =] = a a =R = LV d' 1 =
’c’f'lll"liﬂl'llﬂi)ﬂﬁ'lUﬂzLﬂﬂﬂ’ﬂﬂiﬂﬁﬂﬂi‘I"I1I1uﬂ'l'iﬂ’]‘1_|ﬁ]'llﬂ']HINWW?IWﬂ!l,‘lJ'l_l‘lJi‘Uﬂ'J‘ﬂ‘iltﬂ'ﬂ]'Jﬂﬂ

"
=

o ar ] J & § o = "
Juiatedall1dd0du FuileiinsIdinaiia FEC uda mdasimsgymsvesdoyahzdos
#vsaniiey 2 Ao
L, fip A19ATIN5YEYMIUNBUMIIAGLI (Loss Rate before Reconstruction)

L, fin A1031M 35 gayHIuMaan133AiTe (Loss Rate after Reconstruction)

& o Aa 1w ) a Aoy MYo ¥ F
¥R L, 'H'uﬂlJ']UfNﬂ'lﬂﬂ'i'lﬂ']'ifliy'l"!'lU'llfN‘Ui]l.luﬁlﬁU\'lTﬂUﬂUQ'lnvlﬂll"l‘llfl'lqj.a"tf']ll']

Y- oA ' o A W 4 d o - o
saiualn vieo1vezna1n1da L, Aedasimsgymsveaunninmiues 93Uy wimu

= 1

¥ y 4 d a o 4 o ' a d_ . w2
'J']ﬁﬂ'ﬁff*“n'iﬂ!ﬂﬂlﬁﬂqmﬂ"ﬂﬂ 6 LLNALNA llﬂlﬂﬂﬂ1ﬁﬂ”muﬁ‘35 3 UNANA AJUUAN Lh gQUﬂ']

] ¥
= =

WY 3/6 M5B 50 % 11utes daum L, szAnnanininudeyaidvaigymondanni 1Al

y o

b.

o 3 d

o 9 " = Y " A =) VA =1
ﬂWiﬂﬂLiUQ‘UﬂﬁJ”ﬂuﬁ’J AL, IUNITUATUDUNI Lb mmﬂmﬂWumsﬂﬂwayahuwmnw
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v ¥ 3 H - 4 1 A a v A Y] a Y
gamosau idnndeyadn vingli 3.3 wuddielimstasvedeyaudaiidoyaiduigy
ol P 2 e 3. &
wiw'liftes 1 sumininfemsud 4 dafuai L Sallauiiny 1/6 139 16.67 % ¥9a1 L, 11109
uiludvendaSinadoyaidvsigame & L, Tawnseiliideen1dsuiiguamd dou

v Vo - = 4 d 1 g
AL, lﬂuﬂ'lﬂﬂﬂﬂﬂﬂ‘ljill’lmﬂ'ﬁqmuﬂ'IUﬂllelWﬂlﬂﬁWl'l'Llu

II Original Stream
6| FEC
A
n 6 | Packet Loss
ll . ﬂ Reconstructed Stream
Lb=316=50% La'—' 1/6 = 16.67 %

' b
51 3.3 msauTavlddeyadrmsaildi L, deondi L,

] ¥ ’
mamusugavesteyadiannsaaan L, lddauuiig L, sxiisuiudu ningili

4 1 A A o : = | ° '
3.4 sztuduiiomudnoudoyaduiiu 3 ga awsedindoyaidoangynioldnua il

" o Y : 1 [ = aw o a | =1 o
L, M1 0 % muu“luﬂsa’iﬁm‘%‘amuummuﬂumqauazuﬂsmtuuwfuﬂﬂﬁ‘,tymﬂmﬂ%'qms
A4 4 . o A 4 d & &
wriiuswaugadeyadr e ldansaddoyadosluuininangymislaunniu uaz

AWITOTNYITTAVYDIDATINITYN WU

II 3 Original Stream
n 1 3lals] [4]s]6] FEC
ll H 6 | Packet Loss

B Reconstructed Stream

Lb=3/6=50% La=0/6=0%

é a o 3 : ] U 9
3UN 3.4 Mamus YAt IIT0¥IaAM L, 14
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32 Sane3tumuudiudhililunsiom
3.2.1 ©ane3iu Bolot
Sane3iuillasumsiaue 1o Bolot wax 183 umsaiuiastuns) Faluunanuills
ﬁmir'imuﬁgﬂuun-umm'si‘)’saawﬁﬂuum’;'l (Combination) 181 13na10uuy uaz1dviims
NAADINDHIAT Reward VDA Combination 1AvA1 Reward (R) ADSATIAIUTENINM L,

uazA L,

R,=L/L, 3.1)

{ SO0Im! 1N |3 ti0X

0 (PCM) 1
1 (PCM, ADM4(1)) 2.5
2 (PCM, GSM(1)) 25
3 (PCM, LPC(1)) 2.5
4 (PCM, ADM4(2)) 6
5 (PCM, ADM4(1), ADM2(2)) 6
6 (PCM, ADM4(1), ADM2(3)) 10
7 (PCM, ADM4(1), ADM2(2), ADM2(3)) 18

#1 Reward ¥93LAAY Combination N5nglu M319# 3.1 umi 1dninmsnaans

Tavlfinsov1useninaaniiu INRIA Tuyszinedsauaany University College London (UCL)

a o @ o o o [ '
Tulszmasengy dmsudydnual (PeM) mineds nauindaldnmsiudauuy pcM Taolhi
s L4

fimsussydoyadn daudydnwel (PCM, ADM4() wuwda Tuudazuinad1AUR N dui

. Y
Hudoyananldnstusauuy pem uadmiidudeyadrldmsiudanuy ADM4 naziihu
: 4 A @ 4 L] o o o o 4
'i’fﬂu“acm'umuﬁnmnw N-1 (@av 1 fegluluay) uazdoanyaiues Combination HUUOU

o o & y oA ' '
asoudannunieldluvueufioatu F981 Reward dilumnanniovenldnunay
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Combination mmsnﬁ%gmﬁuﬂuuwmﬂmﬁmﬂw"lﬂmwm‘lﬂ WOLILMUI Reward ¥
muﬁumaumimnmuquﬁ;ﬂwwauam sndulunstives Combination i 4 uag 5 Faiim
Reward i1 1az11n38ives Combination wumﬂwmwmauammmu Combination 11%
*umlacmamuwﬂmﬂﬂagmammmnmﬂ’ﬂwuumﬂmw +iifi1 Reward @and1 #2061
Combination ‘Vl 4 A1 Reward 'c’Nﬂ‘N Combination 1 3 tmﬂtl'lﬂ'iﬂmllﬂ1 Reward ‘ﬂvlﬂll’dﬂﬂ'u
asafi 3.1 ulﬂﬂﬂ'\‘lﬂﬂﬂ’lﬂﬂﬁﬂﬂﬂﬂﬂlﬂ'ﬂlu mqms)ﬂv'lmi'lu%saxﬁua"lﬂ“lunnﬂmwu'maan
mmmumwmsmmnmwNﬂwmﬂuuuﬂsumﬂﬂuhaaﬂmm Bolot Tugilfi 3.5
st hdsuriinsnenummea L, "luwm'lﬁ'mmmmuiﬂuws uﬂwm L, aaflaq
Fraction Lost ‘llENu'ﬂﬂl,ﬂﬂ RTCP ¥1a Receiver Report %Qﬂﬂﬂﬁﬂﬂ Fraction Lost wuh‘lumi
u‘l.,]ﬂ'lﬂﬁi’lﬂ'liﬁigﬂ'ltl‘llﬂ»nmﬂlﬂﬂ waziiloannmi L, nmmmuaﬂﬂmsﬂtw'wﬂuaauwmnm
mmmsmﬁiQaﬂuﬂaﬂu'lﬁmu uadsuez hiswame L, Wailiiieanniisane3fiy Bolot
1&g ns e L, udszAnnua L, Taoldm L, 3§05 Reward Y93 Combination 71

o

Adaldan wazia L, LA umsdaaulihaasidenfiszifiumiean Combination

. . puinifadeyaidossiiu RTP| .
Aaadoyaiius > Asudeyaidos

Ed
iaengluyudeyadi

Bolot Algorithm - -
floundua(L, )t RTCP

qUn s ummmmsmuaummﬁﬂwamuuuﬂ%’nﬁ's'lﬂuﬁ’é'aﬂa?ﬁu Bolot

nng1it 3.6 vzituindaneiiy Bolot SaunsalsadinldlumsiinsanaiL, ag2 M
#9 HIGH uaz LOW S wna1L, mmumwmmsﬁ‘[laﬂ HIGH 1%1#i% Combination 1aun1s
{11 Combination #1103 3tAen1e Combination Tuarsed 3.1 “lwunmifu [y vInAY
14 Combination H¥WIAY 1 diolafifl L, mmnmﬁhm HIGH ozimoudu1e
Combination ¥u101aY 2 (HUAY uATIAI L, dnaunsaleas Low 1¥aa Combination 1ay
Tu [13]‘1ﬂmﬂuﬂ1ﬂmmmiaaﬂ HIGH az LOW Sifniiduie 3% itensuguldmi L, 0;1,10

3% u@'imiﬁmuﬂmmﬁﬁ'iaaﬂmﬁaﬂwmxm AL « 1 1%5in1510 30U Combination uaumq

v
asg A

sz lifigeuen L, sralaaufisanes il Zoaiinmsulavuilas Combination
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L, (%)
A
100+
Increment Combination
HIGH
LOW
} Decrement Combination
0_.

5171 3.6 MaifiNLazan Combination Tudane3iu Bolot

waamsiuYessane3 i Bolot aunsaaglilu Pseudo Code 18dazUn 3.7 Taw
n’: ! ° 1 T o . '
Funoudt 1 Fufniaum L, mnAriie 180 nuRinifia Recevier Report TasA1v04 L, 1233

' & a w
ogluluilad Fraction Lost maﬂnmuﬁ'amﬁzumaﬂﬂmsqrgmu“luuﬁmﬁw“lu%ﬁ Fraction
] ' = A A - TS ' [ 1 A A
Lost vt Wiszayilummaiisunieminilunlesidudlavase uavzsziludasdndionoy
o A G‘A’d d o U 1 ' d . 'V o
& 25618] ilpeniniadiiivuie 1 Tud drethagu diirlufad Fraction Loss N 128
MINORITATIMIQYMIOVBIRNINANIIAY 128/256 = 50%
¥ ]
Jusuneud 2 Wumsdmnama L, Tavl#a L, 113820 Reward 499 Combination
¥ ¥ 1) ¥ v ]

oyt mimiuludunoui 3 uazduneui 4 s L, fdwan a1 umsdaduleiee

lﬁuﬁ?ﬂﬂﬁ Combination

For each RTCP packet received do
1. Calculate loss rate before reconstruction, Ly
2. Calculate loss rate after reconstruction

L, = Ly, / Reward associated with current combination
number

3. If (L, > HIGH) then
Increment combination
4, If (L, < LOW) then

Decrement combination

31]'?! 3.7 Pseudo Code é’aﬂa?ﬁu Bolot

32.2 dane3nu RCCS

e _ A L
aanasﬁu RCCS[14] %38011910 Redundant Codec Combination Selection L‘ij'u

(]
o

[ o A = ot ] A . . b a o
SanesiulunsaiuguanuAanmanuuliuaIninsiaen Combination Taoldwiniiinos
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ApafIAD SATIMIgYMILYBIToYANDTAIAININTENI19a18N13 (End-to-End Delay) i
HANA99INTaNe3 TN Bolot i 1disadanimsgymvvesdoyaifivendindsd A1319i 3.2
1erAa Combination 7 14 1udane3ihy RCCS nﬁqﬂzsﬁuh;ﬂtmuummsi'i'mmﬁ'mga% 3
wiinvoentsiusaidesluusas Combination Huuana1sTlandana3ity Bolot Tunedund
Reward U@AIAT Reward ¥03LAAE Combination afumanii 141197091 Reward 104 Bolot
Y109 Taosh Reward Y9311Aaz Combination TuA131371 3.2 vesdaneiiiy RCCS 9N
Reward 94 Combination 115191 3.1 ¥9a8ane3#iu Bolot ﬁﬁﬁ1u1ui’1’aga=§1unzﬁmnﬁa
wa%’agavﬁmsaﬁu Taohiaulewidavesmsfiusaidoe usm Reward Tuansiadi 3.2 it
09 Reward 3uduiiniy msizdanoiu Recs veiimsnlaounyas Reward ves
Combination #ifdalFmandsit Id5uuinifia Receiver Report nazlunedinivagado
ABAIT Penalty HumSasdusznemnaMiNsEnhalmemamdsmsiasvadoyauas

v
fnmmiaszrialaemanoumsdasvadoyadn

¥
Ao halmemamdimsiaiGesdoyadn
Penalty = (3.2)
E
Anamiassznalaensnoumsiaisuadoyadn

4 a0 = v A dAwy o’: '

971 Penalty Tioglumsiai 3.2 Wusundeii 1dninmsnaasmain a3a ualuf14]
4y My a Y 1w ' ' ' ' @ v A aad ' <&
A5 r0i01 Beddanuhimsmmnaminsieunaznans i valiasmsedals &

k4 . [ v
msmsnamitenhalaemainiidon deanaiunimeeaniosddunzinies
Asulhidszaunu MINUALMNNISAIANANURANAIALLUTUAIVRIsaneTHiy RCCS Tu

1 o AV o A 3 ] '
507 3.8 sztunmigusrdesswanlfuddeliog 4 1 Ao L, L, D, (I0MUNITENIN

Yaemsneumsiaieadoya) uag D, aminsznhalmemamdimsiasvsdoya)

winiinvoyaideari1u RTP
2 >

e

davoyaiiu

Asudoyaidus l

£ Cr——

- Y o
wonjgduuuvsyaT

RCCS Algorithm [

tloundvsi,,L,,D,,D,)H11U RTCP

Ui 3.8 umunmmsnuguanuAanmanuulud lavl$daneiiu Rees
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M15197 3.2 A1 Reward 11a¢ Penalty ¥041AAz Combination118ane3 7y RCCS

" Penaltv™

0 (G.711) 1 1
1 (G.711,.GSM(1)) 2.5 L5
2 (G.711.G.723(1)) 2.5 2
3 (GSM.G.723(1)) 25 4
4 (G.711.GSM(1).G.729(2)) 6 24
5 (G.729.G.723(1).LPC10(2)) 6 4.5
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

gﬂ'n 3.9 1811 Pseudo Code VI8N0 HU RCCS 2oty iins 19wisfimes nany
@ Tﬂumaﬁmwmmsmmanmmmuua:ﬂumswn 3.3 910 Pseudo Code wiuidieldan
L, L, D, #az D, Tudunoud 1 -2 ud luduaeud 3 sedimsudlud1 Reward (R) uaz

Penalty (P) Y93 Combination ﬂwuu Tﬂts‘lmnmsmnsmmu

R,=a(L,/L)+ (1-0R, (3.3)
P.= a(D,/Dy) + (1-0)P,, (3.4)

m319h 3.3 fresusvoamiimesnidludaneiiiu RCCS

R, i1 Reward Y94 Combination “luﬁﬁvﬁ i

P, f11 Penalty Y94 Combination 1uﬁ1ﬁ"uﬁ i

L, (L) sanmsgamioveaiinfiandimsdaios (ML, floAmeuea L)
L, (L) FanmsgamoveainiNAnouMs IAEe (ML, floAioved L)
D, Az lmemandaimsiaiEos

D, AamiasznihnlaenaneumsiaiBe

a admiudmuannuEvesnsldountaim R, uag P
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For each RTCP packet received do

1.Calculate packet loss and delay before reconstruction Ly and

Dy
L, = 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
Da
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
P;

in combination table

4.1f(L, > HIGH or L, < LOW)

For each combination j in the combination table
Ln/Ry
Dyp* Py

I

Calculate and predict L.', La’

Calculate and predict By', D;"
If(L," < HIGH and L,"' > LOW)
If(D," < DMin)
selected combination = 3

Dmin = Da'

5.combination = selected combination

51/ 3.9 Pseudo Code ¥948anv3 11 RCCS

msudlus Reward it 1A1 Reward fiandasundaslamanininiodioess
1999109171 Reward  711491nN1311ANDIUDI Bolot 199zl ldgndeaaue T lunn
anmIAdou iy lusuneu 4 1lunsidon Combination Tavaefinrsannnasaii 3.2
2 18 Combination 13NILAY Combination gAY 1AZ9ZIABN Combination wsnR M L, (i
ymnoves L, 39180nmsi L, n13@ua Reward) aglugaasznhamsalend LOW uoz
HIGH 1102 Combination #ana1ezAnsld1 D, @mimnoveanaminaaznialaenamas

@ 3/ 1 U o . 3
MIVALTVIVOYD) TiiuAunsa lgad DMin A0
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323 ane3niu CNR
ar = 2 ' a o &
$an05itu CNR (Centre for Network Research) aud lugaunninsvessanssny Bolot
1 A @ o = % u b4 v v
Taomsldanseves L, lumsdadun/aou Combination uag ldndlulgymimsunisvesm L,
@ o & d ° ' . . g 4 a
Tasmausmunisiinves L, sniunsalead LOW layazan Combination AAoiie L, 1
' el ' o =Y " - 4 ' v W@ " a
fhdnimsalead LOW Aadounuiivanouds melvinilannuduaveunievivanness
wazdanesiu cNr 1Audlugaunwieavasdaneiiiu Rees  Tasmsuonidenlyluns

daduloanuaziiy Combination 90NN

mmmumwmimnﬂnmmNﬂwmmmuﬂmmiﬂuhaanasvm CNR 1u[8] iwmu
SfFveziimsneaud L, uas L, WiuddalaoldTys lanoa RTCP mwﬁqmmmmﬁmu
119 umsdaduleiinsezidon Combination 1a Tavuiniia RTCP w"laf“lumﬁwuumm
AaiiAADIRNIA Receiver Report 319zt L, naluladii9o Fraction Lost dauA1 L, u

zgmirhlor I3 ludmvnveaned RTCP

" |uwnmm:aymfmqmu RTP
Adadoyaido

U

> Aiudeyaiies I

- ) o
imonguvuveyas

CNR Algorithm ; .
foundun(L,,L, )1 RTCP

31t 3.10 wunmmsmuguamAanmauuSuda Taeldanesiiu CNR

¥
(Y

31 3.10 ifugUuuuveauiniia Receiver Report fifimsszyviam L, uaz L, Tavszy
#iWad fraction lost 1A fraction L, ANAIAY WA fraction L, ogluduvnuieanes uazi
Y17m 8 AR UNOS fraction lost usiiieaninlu(s] Mszyldhnnueveuiniia
RTCP vxdosiivunaiins 4 nafa fuhudefidnili1d1Faumaong 3 Tud wazilesnnd
1y (81188 muaen 13 il ad fraction lost ADAISATINMITYMIVDIANINARUAID 256

¥
Fautumsszy L, uay L, 391935msidvaiuie

I

fraction lost L% 256 (3.5)

fractionL, = L,x256 (3.6)
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uazlumsniuquanuianaauuliud Tavl98aneiiu CNR iilodde1&5uuiin

¥
o A

" (=1 1 ' a g4 d
lﬁﬂ Receiver Report éﬁﬂﬂ%muﬂ‘l L uas L, waq"luuwmﬂwmu

fraction loss / 256 (3.7)
L = fraction L, /256 (3.8)

= A

£ ° o a ' N . 1o
Fam L, waz L, szgmirh1¥lunsdaduidoniteg 14 Combination 1a uAdanedinu
n’: ] = q‘ Q’: A Q.: L =) o o = LY =9
CNR 1111850151 Combination A33aznilavguALITUSaNa3in Bolot uASNDTAN
CNR 92117711 Reward ¥991i#iag Combination 1119111518907 Combination MiMangauiy
- ] - a % G’ :; [ = A 1 ar = &R d. =
AN INIASBU1UA D Combination 1@ 1Az A9NOANDINU CNR  11ANAININDANDINUDUDN

& A o a R d' 9 : s 9 =1 s -::du ) c‘- 19 s
Yszmsuilsfe ludanesiiudug deyadninezldmstusaduaniidasiiadiniveyanan
. [ 'a o 1o a - e o a
Wodlumslsendanuudian udsane3iiy cNR T¥mstiudaidus G.723.1 isdeyandnuaz

¥ "
i o

¥ o A a o A ° ' oy "
Uﬂﬂil'ﬁ"]ﬂ I'NEN‘]'lﬂﬂ'lﬂ.lllﬂﬁLﬁﬂﬁlluuuuﬂﬂ'l"l'lJﬂﬂﬂ]ﬂqu'g? (6.3 kbps) LmZﬂTﬁ'“ﬂﬂlﬂl‘J.?lﬂﬁﬂllﬁz

9 Y A v oA A 1w do Yy 1Y a 4 & ¥ A
'Ufnéﬂlaﬂ\'li‘]fﬂ'lslll]ﬂﬂlﬂﬂqvluﬂﬂﬂ'Nﬂuﬂﬂ11ﬂﬂﬁ~3ﬂﬂ“ﬁﬂna’]u1ﬂﬁlu IUBININADIUNTT

k'

9 as (; v 3 J = @ A a oA e o 3/ o
l‘\l’liﬂﬁlﬁ'ﬂ\'l‘iulmﬁzlﬂillﬂ'lﬂﬂ'ﬂ 1 A3 IWI511%ﬂ'ﬁ'1.I1J'ﬂﬂlﬁﬂﬁ‘lﬂlﬁlﬂﬂ'lﬂuﬂﬂ'lll"ﬁﬂﬁl'liﬂﬁ

= o d [ @ s o
Wosnsadvanzitudeyandamsiiusae idudeyadr lumondsldiny

0 1 2 3
01234567890123456789012345678901
ettt bt =t =t =ttt =ttt =t ==t ==ttt =t =t —t—F—t—t—t-t+-+
|V=2|P| RC | PT=RR=201 | length |
S R S T E S s st st et sl et sl st suls st st shule st et St s st
| SSRC of packet sender |

=t+=+=t=4=t=+=+=+=+=+=+=t=+=t=t=+=+=+=+=+=+=+=+1 +=+

SSRC 1 (SSRC of first source) |
bt bbbttt —t——b—b—b— =t === ==t —+
cumulative number of packets lost |

bt —t—F—t=t—F =t =ttt —F ==ttt -ttt -t -+-+-+

| extended highest sequence number received |
ettt b —d—t—F—F =t ==t ==t -t =t =t ==t =ttt =t =ttt -t -F-F-F+-+-+
| interarrival jitter |
tmdpmtb =ttt =t ==t —d b=t ===t ==t —F—F ==ttt -ttt -ttt —t—+—+
| last SR (LSR) |
ettt =ttt =t =t ==t —Fmf=d ==t =t ==t =ttt -ttt =t —t—t—Ft—+-+-+
| delay since last SR (DLSR) |

+

g 3.11 m3szy L, ua L, Tuuiinida Receiver Report
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o

¥
#M5Y Combination voadoyadi1¥ludane3fin CNR i 6 Combination Asuasly

= s 'd
13199 3.4 Taolunoauyl

Combination Format W muadydnuahiilusnnuduouiiold
1mu§ﬂunmmﬂay‘a°§1 frotraru Fydnvel -1 nuneau lunsazuinifiad AU N oz
fidoyadn veuiniAnd§ui N-1 of uazdydnual -1-2 minwaauh Tuudazudinba N oz
fitoyadrveauiiniin N-1 1oz N-2 0§ dm3udeydnucives Combination 87 Aewsaua
Ao l¥luiesideaduil daulunednd nital Reward fusFuduves Reward luus

. . 4 g ' — o n o a
A Combination FIAABAT Reward #11891nA15NAADIVBI Bolot 11D UAludaNe3in CNR

b
IS DA

{iA1 Reward 3¢ linad Tavvzgaud Tvli/douunaslauanmueunietw

" ¥
131497 3.4 Combination yoadeyadnil¥ludanesiiu CNR

0 - 1 17.1
1 x| 2.5 248
2 -2 6 24.8
3 -1-2 6 323
4 -1-3 10 32.3
5 G103 18 39.7

317 3.12 15 Pseudo Code vo8an03 Y CNR iilodda1dTunMnifin Receiver Report
Ao L, uaz L, Tudunounsnazud sl Reward 489 Combination Tayiiu dauly
Hunouiiaouilumsiuinaunfiisi,  Hmdiniunsalead Low oty lugunls
count_L, under_low) Saanlsdiiezimsnsnaeudnaiudiefinsdadulean Combination
Tudupouitauniiumsasavaeuids L, fiemnnuRnifa Receiver Report Hfganiunsa
To0d HIGH f92Apaiin13iiy Combination 30114TasrAIL, UAzAI Reward V09
Combination #10¢1u&1WudAIN Combination Tegifuiluduluulszainaidudenldusdas
Combination 1&29z1Am1 L, mils aIfufieziden Combination nsndimszanaves L,
@5 L, 11 Pseudo Code) litfumsalsan HIGH a5ty Combination HUVTaNNTD

@ ' 2 L & & &
ﬂsxﬂaﬂnaﬂﬁ'mnnﬂﬂmwn Combination ATIAZHUIVU
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' A o d d . a0 o ' o
ﬂ'}lﬂ‘luﬂiﬂl'ﬂﬂ'l L, NOTUUIDINUNNINA Receiver Report Nﬂ1ﬂ1ﬂ111ﬂ‘iﬁlaaﬂ LOW

L
a

o = ] @ ' @ o A e 4 [ 4
§ane3iu CNR 92'l1ian Combination Yu# udsgrfuimauniaii L, fimdniunsaleas

b.

row lugranardadu ¢iu'131udau1s count L, under low) N152@ Combination 1u
Sanesuezinaau 18idoiion count L, under low 1301 count_L, under_low HAMNANT
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For each 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.if (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 = Lp/Ry
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

else
count_ L, under_low = o
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count L, under_ low = o
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Packet Loss Recovery in Media Specific FEC Audio
Transmission by Least Square Method

PHICHET MOUNGNOUL, ARUNEE KANWIBOON and KOBCHAI DEJHAN
Faculty of Engineering and ReCCIT, King Mongkut’s Institute of Technology Ladkrabang,
Chalongkrung Road, Bangkok 10520
THAILAND
phichet@telecom.kmitl.ac.th, kobchai@telecom.kmitl.ac.th

Abstract - This paper proposes a packet loss recovery
technique in audio stream at a sender side. The adaptive
error conirol in the Internet telephony system uses this
packet recovery scheme based on the media specific
Forward Error Correction (FEC). By adapting with the
least square method used recovery algorithm with the
best fitting curve of a reward value. This technique can
estimate the trend of outcomes, and improve the
adjustment of redundant packets of the recovery
algorithm. The results of experiments show that the
adaptive error conirol algorithm can decrease the
packet loss rate.

Keywords: Internet telephony, packet loss recovery,
least square method

1 Introduction

The current internet normally uses the best-effort
service model. This cannot guarantee the quality of
service (QoS). As a result the transmission of audio
traffic over the internet is always affected by the packet
loss problem. The FEC (Forward Error Correction) is one
of the error recovery mechanisms that can reduce the
effect of packet loss with the low latency [2]. FEC
technique adds some redundancy that increases the usage
bandwidth. The adaptive FEC-based algorithm which can
set the quantity of audio redundancy based on the number
of packet lost, therefore, is required. [4]

There are several proposed algorithms that can do this
task. Some algorithms have to use a loss report forecast
or estimate the reward parameters for the next interval
time [2]. The least square method is very popular
technique employed in computing estimation parameters
and data curve fitting. This method can be used in part of
increase or decrease combination number (pattem of
redundant data in packet) for the adaptive FEC-based
algorithm. In addition, the better forecasting can be
performed because the result of this forecasting will be
used in the optimization of the recovery mechanism.

The SES (single exponential smoothing) technique is a
simple and pragmatic approach to forecasting, whereby
the forecast is constructed from the exponentially
weighted average of pass observation [6]. If the packet
loss prediction use bounded adaptive smoothing constant
from the forecast loss rate in the next interval.

This paper studies the performance of the media
specific FEC-based algorithm by increasing the number
of combination data and comparing the performances.
The adaptive FEC control algorithm developed in [5]
CNR (Centre for Network Research) algorithm is studied,
and the reward value of this algorithm is forecasted using
the least square and exponential method. Process of
quantitatively is estimated and the trend of the outcomes
known as regression or curve fitting becomes necessary
[1]. The develop mechanism attempts to eliminate or to
minimize the impact of packet loss and end-to-end delay
on the quality of the delivered audio to the destinations.
The effect of the variability parameters that use in
process of each algorithm for improve audio transmission
in the future is employed.

2 Packet Recovery Algorithm by Least

Square Method

2.1 CNR Algorithm

CNR algorithm [6] is a media specific FEC-based
algorithm. This algorithm improved from Bolot [4]
algorithm by increase the combination number of audio
redundancy in each period. G.723.1 codec is the most
widely-use in IP telephony system because it has low bit
rate enough (6.3 kbps), this can reduce waste time from
Bolot algorithm.

CNR algorithm requires RTP (Real-time Transport
Protocol) for send audio data from the sender side and
RTCP (Real-time Transport Control Protocol) use for
report the loss rate (packet loss rate before and after the
reconstruction) of the received data packet to the sender
[3]. The redundant packet used for recovery the lost
packets and the better combination of codec for higher
the recovery rate. By used Bolot formulation to calculate
a reward value of each combination data as equation.

cket recovery rate before r tion
reward - P2 ry efore reconstruc m

packel recovery rate afler reconstruction

RTCP packet is received in sender side, the reward
value ( L/ L, ) of current combination R. to calculate the
loss information as follow.
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where Rcis the reward value of current combination, ¢,
and ¢; are coefficients to be determined the least squares
error solution.

2.2 The Least Square Method

The least square concept presented here will continue
o develop for estimation, prediction or numerical
analysis the reward value in CNR algorithm. Least square
method with Hilbert space [1] can predict the optimized
of reward value for system in Figure 1. From Figure 1, w
represented the input data and z represented an output,
the relationship between w and z as the transformation z
= fiw). Discrete input data is represented by w,, the
output result is z, = fiwy, i = 1,....m. Linear regression
method is sloved this problem by a linear function fo(w),
as follow.

e B
Input w) Oulput

Figurel. System model of linear regression method.

falw) = ¢co + qw 3)
Let the individual deviations &, defined as
8= fw)=falwy))  i=l..m 4)

The solution problem by least square method is obtained
to choose the coefficients ¢, and ¢, with minimize S.

52 4

v
M3

(S Ow) = falw)P )

Ma

[z —(co + W)l (6)

™

i

S is the sum of the individual deviation square, f(w;)is
collected data and £ (w;) is trend of reward data. The 2™
derivatives of S, as follow.

=i zj— (g +aw)i(-1) =0 (7

%’la §'|a;

i 2[z; —(co + w)l(-w;) =0 ®)

Rewrite (6) as follow.
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2.3 The Proposed Method

Base on the CNR algorithm used the least square
method for calculates the reward value in the next time
interval. The reward value in the previous time interval
used to decision the optimize combination number.

The reward value and combination number can predict
by linear regression formula. Table | show the reward
value in difference combination of Bolot.

(12)

(13)

Table 1. Reward value of difference combinations type

No. | Combination Bolot
0 - 1
1 1- 2.5
2 -2 6
3 -1-2 6
4 -1-3 10
5 -1-2-3 18

3 Experiment Setup and result

This simulation setup with CNR algorithm uses NS-2
program for network simulator.

The network topology used for simulation model as
shown in figure 2, all of links are drop tail. Most of them
have 10 Mbps capacity and Ims delay except the
bottleneck link between N1 and N2 has 2 Mbps capacity
and 50 ms delay.

The audio packets was sent from the sender (node RS)
to the receiver (node RR) via the RTP in every 30
milliseconds. Node RR sends the receiver report packet
in every 5 seconds to RS and another node sent the TCP
(Transmission Control Protocol) and UDP (User
Datagram Protocol) traffics.

From Figure 2, all average value calculated from source
node N1 and destination node N2. The packet size was 24
bytes and audio traffic started for send a packet data at
0.1 second and stopped at 2400 seconds. Table 2 shows
result data from NS-2 trace files in network. This data
determined the performance of the recovery algorithm.
The number period that L,>high threshold of least
square method has lower than Bolot. It can increase
number of data recovery and received packet data.
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Figure 2. Topology model of the simulation
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average throughput and average of delay is decreased.
Parameters Least Square Bolot g60 | o« eeees Lb (%)
s z o = La(%)
No. period that 13 17 £ 50 'Q._ ' X —— Combination number
Lo >high threshold S| Tust
Received Packets 1,056,000 | 105219 | €, ;%%‘:
Q R4
Average Throyghput 195067 | 195046 | Fao | [TIRY, .
(kbps) RN S-SR
Average Delay (ms) 62.56 70.14 dro Rl
0
Table 2 Simulation results from NS-2 trace file.
0 500 100g sy 150 2000
From (2) can plot graph of difference combination Figure 5. Loss rate of least square method
scheme and compare with the other the results [4][5][6]
shows in Figure 3. The least square method is better than
Bolot and exponential smoothing method. References

Figure 4 and 5 shows loss rate and combination
adjustment by Bolot and least square . method,
respectively. The adaptive algorithm of CNR can control
the loss rate in the next time interval and reduce the
number of loss rate after reconstruction as L, more than
the HIGH threshold.

4 Conclusions

In this paper, proposes a reward value forecasting by
the least square method to perform the better forecasting
and solve the drawback of the media specific FEC
algorithm in part of increasing combination number. The
experimental result shows the better performance of loss
rate and important parameters in network. The recovery
algorithm at sender side can send the appropriate
redundant packets to audio receiver.
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