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CHAPTER THREE
MATERIALS AND METHODS

HE

a

3.1 Fuzzy Log

3

a

26 rile

hes

.

1

oyt

e
pg

iig

e

LR

W

2

b

iy

ISR

o
L

utar, an

i

-
§
R

2 0
3
H

S

$he

4
H

5.

n

i

014y

b
7

ahimn, 2

£ 34 s
{ityey

iy the real workd

on

Y/E

o

Ve
bocd

$loit

Y2
v

b by
IS

hel)
SRS
¥

fiiz

ot of

7]

G 5
~

j

Is et s T
3pe

dar 10

..

G0

,
[
H

AEEY

’
s

rate-cot-chan

abo el
2=

{

H

sigrat

218

v OEITOP &

Pt = ot
NS

il

ery rEsno

by

)

'._.;\

ool unless

#

sathy not orit

‘ \:‘«

145

%

Larue s
TS G

athirats

Y

i’

)4

e,

H

e

22X

i

§

tham,

S SERILELE

7 It
sty

ikl o

g

dback sensor whoss

iy
boct

i from th

HETHTIAN

7

-
“

IS
[oedd

g,

{’.

ubtra

i
b

data

-
PO

P

4
e

0

£ ral

i {

op

¥

or

-

e

¢

3

best

ey 2

b
Bt

et
sriagd 10

P
R

£

3
iR

rge

Hes

H
:

I3

ot

)

0

ating iy ordar
s

Ty

.
4

i

L]

i

Y
R

o fi

E el
(G
i

SHtv

i

H

Iy
i

-

=Ye
ey (B

PR

3
;
§

e
sak

W
£

[R%4Y,

"t

BN

bon




o~
e
x
Ferel
e
-
o

o
et
Mm o
¥ = & o o
e 3= ko w N bl
(6] 1353 —— h Y & N &
o3 = s e a3
v 3 . £ oot
& e > m & o -
] T © =5 o X L
o [t -
Rey B % & it 3 = e
T -~ a4z s 3 b Lo
Rewt et & L3 - fooerd
e e o = @ £ Py &
& = & = a3 " =
Ny o 5 i ” had
L B £ S p I g O
3 oy . N S\ pees LA by 3
& bEy) o ey R A =0
I 4 e 2 @ . 5 &
= b & = S & 9
m w .wi.m ey o3 N e
- ; % A . peed
o & S oo £ o
i X S, .ie 5y ~ i3
pea o B 3 o~ P
% " i el - .
. e o o ey P présl
3 i3 - 5 3 &
. Wi Y T . & Py et
= e ~ Y [eR ™ 25 .
i o byl - o3 S, w24
o i as gy £ oy b ) 92
7 - ik vl - . ~% & ’ e
. % = i = W = w £ 3
ﬂ,} Mu, w hed PRt .w.fw L3 ol
R fy . B : S - = o =
8 500 e & = wm = 5 =
S e a5 «n.ur/ % m e et & - e
{3 P G 3 . e, o b =
S & T O 0 L =y & & © i
-t Lo - ] a3 o . o 1 . B o iy
: - s o bt . e . i
o 90 po o~ o o o oy NNW 4 W.H rzw
B s 3 Nk Q B - s £ &5 0 A W
o ey .%A P wisn ot o e o] o freee; R ]
X v~ o 0 fhoed £
e & & pen oo Sim i o o oﬁwuﬂ e S
(. w SN £ @ = wo O P 5@
fees -~ ) M & o] o i
by ) o «um { Gy i o \Mm el o
b s 4 [Feut N < - L & el .
v VA 45 g3 had o po &y
el g s N, pud T ; P Ty &
4 o5 L3 - a3 Bl ») o] Biced Y
oo, = o L4 M b el £ o L
h L i - © e
. =2 L @ o = w & T =
. - @ 5 o e 2 @ =
e, o £ 2 & B o = O 2 4 &5
>, . s, Pl g G . Aas .
% & o & @ wy b3 I = - 0
T o = Sy . = & 3% o ey
o o & o F} <2 K6 i 2 &
y e o £ i oy &~ e hssedd fa
b 3 & 3 = i@} & et & 20
o 2. ® - o & = =
fy W o o & LLi D a8 e o
& e ooy e ey o o S
bRy Ehad j poees s ¥/ ES) >
b o " N < e oo
; 2 : e d ; g
A..),m, S .. 5 e ~ as if —— o~ o
W o & = © pd oo - o & 2 23
o~ £ X o= 2 ¥ooK =3 ok - -
i n o5 s > b = += s > o
o o A & & L 4 A o - o]
PN z &% b od e X i LW
. L S o - U ™y b jaed ~
a3 N 2N L4 &5 s w.ah
= g = TN
o B e
<3 = s o
: 3 oF




-

ity drops. Thare sre

etk and # chance 10 react as 8t as possinls when

two distinet oplions of where such algarithr could rum

:

the smbedded SYE

.«vv-

1ok eouldrun

2.8 could run in g nedwork server

5 a disadvantage that emhedded 3

which is used for high priorily tasks like call control, 3 ;.ﬁ

s
i

+ byany
G5 B DaVe &

SO

ornpression and acho cancedation B

d sysiems ara wirk clsse 1o thelr procasesing capacity,

£ITBEG

T Can

dded sys

% that gach emyi

advantags of this ap

the algontiyn and Iy 1o mp

ramnis ‘:)C ey b may sven e offine for

O the other hand, option two seams o rwlieve the embeddad sysle

[t

varameant, once the algoithm e running in 8

This approach has a tremendous disadvantage of reguiring all the

ams i the nebyors 1o send

cantrabzad server {which could be one o more saners),

73 g [T} i—’s P

L deai s

;’(“("f\"‘h o

reguired information angd gocess

e network s order 1o send i io the server,




ot
SRS

wr f

H

i

IR
fooiigi

e |

a1
=

e

31

24l
b2
o]

5

3

o g

s o
Pl
Dok

2
ST er
vv{:

st

o o Ty 5 b {
SLTIVE YO

or feadback,
3.}'5_..

3%

oisit

y
5,

HCila

28]

HYIate

L

s

o

st




I oy gt e by Ao e o el . NP NI Y s o o R o 7% w00 rane o o
Paramelsr-based metics do not coneider the aclual voice signal. Instead,

grnipairment  factors thast chamcterize the  indbadus!

componants of the communicgtion system. For instanca, in the E.model the

a Vol systam ars rans r’za:j o bnpsirment facton,

. . o 3 s Bo e Somd e am PV S eve v
Parametardhzsed motrics such as e Fanodel hold nmomiee fog

p w4

sublective  woice  qually  but shili

g NE 4N L
varifications

ovar g wide range of voioe signal disiortions. One example of

Hlementary obledive voice quailly melios rely on o

7

processing paramsaters and teo o predict

("‘)
L
o
kit
~°
LY
povs
by
i
(43

S g ; iy e, [ o e o e 4 o s b AN
Hlemeniary melnos genarally have smalier correlations with subjective voice

k4 o W E:

custic melrics and do not provide the

percaption modeling nes cho-acoustio coder algorthm developmant,

Howeaver, slementary melrcs represent a good sngmeaering wadeoffl o

DiAR S
s

>

corpyriunicalion and n s and developers in thal they

e qgualty while having low

sarious aspact of yvoloe gualily

y

<




s N o~
o Py by e i8] o
0 % = ;

e o o A %

. o % mww et ¥4 N
ot .,.n“»; ..WU «M«» mm.m i3
& T D T -
L ” - 3 & 3
] 3 & pa w3

- Fens

9
£
3
-]

13

ine gu
.
o
:
e
’

o
H
{
f
§

5.

A
4
et
LA
i
"
£

o

I
SEhA
=

@© ) o frid % o
= B = %03
; . : < S .
& I & i = >
i > i3 - ey o -
£ B os 2oz W
& - b
e - -
o et b N
& - o P 0
& - . iy 0]
= < fend v v 3
2 R - FAR 4
M..w. W :.MH‘ LA foees)
G I e - ®
o = - = jod
) R e B B S '
) woooE W S
~ i & i, & Pl
x5 m.u ol - o ....M. a &
) 3y > > 5 o &
& R oo Bon ow g
5 o= = i = o = -
.ﬂwm o 3 [ L &
=3 o by L 2 &
ot 3 @ w5 &
i )....‘. ey hooed oqmar
. & 2 3 TE
3 :
S - _y £ 0%
P Fany N _”Aum :
= e o N v
- = & S
o & o A
hd & w7 < L
S 7 Y =
3 R L m. e
] fas £ 1) ]
033 ol : =
m«m n(\!.v Eondl fv SQ..M
& i fhecd T,
S N ES
by =% & ¢ :
@ = & £ B
,J.UN.,M T ™) oy M,m
3 i oy <
2 & pe &
.. 3 & “ B
- 2 & o
- = £ 2
® wu i ,mw S ES)
= Q2 o 3 @
= E Y G
&2 "y b jaod
i . & o 2
i 253 I
.




ohd uniity

SIALTaTE o

2

o

‘
W

B

i
2
Lo
Lo
M..“p
Lo
bl

£

KIplgiciaty

QO

3

gL

7
k%

?

RN TalET

G

b2
'8

ary m

'y
i

e

i

L

H

@ Qo

)

fond

hiav

(S

>

& evary S

f ure
3

i

i

51

i in

SN
G

o n

P

Lt

iFiiy

[

P
1 .a
LIRS RSN

o
~F

rial

Lot



33 Fuzzy Input and Cutput Membership Function for the Echo
Component of the Voice Cuality

' oorder io obisin 2 rsattime, low comp putationally corrplex eﬁawi“zm we thase 10 use
as inpuls 1o our fue tzy inference system patarneters that are alieady being computad
or eslirmated by the soho canceller, such as estimates for the Eohe retumn nLosslBERL)
anid the Combinad Loss{ACOM) (Seciion 2.4 1 spesch powsr sshimations and noise

powstr astimatinns,

We should note that atthough  the fuzzy logic implsmentation resufts in low
comptationsd complexity 1t has the disadvaniage of not bel g preciss, A% we aaid
before, i reflenis apptoximate human ressoning and # will never he as good as the

subjacthve MOS an \5 Hwon't be as precise as the PSOM or PESG.

Differend echo cancellers ¢ may sstimate  different set of parameters and in thiz case
We need extra compulations o estimale the required paramaters for the algorithm
proposed here. The mpul parameters that we will use are:

Lo Eoho return loag (EFLY - Saction 2.4

B Dombined inss IADCM) - Section 2.4

B, Faceive spench power - an estimate of the speech powsr in the receive path

{Figure 2.9

. Recsive npige power - an estimate of the noise in the recelve o sath (Figure 2.2

v Transmit speech pawer - an estimale of the spench powsr in the send sath

Figure 2.2) after the seho cancaiiation

24



vi. Tranamit noise pawer - an esltimate of the noise in the sand path

Tabie 3.1 shows the fus L2 SIS assonointed with Hie

emzu: paramelars propse

{Figure 2.2

Table 3.4 Fy 5 assoaisted W the Input parameters
Fuzzy Sed Dessription )
Good FRY, Represenis valuss w2 will help the scho canceiier fo

Bad receive The receive speect 1t powers

resiize a gond scho t,:;m‘f*m’sx o

t i st are sither ¢

spesch making i g Hicul A4t for the oo cameézm e ganerat
Fower hat must be sublradted in the send path,

Bad transmit noize Hepresents values of the mm it noise th

Fovwar tonvergance of the adaptive tilter,
Bag ACOM YWiLh high probability, voip systems with A

will have sche problems

Mothgrats ACOM Hepresents values of ACOM that may indicate that
cancailziion was not good ENOUG

M

Good ACON Vol systams with ADOM values in this sot gre ghis to sancel

Y
most of the echo in the calls,

28 ymay disrupd the

i and soms acho f‘!»\, i:se ferg

fOr i bigh,
?’w Signal

AGOM values in this sat
anud the voize quality will be bag,

oy

We define the foliowing thres autpi memb
of the echo component of the viice guality,

2. The membership funstion for the &y zEy sel’

) .
H T 4 e -1y
} A AE UKL X A g’«",t
N o B C
i")}r,: Tl H IY st Ly e R
L D otherwise

b The membership function far the fuzey set

ership funchions which will give an estin

‘bad wcho (hed

nodarats echo (me)”

(5,13




S
A

. The membership function for the fuzey set "good echo ige)’

Graphically we hav
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Figure 3.3 Output mesmbershin funciion cho
The approsch we ugad is 1o deline the input membership funclions based on m’npwa»
reasoning and then we spent some Hime Wring thosse mesmbership funclions, But the
tuning is done afler the fuzzy inference “‘*{,;i‘{:z’ﬁ i designed becauss we need o use
the cutpud of the algorthm as a feedback for funing We will desonbe the inpig

membershin functions ke in this section. First we will desoribe our f*«f{‘;:mwrz fuzzy
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The fuzzy ndes logether with the fuszy :zzemi“zw”*n@ functions are the main sleme

sorung bebind the roposed fuzsy inferance ay

that reflect the empirical raa

5 that we adopted for our proposed algorithn and the

3¢ describes the fuzzy rule

ampirical reasomng behind gach rule.

Table 3.2, Fuesy nddes ¢

Fuzzy Rule

Y ::gm i bag THEM

I ACOM s good, THENM
rm ¢ 15 goud.,

FACOM s m d“‘
w*,?‘siéi} ERL is goo §§‘
acho i modarale.

i receive spasch powst
s Bmo AND transmi
noise is bad THEN acho
is bad

2 the scho componant of the volcs quality
sirioal reasoning

f“»zb m‘:z‘{mg the gyt qy
& bad, most

'z“;ajc;f parameds
Section 2.4} i
aris g;ef:,mgmq B

'3(*‘ ALGHM, some echo s being cancelieg
indepandently of the other paramsters,

artainty about the
use tha BRI

s moderale, there is some un

q;jamfy of x?w cho signal. So we

gis for ransmit and receive speech a3 well
noles arg ai conlibuing w a b

The signal leve
as for wansmit

The fuzey woplication operaior that we choas for obr pio

Operator, The defuzzification method thet we chose s he

rugthod (Mogs, 20041,

An advaniage of using fus

i s that we nan first defing v input variahies

and hen we | thie membership functions by

and edaborgte the fuzzy rules

ioh we know ¢

running the sigerithm for calls for v

didd in order {0 defing the

inferance input variables

he BOS, That s exactly what we

foltewing mambership funcliong for each one of the fuzzy




We used Maliah and s fuzzy ogie oothoy fo implement our propossd algorithm and
ran a st of 18 calls, We implemented i in o way thal we would give 1o Matlalb 20083
different fussy inference systems at a time. The difference between the fuzzy syslems
was only in farms of the membership funclions, Al systems had the same input
variables, fuzzy operations, and fuzzy ruies, st differant membearship functions for the

&£

furzy variables, Then, affer running all 18 calls for each one of the B fuzey inferencs
;M,

systemns we could compars the result of the fuzzy algonthr 1o the expacted MOS

scores {after the echo cancelintion).

We chose fo uss & different fuszy inferance svsiems In each luning slep becauss
there are g0 many paramaters that can be changed in g membearship function that one
wasiy guts lost f one res {0 change several parameters at once. 3o, for instance,
we are luning g specific Wanguiar membership tunction that bas 3 positive and 2

negative slope we would first lune the pogitive slope of the blangle and iry Lwith say 3

A oa result of the tuning process desoribed zbove we derved the foilowing

membearship functions for the fuzzy sets desaribed in Table 3.1,

3.3.1 Echo Beturn Loss (ERL)

The membearship funstion for the fuzzy set "good ERL {gerty’

I'e Y “% i) i o - Py
.Z,-ﬁ,di7 <y o< 34
H & o 4
F onna, . Y -
Hgeri\ED 0 0 > 30 E2
Lo, arherwize
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3.3.2 Combined Loss (ACOM)

3

The membership function for the fuzey st "moderate ACOM imacom)”
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3.3.3 Receive Speech Power

The mermbership function for the fuzzy set "bad receive speens powesr {hraspy”
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334 Transmit Nolse Power
The membership function for the fuzzy set “bad tanemit noisa power (bing)
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Cigure 3.0 Tranemit nolse fuzzy membership funchion

3.3.5 Computational Example

Now we show an sxample of a fuzzy rule compulation cared out by the fuzzy
wtarence system proposed abovs, Suppose we have the fallow ing set of inputs fraw

datal

rew gpsech power = -27d8Em
Transmit noise powsr = 50dBm

"

Supnose we want 1o sompute the fuzzy rule "IF ACOM s moderate AND £ s good
THEN soho s moderata”

The fuzzy set modsrate ACOM is described with the nerrbership function y,, 0 (0

a2
PRY




The fuzzy set good ERL is described wit h the membership function g, {0

j / }Li PR N VR I G R o -
. Lap™ e J M2 . e ame POV % Bt i"‘;) i iy {7 4
Pangaom X i ™ 430 = Lf - un 3 36 7 fangenm {28} = 7 EO e B {31
g ; ig.%‘ 2 A L ‘
L atherwise
% ’Siy o ¥
g "2’;{‘, AL e 14
R . oy g 3 £ Ay,
% o ¢ 5 e T 4o 3r 2 4;{' o :’.’j} !’ P xg 4 AT
Bgertl20 = {15 5 35 e (23) = f10= g ERR
VY gyt haraariee
\L.-,‘kj-, EX R S e S

s fuzzy implication operator (AND intersection) that we are using is the Larsen
xgtéf'«m according o 7. Ross {2004} the sutpul of this ¢ ,% s given by

PR G S N 5 SO e
v Xy forall v £ W

<

b,mm ¥irn iJJ 4
where N ig the number of fuzzy wi@ *Fi mzﬁ aiess real ninbers anc M ix) are the

membership funchions

The membership function for the fugzy sel "moderate scho {mey”

/3
i cr g (3.12)
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Flgure 3.8 is g grophical representation of the oom mdation described above. This

>

hedps In tuning the meambership fundtions.
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Figure 3.8 Grapiical interpretation of the fuzzy rule
bv H 7

Onee gl the rules desorbed in Table 3.2 are computed as shown above, the oulput
mambership functions Coonseguances’ of the fuzey rules - which ig u{ in the
gxgmple above) are then maagmm gnd the cutpud of the fuzzy inference sysiem ig
computed ysing the center of mass defuzzdication method

The idea s o run such computation pericdically throughout g Vol call, getling
inatantaneous values of the quality of ihé}ecm signal in such calis. This was done in
our srnulations and the neyd chapler shows the culput of the furzy sigonthm for a call

with 3 relatively bad echo signal Figure 3.2 shows the flowchart for ihis fuzzy

(%)
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CHAPTER FOUR

4.4 | RESULTS

4.1 Simuiation Besulls
W ran the proposed sigonthrm for 18 calls with differend lavels of volce guality, Thess

calls were all previously generated during 3 live VoIP call antd recordad in POM
format, We split the calis iﬁié W QIOUDS. T%‘zaﬁzs% group containg 8 calis where acho
wag effectively cancelied or no scho was created in that cal. The senond GrouUs
cortaing calis with various lavels of echo signale and background noise, Then, we ran
thase calis trough g Texas instruments D8P platform with g fine echo canceller, Wa
then  collectad t?‘ze:«. rreasuraments  from this  ache  canceller, af‘zaiyz‘«}d thess
measyrermanis and finally used them as mpuds 1o cur 4>‘uzzy algorithm.

Az desoribed in the previous ssdion, the oolles meastyrements from ihe scho
canoeler weare he ERL, f« COM, transmil spesch powsr, receive speach DOWeT,

fransmil nobes power and receive noise power as shown in Tabie 4.1

For sach simulated VoIP ozt we had the near end signal, the far end signal and the
measurements provided by the scho canceller. As was desoribed, the proposed
algorithm givas an instanianseus estimation of the echo signal for the call. During owr

siptations we choess o compule this satimation every two ssconds. The approsch

o~

nat we considerad was to provide an average of i"zfz cutputs of the fuzey inference
systern throughowd the call Figure 4.1 shows a call with the duration of about 80

SeCons,
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Tabie 4.1 Average reading for 18 VolP calls
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Figure 4.1 is g call with durgtion of about one minute. We computed the quality of the

soho signal avery two seconds. The higher the number foy the eslimation of echo

guality, the boelier,
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it iz as desoribad by the membership funcions of Figurs 3.4

Figure 4. 2 Average quality Iy calls with reduced echo somponernt
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Figure 4.3 Average quality for calls with incressed echo component
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Figure 4.6 Mathlab Ruls view for the Fuzzy Algonithm

34




“

CHAPTER FIVE

5.0 DISCUSSBION, CONCLUSBIONS AND RECONMMENDATIONS

£.1 Discussion of Resulls

Analyzing Figure 4.2 In chapter 4, we nole thal the algorithm was really effective in
gstimating the echo component for these calls,

Figure 4.3 shows that echo was not effectively cancelied or thers was some high
netze or high difference lavel belweer *i"ﬁ rmoaive path signal and the send path
signal, We see from this figure that the a’igm‘étizm vas able 1o declare several calls as
having bad echo gualiy. Howsver, stme calls (ke call number 73 obtsined 2 much
higher soore than ?ve:y raally deserved.

<

Using the appreach described above (Inding the average ©f g complated call), we
fose the detalled nformation about the call. For ingtance, I we gel an average soore
for the voice qualily in 3 given call we do not know i the call had & good quality for
approximately half of the Sme and 8 bad quallty in the remaining tme o i the oall

guality was average during the whole o3l This can be resolved by inorsasing the

frequency of result sgmples teken for sach oall,

We conclude from these simulations thal owr proposed algorithm 1o evaluate the echo
component of the volee guality in a VolIP call gave very good resulls for oalls that had

e or no echo, That iz, the proposed algorithyn was able o estimate with good

e
239




goouracy that the final woloe quality was not afiscted by echo in those oaliz
(Figurad. 3, We should note 1hat due 10 our choices of defuzzification method and the
output rmembership funcions, even for calls with perfect quality the outpul wouldn't be
1.0 So the output shown in Figure 4.2 really reflects very good voice quality as we

axpecied.

On the other hand, for calls where the vos guality was not g0 good dus either 1o
sume hugh background noise, bansmitireceive speech signal level disparty or
presence of echo, the algonthm had g falr performance. As we can see in Figure 4.3,

the aslgorithm was able o point out calls with wolce quality problem bul we sill think

that s calls got Migher soores than expecied considering our subjactive analbysis of

£ 2 Conclusions

iry this work, we have been able o de?;ve:iﬂs:) an akor i iy et estimales scho contand

o

%

of 8 Vol oall in residims arithim s 5 bulding block Figure 2.2 of an
g 4

ohigctive, passive, volee quality algorithyn that can run In reablime and estimates the

X

Py

woine quglity for lve calis in & VoIP systam or network. The uze of fuzgy logic was
motivated by s abllity to ghve ressonably good resull with low compulgtions!

complety; it s called soft computing method.

The proposed sigorithrn can run gnd give 1 es*iix in realtine iy the embedded systam

that processes the VolP calls, giving op RPAGTS 4l dirﬂm* instantansous estimation of

the gually of thelr network with respedt o scho. Another advaniage of the proposad

41




algorithm is that unlike other popular methods, It does nol require 2 reference signal,
anid this attribule makes i more sultable for real e oalls,
O the other hand, the algorithm carrles 3 radecl betwesn precision and complaxity,

¥

The main disadvantage of the proposed algorthyy s that # is not as precise in s

gztimales as the PESG, MOS or the E-model methods, Further worl is nesded in

improve in the precision of the estimates while retaining the realdime feature.

£.3 Recommendations.

in this sechion we discuss two main directions of futire developments relgted o the

sigorithm proposed in this work,

i The ascuracy of the proposed algonithm oould be nproved.
i, The propossd algonthyn could be modified such that # can be used in

diffaront scenarios.
one possible way of improving the acouracy of g fuzzy inference sysiem is in add
racrg input fuzzy variables and more fuzzyv rules by including other information ke
sacket loss, delay and jitler. 1 would give a moms ;tﬁra%sifrs stimate of the volce quality

than toking only the scho compaonent inlo consideration. Alzo, we should consider the

wesibiliies of including fuzzy rules thet ,z'zmrpfzfaip knowladge of other spesch

sarameters that can be affected by the 1P nestwork such as spsech olarly and

- Regarding different scenarins, there am faw directions that can be followad in order o
increnge the rangs of scenaries that can take advaniage of a similar aigorithm. For
instance, the main resulls of ihis work were developed for line acho present in a VolP

42




catl, So, 3 modified slgoninm coudd be used Tor aimilar puiposes in a scenario whers
the echo present in the call has acoustio naturs. I woukd be very usefd for nebwork

operadirs 10 have g simidar algorithm o evaluate the quality of an acoustic echo

signsl.

Ancther wigresiing direction is o adapt the algorithm for 802,11 o Wi-FI neteorks,
which arg alge besoming very popular, i ssems that the chief challengs ¢ & is that,
refstive to wired 1P networks, packets are dropped at an excessive rate - in genergd
0% more packets are dropped. This can lead to distortion of the voice 1o the exient

that the conversglion is uninteliigible and thigs must be aken inio consideralion when

adapting swr proposed aigorithm 1o the wirsless Vol environmaent.
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