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VDice w,B rernain a fundamental cornrnun!c:nt,on ::1Ur),3 that cut across people of an 
'N.Jl~~s of life, !t ;~.:; therefore lrnport8nr to r"akf.' it v:.;:ry uHonj&l;[e, VolP h,JS to de with 
:Jigii:;:;:1 t'::.;lephony systern th:::lt uses lP prcJ:)cd for VoiCf; cOrr1rnun,cation and has been 
hcrea::;w,qlV popular in recent tor-nes du(.~ tc [1.5 nf-ro:cL3bUfY !'lCWff;V{'):) PCH"Jr rdi8bihty 
nnj voice quaHw remain irnpmtant factor~; that limit h;::)\i\t!despre:?!d adc;ptbn of Vo!P 
(',\,('.tE~ni:> (:~<~()f~ ';:':<I~!C> "<::'::l';+-, ,~, " vc:o, r,,(:'''''!" f, .. ··r ,:('·,':>n~ t<·':.~"",~it'rl() frc'''''' ·the' Pt,hl:i~ .';)y .. -'" .. ~~,,;;. ..... ./~) ... ~...: .,..r; .. ,:; .. / ... ~. ~.}", •• ....,.~!.y ~ .. :,. C ............ '} .. -:::~o./~~.'" .... 3(· ...... ) .... ~ ... ~ ~i"..."':~ .... ,s.~ ~~ ! ... ~\( •• ( ... , • ./<! .... ' 

SW;lcheci Teiepl:Of1e NE;t\:verk (PSTN) to \io!P !v;;two:ks, It h;:~s bel::';: shown that nne 
{:';~h~'1 ie:: (i'-',:,:, 0f th.,::, kf:-v f""'~k)r;:::, t~l~:;,t ;'I(.:,tc~t'iC,<·.-:3t;:'> \.;'(i'CP n' '$'>Pt''f' irs v~~,p sV<::fpn'<,;: (~p.vi;;'Yc'-::l _." .. / ... ~ v ............ ' . ./ !! ..... " ... ~'; .:;:t ........ . < •• , .. ~}.;.:t ... ) .... ,,\. .. ~:.~) ............. ,I':'· ...... 1~Jo(".(~ ) '.I'-->~~ • .; .... ~ ...... }:.: ..... (, ........ .I' , .... ~~ 

non~r8a!-t)nlf; aiqodhrns 1',8V8 been developed ~:: Eterature to estirnate various 
-:»;:pc<,.'i<:: (Jo,f "():i~f:- r1L'8'!'t'! j'n \/"j'C s\I'.::+,':>:r<<.: B!l+ thp(P '" n;') ,'p''>'~f-!·n''''' Oll'nn~;q"l"'-' t'

h ->! ~;tv .. 'V'./ .. "" • ,.( .... v ..... · '''1 P .. (~ ~j -..:\;1~ • .'1 ...... :. ....... :"" .. , L..... ~ .• ~ •. .o./ ~ ..... ""!- .( .... ~ .... (.J!. ,..;:~C .... .;;""'~')~' ~~{;( .. 

f:sti:nates the echo content of 8 V,:)!P conversation, which could enable the operator 
take s;)rr,{; corrective actors to irnprc;ve the quality wllite lYlE, caB is in progrf;~;s. !n this 
thesis, we proposE; a reaHirne fuzzy 81(1odU:rn by <:':nqaqinq fuz.z.y rules to c.:;Urnate the 
Qir,:':':'l<'~t"l "t tl-v-" b'IA e(:r'<r) '-"ifT,'~jnr~",,(:r ''}f thp \!';i,~~.::. "'11-11;tv ir' \j;)'p flPtVjr,r"'f;<.: The rp"', d,'t>::-.~~ .•. -- ..... ::1 .. ~ .... ... ~"--" }.~ ! . ...., ~ .... ,~ .. ........... 1~ ,.... ............... \.~~"'" ......... .. .1......- .... ~ ....... ~ '/ ~ ~ .. ~. ,.-./ .......... ./" ~ , .... ..... , .... ~ ... ~ " .... ' 

obta:ned sho\vs that the algorithm is able to track and estrnat:.:::~ ec:ho i,:ontent of <3 Lve 
VoW ttanl(; [n reai-tirne, This alCJorithrn could be sn:bedded it; \/rdP svsterns to ermbb 
.. .. ~ .. 

opf:ratDrs monitors cans in rea!,time 
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CHAPTER ONE 

INTRODUCTION 

1,1 Background to tht? study 

years anel wiH c()ntinue tt' spread both in the carrier and entf;rpr)sf~ sectors. in fact. 

(Lef:.~ And C-:hc>, ?()1 e}). 

\",?nr', ;''',",,;'''' r-,,:)'-"'''' h'liH' yr, ,~, jv-.nt"rt j'v'·r~ .. V(:<.~ '-'fi' n'>"o', {'! ;'j'l ~,1 ;''If"'·nii' {';,:lj':{'n·~: ~;l'r--i'< {"'Z pp~ ':l'1 iJ-- ( f;'c::' 3 }O:). .. . ' .... ~ ,{.':,~ -:.:" ~ ...... { •. ,,~ ( ")~'~":" ........ •• ,~. }.'t .. ·· .... '. ,'.,1.: .... \ ..•. : ', •. , .... -.J, .. ~ .... , ~.' ~.It- .. ( -• .; •. < .. : .. ): : ......... $ • ...".! .;): ..... '.V/:·!<':: .' , ..... . 

instance, CEm be mtmdueed during b\v bit rate voice coding that is commonly 



tnken into con,<:;i(leration whnn BvaluatHlg the performance of:.:; VolP nehvcrk (Bh;:~tia 

et al,. 2(01) (Thomp~;on, 2(10). 

~::'P"\<:('{') V'~'('l;;;'Q"I"Dl"f" ,-l: :';":(' '.J.~: '.!: ...... <\.~'"'{ ds ....... < ~ ..... <i. .. ~~ '..~v."~: •. ':: 

can s8tU·r~l 
TctBl amount of Urne to setup a cali (can vary frorn SOC 
r"ns to l() $) depend\r:g on availability of Uie network). 
The nurnb,:f ofsimuiuH1:,}QUS calls that C8n be !1<:1nd!ed 
vv~tr';()ut any ~Jer c;.~jj v:!t~ft> 

Sef\l~Gf; rf:(1"uire["nf:~nts cJur!ng \./f)ic{~ cc)ding anci P;-(}C8~:~s~ng df:;2~:/~ \JOiCf: })8CKr::t !iJSS. 

a. V(jiP S{3::~s~(!n EchL) ()nd JHtef 

Servk.:e requiren:f'nts after fvlainten<:::nce of a ;:;crnp!ete caB loq and cal! detail 

__ [1 Y9.~'p .. §es~2D .. !?' .. ~9rntJ?JE ....... ,.~9 .. iS2P.R~~l. ~_ ....... ;._ ............ " .. __ ._ ......................... , ...... ~~~ ......... ___ ... _ ........ . 



in the conv8,sat!on; the hiqher thE; echo. 1n& lower the voice quality. Vve in:(:nd to use 

a fuzzV akmdhrn 10 evaluate the echo cornoonent of voice and aise '~;e8 ho',;>! efficient ... ...... : 

and precise the algor:thrn is. 

the netv;();K quaEty. the oby:cti\/B quality, f-ln(j the subjective quabty, as illustrated by 

Fiqurel.1. 

: ": ~ ~'. : .. ~ ~'. 

/' , 
... ~----

•. "" .... .. .. />J 

.... S>. 

F {wte '1.1; Different per~3pecli\!es for vdce quaUy evaiuab::;.n in ;] Vo!P nehNOtk. 
Source: Bhatia et af" (20Cn. Oh and Kin: (2010) 

. '. .' . '. l 



quality reflect the cusrornor's persr;ective The ne!':!vor~; CluaHtv can be re1nthJ0\1 e~js!!v ~ . {-- 1 .. " ,.-, 

of .::':>;::stino non reai·time aiqnrithnr.'::. FniJllv. VolP cal1s with kn0vvn tviOS {mean v ~ / . , 

opinion score} are tested Nit!, U,e developed fuzzy algorithm and results are shov!n. 

4 



CHA.PTER 2 

2.0 LITERATURE REV~EVV 

2,1 Background 

or VC}C·8 earnmunk.'<.~ti()ns and n:Uitimedia se~?,;sions ove:" Internet Protocol OP} 

different imp!ernentatbns of Votp (i'Jnd (Aten d range (;f codses are used); sorne 

Voics over Internet Protocoi (Vo!P) is qr0win{1 raoici!v as 8 ns\v Gomrnurlic<.~tian too! '. ~ ~ ,:),.1' 

. . t t, . . . f '''''l T·· J' <- f' ') t" 1 {', :n (jus 0 J'h:': tltJ1'sry nature (J' if" trm:!c (. HJGlltm e. O!,; ,,,,j' U), 



(PaGlierani and Petri. 20(9) 
\. '.~ '." 

2,1,1 Pwblerns of Voke Trame 

'j" >, 1<.' t ' 'P"'T"" t' . i! ., '," , ' , t ,. t::iGf)nOne l',.le .'>-\forKS { <:; {"IS} .. nat COl Bct vOice fnTnC rrorn users; it IS CGnnec ,eo to a 

iO(KH,iistance network optimizcd tor data transncrt l;V rneans of the interne: Protocol '.-" t" .... 

Media GatB'vv<'Jv (h:1G). \,v(ich can convert the PSTf'..,j siqnai into he formst reQuireo (Y'y' /. . ~ . 

packet 

6 



L Echo 

ivies!. cafii::rs viHi he8f echo of their own voice if the circuit (;ont8ins as Httk~ as 30 

ii, Dela.y 

Oe1::.::/ is introduced intf) the tE':!ecOnlll1Unrcations net:..vork pnmarHy by iransrnissiun 

facilities and tr:::=msrnissicn 8Gui!)rrlcnt Ncal1cible de!av is intmduced into n:(:~ • i 0..--" ....I " 

te!f~cornrnunjC[;ltions network by scrne types of transrnission eq uiprnent suct") as a 

Depr:ndinp on the network topology, and the type 



connections that are across countrv or ',·ust acmss town(Lakanierni et af.: 20D 1l. 
.' ~ -. ',' 

Transrnisskm Facditv Dejav DtH 100 rniles 
~""""",,,,,,,,,,,,,,.r""" ___ .,,,,,,,,,~_,,,.,,_,,,,,,,,,,,-:, ............ .......,,. .......... ~ ......... _ .. _._ ............... "' .. ~~ ............................ ~ ... ,~. ~' ............... ..•. _ ................................ ~ ...... "' ........................... ..-.................................... ~_ ................... ... 

T 1 carriE3f C)V(:( CC.'!f.)~){;:r 
Fiber optic; cable 
h<1k::r()vVaV8 f~8.di() 

·1 rns 
O.7m3 ~.w~~ ...... M~_~_~~ ..... w_~ __ •••••••••••••.• ~ ___ ......... __ _ 

lost packet 'Nhich is directy. lir+::Bd to de1sy in the IF ndwor!\. Delay can be caused by 

lV, Packot Loss 

Packet Loss can occur fer a variety 0"1 n:::'8sons: .:- '; ,. ... 
1anure; ttame 

COPf.Y?6tions: and rnisrGuted trstnc. 1n an IF enviromnent, the packets arc; 

(Jiuchun ef al: 



2,,2 Voice Quality McasufBn!tH1t 

As mentioned in section 2. 'j.1, there are severa! corYlf.:sonents (io(Jical and physical) in 

, Net'Nork rek1bdity is an important component that introduces de18j' ar'ld packet \)$S 

(a) Link fa!!um: 

attributed to a link failure hi tiw; jp neti,Nork backbone (Bhati8 or ai., 2001), 



(bj Routing rccDnfiguration; 

can t;xhibit undesirable characteristics: such as brge deb;; spikes, penOiJiC delay 

p£~tterns and pach:e1 joss on one c( mero paths. AU these k::'Gd to poor VoiP 

})E~rfC)rrr:8nCe, 

2.2,2 Subjective Vorce Quamy 

cbviCH-lS lirnita1i{)ns. it is a trnG consurninq ~)rocess, ft is not an dutomateeJ method anci ~ ~ . . 

1 () 



it is inkJrestinq to note thst even llsinq ihis tirne cc,nstWninc.1 MOS methodobc.1V, rnost 
v .... '.' .... / 

experirnt::,'nts Gan only l(';c1ic8.te the speech quality- of unidirection8.1 ccnnedions as 

4 
ExceHt.-mt 

Fair 
F'C(ir 
R.:'ld 

............. ~ ......... ~ .... ·r· •••••••••••• " .......... ~.· .... ·_ .............................. ~ .. "' .................................... :......... 

22,3 Objective Voice Quaiity 

VCHCf.' qualitv algorlthnm Dver 3ubjeCtiVf~ voice 

qUamV fdGoriihrns is that objectiv8 alGorithms can be auton1<:.rled and tnay not require . / .... .. ,../ 

rnon:ioring, pass:v~2:( 

ground arnonq "jnW providers. 1n active monitoring, a nehvork analyzer injects traffic 



(1: :'~:;t'l ;->I(,;{)d!h(Yl .-'! .... ( .... d _'j U~.:j" .. d L S , 

Standards institute 



:~irnulatbn toOl. HOI.t'<!(:V8r, if,€: 

effect of delay is no1 considsu·:d ill the lA/ODEL.. 

2,3 Echo Effect 

rnodified [-fvlode! CJiuchun et at.; 20'10), they also pmposed an introduction of d 

F'8ck8l: bast:=.,(j Echo CgreeUer and others but nene has bEH?n real-time. Fiflure ?1 

-................... ~ ............. -.. -................... ~--.,-~.- ........................ -~ ................... ~~ ......... --......................... --....... ------.-~ ............... "' .. .......,.~ ... '-... --.- ................. ,..-. ....... ...... ...., ....... _ ....... . 

,.,One;:.:Y!!!'y' .. yanscc~!.~?!gL'! tirr~~~ ............. ",~."._ .. _ .......... ,,~ser ~~~~.2::~r.~.~!·!ce ~ ............ ,._. ~_~_ ........... ,,~.~ 
{} to 150rns !\ccept.:ible for rnost users 
150 to 400ms ;'\cceptabio but has impact . 



''',' ;. .. . .... ' .. . 

{ 
f"~········w- ... w ••••• w ••••••.••• - •• ,., •••••.. 

!. 
~ \ 

I 
I 
I 
I 

, . 

.-.--- .... ' ............ -.... " ............... -..... ~-..... ~ ... ~----.~' ............. , ............ ,... .. . 

." ... '. ... _. ~. 

....., ............ . 

L~.,, ___ .... ~L-~ ... ~_~_m __ •• ~ •. ~'~n .. n •. '_......,.,.., 

o .l. ()(J .. :~ (}(J 

quaUty of ti'1E: call. E;.::ho Gan be loud and it C8n be )onn Th~ louder and bnger the 

2.4 Echo Cancellor 



echo levei bctvveen the send- in Gt"1(j send··out pens and it is n:(~nsured in dB (Octastc, , '. 

vovicled bi the hybrid, H"lat is, the ath'H:w.don of the signal horn the R.Dut port t() the 

ptOvrded i)\I the nonlinear- Grccesscr i nonJinear 0tucessino toss). (Oc:tas!c, 201 mOTU· . " . \. ~~' '-".' . . , 

r··~·_ .... r __ ••••••••• w~~'--···········~·--~ .. ,. ...... ~~-s~~~·:;::f-[:~~: t 1l .-.--.-......... ~~ - .. ---··········~ ....... ----···········l 
, ,.... . i" ........ ~ .... : ............... ··~·l •. "'~. ......... . ....... ~! .... .. , 

......... ~. __ j ... ::-:'.:L ... ~ ___ " ... ; ........ ~~.j ')!:l':i::,::i .. ::; f" ~ ...... ".; '\":',:.':(::.: : " ......... :::'.':'::\".:.:,,: ............................. . 
t ......... ~ .... _r ••••••• & ........ ~ ; :., ... .; ..... : ... , .. -/ .. ;. 

t .. :;:.:.~ .~~~~_~.~ .'.),,:'.~' ", _ .... ...... ~ ;::' .. <:::(; 
. . (':iTu;';ipnl 

; ~':';'lnt:'(f .. L"~,,~:I.· 
.'.:.'" f i"·"·"·~""·"··'j,"'~i.·,.' 
:.";::~; ~ r)(;:·::.:!.{, : j.·:l~·::-.: 

:.;::L\ ... 

i .. ' " .:" ~ 

j ! ....... .r~ ........... ; 

........... l-.. ;:;:;;;~~ .. -~,,---·L .. - ... -- .......... ~-.-- ......... ~...L-- .......... ~ ... --... ........ ~-- ... -.......... -p. i-l~;-""""""~ 
. .:'(::.": ,:.~ .; ... ~ 
l_ ............ ,.,.,... ................... ,.n ......... _.'_ ............ ,. ....................................... ~ .. ~ __ ........•..... .....,... ... , __ •.......... ............ _ ................................. __ ...... .1 

Ficu:-{:0 2.2: Bk:)(:k diaGram of a nne f:.~GhD c8nC8Her 
Sourc:e: Adaptive [)i9Hai TechnOlogies. (20Hj) 



b'r' usinq Dararne'ters obtained from existinq echu canceiiers in the svst~Hr: _. ~ , 



CHAPTER THREE 

3.0 MATERl/\LS AND METHODS 

3,1 Fuzzy Logic 

Fuzzy logie: starts with an,j builds en a set of u'3er·suppiied hurnan language ;ufos. 

17 



p,obierns with Hnprecise and incomplete dsta, and it can rnode! nonUnear functions ot 

By sek:;ctin9 thE' number of fuzzy representative sets, there is a \NSY ot adjustH'lq thi:: 

solution. 

3;12 Fuzzy Logic and Embedded Systems 

An ~':;\lcrithm to evaluate the voice quality' ,n a VoiP systern (1, rlahvork should be a 

real-time aiqorithrn in C;'(i(;i' to clive O')8mtms n,c nrecise current voice quamv in their -....; .. :J t. .. 



2, it CQuid run in a networh: server. 

In the first option, there is a disadvantage that c!1:hedded systems newnaHy have 

some reason (lhrahirn: 2004 j. 

en'lbscided systen1s in the netvl(irh; to senei inforrnati(H1 about each of their cads to this 

the net"vQrk !i: order to send it to the server. 



3,2 Objoctive EValuation of the Voice QuaHty 

perspec:tivE)S for voice qu,-:;Hty evaluation in a \/oiP netvvork in Secton 2.2. !n this vvork 

in this secton \/''/f"; dev!;jop an dgorithnlic too! for evaluating the echo content of a 

voiCE-: frank:. VVe used the obiE';ctl\:8 evaluation technique fGrthf~ foUowinq rt":;(.lsons: 
' , ~ 

autornateci sinCe it cioes n~:)t rGquire hurnan intervention or feedback. If ;A!ei! 

consic.li.-=:ration the use:"s percept:on of th::: can and not only parameters that 

rnetrics, and (iii) Ed8rnentary rnetric5 

20 



l. Par8rneter~based rnE;trk::s de not consider the actual vojC(~ signal. !nstG8d, 

qt.!fwty but arvJ 

d. 

qu;:;.!ity n1etrics rely on low-cumolo/tv siqnai < , v 

processing parameters and techniquer, to predict subje~ctive VdCB quality. 

Elomentary rnetrics goneraliy have smaHer correlations with subjective "inlee 



/" jV e"tt.vo/'k~ i2 u.ttlit)) 
IS'nbiec:;fv(' j.J oice QW<.Uty 

~/olc~? (}U(Lttt·V l 
v • I Ohjective Voice Ctua!it/ .. ~ , 

1.. 

f ;" m CD ~e: ':;~=::~:,e;" ~:~:~ ;,tC);';::;') 
(Fie?nent.:ary rrwtrir.:s (Pruposed AIethorf) 

ar:d ;f>houfd serve 8S a building block lor Em cbjecthf8, psssi'·/e, voice qpanty aigodthrn 

iF networks are: packet Lns, defav, echo and .lifter. These issues arealt correlated, 

svstf~n'iS is nmma!!v conmensated for bv USl(1(l a Dlavnut buffer at lhe ieceivmq enc1. 
• ... ~ - .> .. 'j ~ ... ..... 

\Nhich introduces delay and additional packet loss. SO ."VE.> can imagine -8 fuzZ'i 

inferGnce system that evaiuates the voice qualily in a \/oIP nehvork dfjscribed b/ 



................ . '~ ~. _ ........ '.~. ' ............. ~- ............. ~ " .... . 

E ::;:-:rnaf~::.(i \/()ic:e 
qi.?;::·;:ty ;~l.nd ~ ! ............. ~.,., ......... t..-. 

it:pU:: 
~) ,~: r.:-~ rn :.:' ~:?: rs 

r·4~'?!tV.;i);·: ().~)~~~;~ty 

fu;.::;.:·. y ;r:h~rf?-r:G?:: 

.~;. Obtain the echo quaEti cornpcnent of an objective' VUice quality a!gorithrn 

based on e18rnentarv rnetrics to estimate~ the vnice ouaiihl in a VolP 5\<'s181'n ... }~. ~ 

" . ..... Th·; a!omithr"tl rnu~;t be able to run for live Ved? calls '>Nithout the need of a 

reference 
v(}iCE-; 



3.3 Fuzzy input and Output Membership Function for the Echo 
Component of the Voke QuaHty 

In order to obtain a real-time, 10l;v computationally complex algorithm V./& chose to use 

as inputs to our fuzzy inference system parameters that are 8!reacJy bHing computed 

and the Combined L.oss(/\COfA'! (Section 2.4). sDe(~ch !)ower estimatiN1s and noise '. " • " ,~ f' 

power estirnations, 

\lVe should note that although the fuzzy /q)!C impiementaHon msults in low 

computational complexity it has the disadvantage of not being precise, As we SAid 

before, it refiects appmximate human reasoning and it \,-vill never be as good as the 

subjective MOS and it won't be as PP::c1se as the PSQM or PESO, 

Different echo canceBers may estimate a different set of parameters and in this case 

'lNe need extra computations to E;stimate the required parameters for the a!gorithrn 

iiL Heceiv8 speech power - an estirnate of the speech pO'Ner in the reCf:~ive pAth 

!'., ' .... , 
Receive noise pmt"tet ~ an estii"nat& of the noise fn the receive path (Figuw 2.2) 

<, 
\I. 

{Fkwl'e 2.2} after the echo cancelbtion '. "IJ' , 
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',II. Transmit noise pO\~ler ~ an f:8timnt0 of the noise in the send patil (Figure 22) 

-·· ....... ~ ..... n ............................. ~ ..... ~.' •.•••••.• _.,--. ••.• ~ ......... ~ ....... ~~~ ••• ~~ .. ~~ ....... ~" .. ~ •••.• ____ ...... ....-~."-........... _~ ....... _~ ......... -_ ••• N' .. ~.,....~ ... ~y;;.o..~ ........... ... 

Good EPL HepresBnis v8!ues of U\L tha; ';,vi1l help the eellO eance!k:f to 
realize a good f.~cho caficsHation. 

Bad receive 
.. \02f.:..'C/? 
Povi/er 

Bad transmit nolsf; 
Po-rver 

ty1cc/f:;rate 1~.C()ll4 

Good ACOM 

The feceiW3 SP20Ch powers in this set are either to Invv or to high, 
making it difficult for the echo cfH1ceiier to generate the signal 
ttmt must b:: subtracted in th~: send path, 

Hepresf'mts v8!ues A the transrnit noise that rnay disrupt the 
convergence of the adaptive tdteL 

iNiih high probabiHty. VoiP systems with ACOr'A vabElS in this set 
wi!! have echo probierns and the v(;i>,:-e qU8/ity l,viB be bad, 

Represents values of ACOM that rnay indicate that the (~cho 
cano::i!atlon v .. m.s not acod enouoh and some echo rnsv be leaked v v _ 

to the far i;Y1d, 

Vo!P systems with ACOM values in 01i3 sat :are able to cemcB! 
most of the echo in thf) calLs. 

VVe define the fcHowing thn~)e output !T'lerY'd:xnship functions lNh,ich wi!! give an estimate 

of the echo component of the vOlce quant:/-

8. The member-,ship function for the fuay ~:;e( "bad eeho (bey 

b. The mernbership function for the fuzzy set ::nmderate ('leho (me)" 
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(.3.2) 

c.llie rnernbership function for the fuzzy set "good echo {per 

(3.3) 

Graphically we have 

Figum 33: Output membership function for EcilO 

The approach we used is to define the input membership functions based on ernpirica! 

rea80nfng and then '-Ne spent some time tuninG those mErnbefship functions. But the 

tuning is (Jone after the fuzzy inference system is designed because we need to use 

the output of the algorithm as a fe(xlb8.ck for tuning. \/Ve ~~.riH descnbe ihe bput 

membershin functions iater In this. sNAion First we 'vvdl d£6cribe our Dfoposeci fuzzv 
.. I < OJ' 

1nfmence systern \Nith the cornpiBte fH:;t of hJ?2Y rules, operations, and deflJzzifk~atlorL 



The fuzzy rules together v,;ith the fuzzy tnembership functions are the maiD elements 

Hmt reflect the ern1f)irica! reasoninq behind th:; nrol()osed fuzzy inference svstenL Table 
.~. . .J ~ 

32 describes the fUZlY ruies that '"ve <1dopWCi for our proposed a!gorithrn and the 

ernplricai reasoning behind each rule 

Tnble 3,2.: Fuzzy rules to evaluate the echo compone:·lt of the voice quality 

• .........,. ..... "'-.•••• ~~...., ........... ~ ....... ~ •• ~....,........ ..... ~~ ••. ~ .. .;o.-.. ..... _ ••• ~;;.o~ ........ ~ ..... ___ ....... _ ................ ___ ~ ...... _ •••• _ ...... ~ .. _ •••••••• ~ ............................. " .... ~ ....... _ .... .....,.~ •••• : ................ ~. 

IF !\COfv1 is bad THEN The ACOr\,,1 is a major parameter for estirnating the quality 
echo is barl of the echo signal (Section 2.4). If the !\GO~A is bad, rnost 

probably the user is pen:>'}iving echo. 

iF ,2.,COt¥1 IS oloderate 
AND ERL is good THEN 
echo is rnoderate. 

!F receive speech pmvor 
is bad AND transmit 
noise is bad THEN echo 
is bad 

VVith a good ACOM, 8OfYl0 echo is being cancei!ed 
successfuHy, independentiy of the other paramet&n;';, 

If ACOM is moderato, fhf;fe is some uncertainty about the 
quality of the echo signaL So vve use the EHL to better 
estimate it. 

Thf~ signal levels for transmit and receive Sf)eech as ',,'/eH 
at'> for transrnlt noise are all contributing to a bad echo 
slgnaL 

The fuzzy irnpHcation operator that we chose for our proposed algorithm is Larsen 

OPf~r3tOL Tile defuzzification method that vve chose is L,o center of mass (centroid) 

method {Ross, 2D04}. 

An ;;1dvantag& of using fuzzy 10gk:; Is that Vie Gan first define the fuzzy input variables 

and elaborate the fuzzy rules and then we can tum: ttl<:: mernbership functlons by 

running trw algorithm for calis for v,/hich INe know the MOS, That is exactly vJoafwe 

dld in oraer to define the following rnembemhlp functions for each one of the fuzzy 

inference input variab!efi,. 



VVe used MaHab and its fuzzy bgle toolbcx to implement our prop0sed aigori~hm dnd 

ran a set of 16 calls, VVe implernented it in a <#81' that WB 'woUic~ fJlvo to Mat!ab 2008a 

diffen:;nt fuzzy ;nff~rBnce f;;ystems at &1 tirne. The difference betwf.~en the fuzzy systerns 

variables, fuzzy operations, and fuzzy rules, but different membBfshlo functions for the 

systems ViE; could compare UK; result of thf.~ fuzz.y aigorith,n t.c the expected MOS 

scores {after the echo cance!iatiGn). 

We chose to use [) different fuzzy inference systems In each tuning step because 

there are so many parameters that can be changed in a inemb1:m3hip function thJt one 

easily gets lost if one tries to change sevora! parameters at once, So, for instance, if 

;/ie are tuning a SPISCWC triangular rnembefshlp function that has a positive and a 

negative slope 'i.;e would first tune thB positive slope of the triangle and try It 'Nith say 3 

to 5 different positive slopes 

As a result of the tuning process described ;;;bov8 <,N6 cierived the following 

mernbersh~p functions for the fuz'?y sets described in Table 3,1. 

3.:l1 Echo Return Loss (ERL) 

The mE~mbershlp function for the fuzzy set "good ERL (ged)" 

(3A) 
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Graphically 

.a ~ /"V')' r i'J\,~ 
i 

t 

..... --

i ! 
'--~T'~' ""'---···""7------......,-""·.....,-_···_--, ... _· _ ....... "' .. --..,. 

i #' 

o I ~ 
+"m .. _.:~ .. L. ......• __ .. _ ............... "'".~ ......... _ ....... "~L.'" .................... ~~ ... , .................. ~ .... , .. ······.· .. ····· ...... '"~~ .. ·······.·.···w· 

1.5 .18 20 25 x Cd}}) 

Figun::~ 3-4: ERL fuzzy membership function 

:Lt2 Comb!rwd Loss (ACOM) 

The msrnbership function br the fuzzy SE,t "bad (.,COM (bacom)" . . 

The rnernbership function for the fuzzy set "rnoderatBACOM {macorn)" 

, The rnembership function for the fuzzy set "good ACOfvi (gacom)" 

'3 <2'\ (....,.u, 

(3.7) 



GraphicaHy 

23 36 
---····~·-······.· •••• "'''-..... "'A __ .. _ ...••• m~~ ....... "'~. 

40 x, (dB) 
Figure 3.5; ACOM fuzzy membership fUnction 

3,3,3 Receive Speech Power 

The membership function for the fuzzy set "bad r~2ceive speech pO'/';eI (brspr 

, " 

,Uh~~'ip t::.() 
(3.8) 

GraphicaBy 

Figure ;3,6: RecE'i"ie speech fuzzy rw;:mbership function 
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3.3.4 Transmit Noise Power 

The membership function for the fuzzy set "bad transmit noise power (binpr 

GraphlcaHy 

t p(x) 

................ n ..... jl ;~"'~-~~ ...... ~_ .............. ~.... ~ ... ~- ............. ~~.(' ... ~~...c,.-«.~.,...~~~ 
."" ., 

! ~ . .,.~~y 
i «4'*~ 

~ I •• ~ 
"'f~_.l:L.L. ... ~_~""' ........... _~.~ .............. ~_ .. ~ ... -....!..~ .•. _ ........ __ ~ .... __ .. - ....... .w'-' .......... '_ .... ~ ......... .w~._~.w""" 

Figure 3.7: Tmns:nit noise fuzzy membershfp function 

3,3.5 Cornputatlonaf Example 

(3.9) 

Now '-!':Ie 811mv an example of a fuzzy ruie computation carri0(j out by the fUlZy 

inference system proposed above. SUPf.)Ose '.ve have the following set of inputs {raw 

data) 

ERL. ~ 23 d8 
ACOfvl = 2BclG 

• Receiv~; speech power:::; ~27d8m 
Transmit noise power = -SOdBm 

Suppose '>Ne want to compute the fuzzy rule "IF /,\COA4 is moderate AfVD EeL is gOOd 

The fuzzy set moderate ACO~A is describE~d with the fnembEHshlp function fir:w.cmn(x) 



The fuzzy set good ERL is describfKl withtDe mBrnbemhip function fJ.{{>.vd(X) 

p,'o,A23) = .'.}.,.. { .. 

The fdZZY implication operator (AND / ir1tersection) that vve are uslnO is the Larsen 
operator, according v> 'r, Ross {20(4) the output of this rule is given by: 

l ~ ( ..... ; .. ~. .... . ... ',.. ";' (y -'l ~; / .... ~) ;. r· \, -.. r ,"" ~', I' i I .'" {: ::~: l~ I \/v} ""' .. ld LJ {jf:. .... ~ ... /;. ,u 2 \.:,). /l ~H ~ .~ fj t-t ~ ... :( / ) .f t)! ~.L", . . t .. : ~. ~ 

.. vhere N is the number of fuzzy sets, ~}i indicates redi nwnbers and PH (x) arE' the 
rnembership functions 

TtK< mernbership function for the fuzzy set "moderah} echo (me)" 

" -l . ~ ~. - ' 
fl 2x, u S x, ::~, '/ ,~, 

• I ~ 

~( ,.~, •.• , .......... ~' ,- ' \ .,~ I 

,-{~. " < A, ) .... • If 1 .... ~.'" >, ( <:/ '''' <' 'I 
- ".,<,'" (MI'X "'h /2 ~"'--::' 

\. 0 .. oth:T;vlse 
(3,12) 

Figure 3.8 lS f-1 gr;J.phii.::a! representation of the C()I-nputation described f-lbove. Thts 

helps in tuning the membership functions, 
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y Figure 3,8; Graphical interpretation of the fuzzy rule 

Once aU the ruk'~s described in Tabie 3.2 are computed as shown above, the output 

membership functions ('consequences' of the fuz.zy rules ~ \Nhlch is jJ{x) h the 

example above) me then aggregAted and the output of the fuzzy inference system is 

computed uSing the c~?nter of rnass defuzzificatlon method, 

TtH:: idea Is to run such computation periodicslly throughout a VolP call,geWng 

Instantaneous values of the quality of the echo signal 1n such calis. This vvas done in 

our simulatkms and the next chapter sho'h's the O!.Jtput of the fuzzy algo(ithm for a cali 

'l1lth a relatively bad echo signal, Figure 3,9 shovvs the flowchart for this fuzzy 

algorithm 
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1 
! 

Figure 3,9: Flow chat for the Fuzzy .Algorithm 
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CHAPTER FOUR 

4)) RESULTS 

4.1 Bhtu.dation Results 

VVe ran the pH..)posed a!gorithrn for 16 calls with different levels of voice quamy, These 

caBs ljJ0~"C< an previouslv Generated dwlnq a live Vol? cal! and fecofTied in PCfvi . 7 ~ v 

format VVe split the caHs int:) tvvo 9fOUpS. The first group coritains B caHs IN'here echo 

\.vas eff0ctb/e!y canceHed or no echo I.NElS created in that cai!. The second group 

contains c::dis with various levels of echo signals and background noise. Then, we ran 

then coBected the measurements from this eCt10 canceller, analyzed these 

measure1TlEHlts and finally used them as inputs to our fuzzy algorithm. 

As described in the prev;ous seeton, the collected rneasurements from the echr) 

canceller were tile EHL, ACOM, transmit speech power. receive speech pov,/er, 

transmit noise pm~,fer and receive noise pm,ver as show'!) in Tabie 4.1 

measurements pro\lided by the echo canceller. As Vias described, the proposf~d 

algorithm giVf:S an instantaneous estirnation of the echo 81gna! for the call. During our 

simulations we chose to compute this estimation eVery twc ~econds. The approach 

" that VVB c,:>nsidered lNas to provide an average" of the outputs of the fuzzy inferenc.e 

system thn)ugil0ut the calL Figure 4.1 shows a call with the duration of about 60 

seconds. 
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Table 4.1: ;,\veragB readin~J for 1 () \/01 P ca!is 

CaB ERL AC 0 tv'! ReGive Speech T ransniit. Noise Fuzzy CaB 
Numher (db) (db) pmver (dBfv1j pO',f<!er( d 8 t,,A) Output Quality 

~~~ ••• ·n.,. ............... ~_._. _ ............................ ~ •• ~ ...................... ~~~ ___ ~ ............ rrro-.,. .•.• 

'1 20,(}O 2'1,80 -46,50 ··1 'I .60 0.441 Bad 
2 20.:3C~ 22,30 ·A5,50 ~ 1 tfJ'1 0383 Bad 
3 20.39 22.33 --50.24 ~·15;55 0.4'12 Baci 
4 20.39 22,34 --49,34 ··13~67 0.413 Sad 
5 20.41 2·2~37 4950 ~13,10 0."123 Bad 
6 20.96 21.19 A7.70 ··14,14 0.402 Sad 
7 24,38 28,55 -46,06 ,,18.55 0,562 Bad 
8 2'1.98 2152 I: "J: c:: /) .... "1".;; ~ ;",J..) ~13.20 OA70 Bad 
() 25.9(j 34.90 4750 -1SJO 0.780 Good v 

10 27,33 35-47 AS.iS .. '19.41 0.8'10 Good 

11 2"---' ?~:; 
( ~~.;; 35.34 -45.61 ·-·~8.52 0.803 Good 

12 26.8C} 35,09 -48,64 -18.67 ().79() Good 
1 ,'?-,; 27.90 35,07 ,,48.75 ,,·20.55 0.820 Good 

'14 2r.-,. '~"'7'. 
j ,Q! 35.43 A8.60 ·20.86 0.808 Good 

15 27.38 :15.28 A934 .. ··19.14 0.800 Cocd 
16 26.92 35.1'1 ~49.19 ····17.89 0.791 Ck;:od 

~.~~~"'~"'''' .. '''''' .. -...~.''''''''''''''''''-" 

-r--~-'--""--''''''-:'''''''''''''''''''''''''''''''''''--~' 

0.3 

(J .. --;;.~ 

~~, _._ .. __ .. __ ... _.,,~., ... L ........................... ~, ..... ~ 

·~~D ::::;rJ fir} 

Figure 4.1: C:all quality estirnation for a ;:;!mubted CBB 



Figure 4.1 is a call 'Nith duration of about one minute, 'VVe computed the quality of the 

echo signa! every hvo seconds. The higher the number for the estirnatkm of echo 

quaHty, the better, it is as described by the membership functions of Figure 3.4 

-=: .:.. 

0.9 

0.8 
,~ 0.7 ~ 
::::! 

0/; Cf 

a 0.5 
'!.I OA ~ w 
'-
<I.' I) ., 

~ 
~ .:} 

Dj 

0.1 

0 

............. _ ... 'I~ .. ~ 

...... 
·.·.·.·.· ... ·.·.·.1,··· 

. .......... . ............... t .. 

1 3 6: J 

F igure 4.2~ Average quality few caBs v~ith reduced echo component 

{) (~ 

OJ"; ,., 
.'iZ 0.7 ~ 

d 0.6 

3 05 
.u 0.4 w 
w :,.,. 
w 0.3 ,. 
<'4 

D,}: 

0.1 

0 

1 2 4 7 

Figure 43~ Average quality for calls with increased echo component 
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Figure 4.4: Comparing the estimated cali quahty with the estimated ACOfvl 

Figure 45 MatNab surface vie"l for Echo Content, EEL and ACOM 
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Figure 4,6 Mathlab Rule view for the Fuzzy A!gorithrn 
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CHAPTi:ER F~VE 

SA) DISCUSSION~ CONCLUSIONS AND RECOMMENDATfONS 

5,1 Discussion of Resuas 

estimating the echo cornponent for these caHs. 

, Figure 4,3 shO'.vs that echo vias not effectively canceHed or then.: V,/<:JS scme high 

noise or high difference !evel between the rece;',,'e path s;gnal and the s~~nd path 

signal, Vie Sf:~e from this figure that the aigorithm was able to declare severa] calls as 

having bad echo quality. However, SOme cans (like call number!) obtained a much 

higher scr;)r6 than they really desented. 

U~dng the approach (jescribed above (finding the average of ,::l compieted call), we 

lose the detailed informaUon about the calL For lnstano:;, if v~e g{-)i an average 3;:;ore 

for the voice quality in a given caB we do not knovv if the ca!! had 8 good quality for 

approxirnate!y harf of the time and f'l. i)ad quaHty in the rernainlng time or if the (;311 

qW.1!ity vias averaGe dudng the whole calL This can be resolved by increasing the 

frequencv r.;f result sam Dies taken for each GaiL ,. . 

We conclude tronl thBS(,; simulations that our proposed algorithm to 8'la:uate the echo 

component of the volee qua!jty In a VolP call gave very good resuits for caBs that had 

!itt1e or no echo, That IS, the proposed algorithrn was able to estimate 'Nith gOOd 
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accuracy that th0 final voice quaHtywtJs not affected by eCilO in those caH~, 

(FigUf84,?}. \i\j0 stlOuld note U1at due to our choices of defuzzific8tion rnethod and the 

output membership functions, even for calls with perfect quality t!:~:: output wouldn't b0 

'LO, So the outr:<ut shown in FiQure 4,2 rea!!v reffects verv 1'ood voice quaHt,,' as we r-~~ '.~ .,/ " d ) 

expected. 

On he other hand, for calls INhere the voice quality v,.;as not so good due either to 

S{Jrne hl9h background nOise, transmittrE'celve speech Signal !w,/e! disparity or 

the algorithm 1/V3S able to point out caas v,fith voice quality problem but vve still think 

that Bom!:; calls got hiqher scores than expected considering our subjective analysis of 

the ca~L 

5.2 Condusions 

In this work, '.'Ie have been able to deve!CJp un algorithrn that estimates E~C!:O content 

of a \/olP cal! In real-time, This algorithm is a buildin~J block (Figun:~ ~?:<.2) of an 

objective. passh/e, vo1ce quality algorithm that can run in reaHirne and estimates the 

voice qualit'y' fOf live calis in a VolP system or net'Atork. The use of fuzzy logiC was 

rnotivated by its abmty to give reasonably good result 'tJith Ioli'.' computational 

complexity; it is ca!kHJ soft computing method . 

• The proposed algofithm can run and give results in real~tme !n the embedded system 

the Qu;.::i!itv nf their network 'with fesoect to echo. Another advantaGe of the prooosed . / . ., ~.) 



algorithm is that unlikf~ otnE!!" po;dar rnethods, it dt)f~s not require <:.~ reference signaL 

and this attribute m&kes it more suitable for real life calfs, 

On th<:: other ha:-1(i, the afgorithm carries 3. tradeoff o(';tw0en precision and cornp!exity, 

The roain disadvantane or the proposf:(j algofithmis that it is not as precise in its 
- -

estimates as the PESO, iviOS or the E--mmie! mf2thods, Further vJOrk is needed to 

5.3 Recomrnendations-

" !n this section ';Ne discuss hvo main dln~ctions of future developrnents related to the 

a!gorithrn proposed in this 'Node 

L The accuracy of the proposed a!gorin:rn f>.;u!d bf) improved. 

n. The proposed algorithm Gou!d be modifi!::d such that it can be used in 

different scenarios. 

One po,sslbie \vay of improving the accuracy of a fuzzy inference system is to add 

mom input tuzzy var'r3bles and more fuzzy (dies by induding other information !ike 

packet loss, dejay and jitter. it '{,louid giVe a more precise estimate of the voice quamy 

than toking on[y the echo component into consideration. Also, we snou!ci consider Uw 

possibilities of including fuzzy rules thai incorporate knowledge of other speech 

parameters that can be affected by the !P nehvork such <:'-'lS speech clarity and 

RegardinG different scenarios, there are fevv dir<.~;ctj()ns that can b(~ foikrNed in order to 

incn)use the range of scenarios that can take adVAntage of a similm algorlthtrL For 

instance, t11<:: main results of this work were developed for Hne ~lcho present in a VolP 
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operators to have a similar a!porHhn', tf.) evailwtb tho quality of an acoustic echo 

signaL 

l\nother interesUnp direction is to adapt the a!gorithrn for 802.11 or \fVi·Fi networks, 

which are also betorning very popular. It seems that the chief (;haHenge to it is that 

relative to '>tAred !P netvvorks, packets are dropped at :an exr;,efi,sive mh'; ~ in gem?-m! 

that the conversation is uninteBigible and this rnu:-:;;. be taken into consideration iNhen 

adapting our proposeci aigorithrn to ihn iJ\iireit%s VolP environrnent. 
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f ~~y('t~:),·,;l. t ..... ~ ~~ """S""J 

Narre::::-'ecno cornpoent' 
TYPB::::::'mamdanl' 
Ve(sion::::::2J) 
Numlr:pllts:z4 
f\jurn()utf~utS::: ~1 

NurnRules::::::4 
AndMeUlod::;:;:'rn!n' 
OrtAethod::;:'max' 
Irnpfv1ethodd prod' 
AgpM,::thod:z:'max' 
Oefuzztviethod::::::'centroid' 

[lnpul1] 
Narne:z:'ERL. ' 
f<"'.VH;,;;;:.rr; <l('11 
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Dnpllt;3j 
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