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Goals - in chronological order
Loss, delay and jitter measurements of VoIP in 2002
Compare results with those obtained in 1999
Construct a robust VolP measurement infra-structure
Actively partake in COST 263
Create a public repository of VoIP data

Encourage not only VoIP usage (e.g. available bandwidth
estimation)

ldentify issues for E-NEXT measurement activity



Results (concatenated)

Quality 1999 2002 % Diff. (+/-)
Jitter 45.1ms | 22.6ms £13.7) -50.0%
Loss 1.2% 0.5% *2.6) -58.3%
Delay | 115 ms | 84.95ms {£44.85) -26.1%

e Loss, jitter and delay have improved
e Probably can attribute it to upgraded links

e Some caution:
— In 2002 we had 100’s of measurements per connection

— In 1999 we only had 10’s per connection



General results
VoIP quality is good usingicademiaetworks
Most sessions show less than 5% loss and under 10 ms jitter
Most losses are single losses
Quality has improved over the past 3 years

\VOoIP is not usable on a global scale, 2 sites we used exhibited
poor quality

Infra-structure not distance, or number of hops is important

Silence suppression, packet sizes & network asymmetry are not
major factors
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e Iflook at losses over all traces

e Singular 600,00, double 100,000, triplicate 2000



Packet sequences (non-loss)
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e Left plot shows a good connection, the right plot poor one



Maximum jitter by region
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e Emphasises the poor quality South America



Jitter to delay ratio

10

Del ay) Ratio

(Jitter/ Av.

il 4l 1

Finland-Sweden Michigan-California Michigan-Stockholm Belgium-Argentina

Connect1 on

e Look at the jitter to delayatio



Asymmetry

0.6
Michigan to California —&—
California to Michigan ---&--- @
05| J
n
04 | J
o
>
0 g/
03 | ks i
? s oo@ i
o) n
- . . o
02| : i
[{] " I.
T i Al V] M E'
R
01} J
. . - (/1 D
O o ,‘ L4 i
0 a—a—a—f - E—G—G— S o g &
Time of day

e In previous studies, asymmetry seemed to be important

e There is a difference - but in absolute terms is low



Packet Size
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160, 640 & 1280 bytes without significant difference

Rate is always 64 kbits/sec
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Where did we measure VoIP quality?

@® Cooperating Sitesin 2002
B Cooperating Sitesin 1999

Academic site®nly
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What did we measure?
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What did we use and obtain?

Test “signal”
Call duration 70 seconds
Payload size 160 bytes
Packetisation time (ms) 20ms
Data rate 64kbits/sec

Without silence suppression 3653 packets
With silence suppression 2043 packets

Coding 8 bit PCM
Recorded call size 584480 bytes
Obtained data
Number of hosts used 9
Number of traces obtained 22436
Number of data packets 32,771,021

Total data size (compressed) 411 Megabytes
Measurement duration 12 weeks
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What did we do?
Sent a pre-recorded wave file between sites, once per hour
Used script “wrappers” around Smghone
Using scripts allowed any tool to be used

Timestamp files as GMT offset for easier post-processing
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What else have other people done?

Bolot looked consecutive loss, they reported 1-5 losses at
8am and 1-10 at 4pm, we found also low consecutive loss

Maxemchuk investigated delay and loss, depends on lengtl
of connection and time of day - we had lower loss rates

Dong Lin reported results similar to Bolot (even 4 years
later)

She concludes packet size is not significant

As far as we know no-one looked at silence suppression
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What are the conclusions?
\VoIP is feasible, buhot on a global scale
VoIP quality hasmprovedover the past 3 years

Low losses, less than 5% loss, low jitter 97% of all
sessions are under 50ms, low delay less than (ITU)
recommended value of 150ms

Practical difficulties occur frequently: firewalls, wavelan:-(

Data, scripts and some suggestions are available from:
http://www.sics.se/ lanm/COST263/cost263.html
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What are your suggestions?
Planvery carefully what you want to measure
Be prepared for outages, configuration changes

Have contact with your remote colleagues because...
— To ask “What happened last week?” and
— “Does your provider charge/traffic shape?”

— Restart equipment (Planetlab recommends network
addressable power sockets)

Formalise the suggestions in a documamt

Think about E-NEXT measurement activities :-)
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The End

(of COST 263)

18



(—~ ~ ~ I~ I~ P~
o < - o~ () © (=)
I~—~ -~ -~ -~ . . 8
o <t~ o o~ N o~ . NN~ N~ [¥e) ©
] - - — O ~ - N~ — -0 ~— ~— N
=] <t 00 - D~ - Moy - N NMo00 - [ N N—
B=EEN N -~ < o Z *
=] M~ O .~ c . c < . . . . o
(9] R} N -0 n -o o — -0 0 o o o mo
B [ =0 0[N0 OH|MN << DO~ - DO < < O |F < <¢ 00O (G <t < 00 © o - -
o HD—HON+ [ ON+|[HHONF | =l ANl |[AEEd Il |[=EEl == MH o<t
B e g N B o =T Y P = P = =T ] P == 1 0 PR == oA
I~ I~ I~ I~ I~ I~ I~
o~ ) Lo N~ ™ ™ N~
-~ . . . . T~ .
Do~ <~~~ o~~~ <~ D~~~ oS~ D~ ~
< -~ < N~ o © M~ < N o~ N~ N~ [ K=) N — 0 ~o
N <t - N~ . - M~ « . M o e~ [~ e~ =T N o - ~N -
~ <t ~ ~ ~ N NN ~ — N ~ a N * .M
> o ~ O — — oy — — i —— + N —— + N~ — N~ — — = Yo}
Q RS . . ~ . ~ ~ .
N o o 00 © © o<t O oo — < N NN o 00 M~ [S¥ee) Lo M~
o WO oD - O o s eI - cO—H[N -e~ [N - c oS - .o <t - <O - -~
m D AN+ DN ASOOOFN+FNON A+ NMNHOMM NN+ (D + = O W=+ |0t
AL AR ALAEREASARFEASAEFEAS AEHEASaEE - T A amERp-Aam
I~ I~ 2 o
I~ I~ I~ <~ I~ 0o S~ -
o~~~ N~~~ 00 ~—~ s~ D~ c A~ o N~ o ~—~
S, k=) XY - o ow - —~ N o < - O o —
o - e~ |0 e~ = = o ~ O~ |= - N M~ ..
=} (\108 (\10uﬂ. N — N N — N I ) M~ N O * ~ o — O
oo NS NS N2 N oo
m <t ~ |© ~— |0 © Al SN P N Lo~~~ N
o X=} X Xs\ - o <N oo - 00O o O o~ — Ko<t
o |0 : o ~0m fco |H s coofo - - ko - co-Hlo - w0 O OO0 - WO - -©
O Dto—-+[Or~o—O0OotFtANNF|—HmoOo—HOINMmOAN I [N oNO N—0— | [AFO=+ |0~
U [Bsagdlasagdesagdasagdd s asdlasass AamAEHAS AR Aam
I~ L~ =
I~ ~ I~ < I~ I~ I~ o .
O ~ AN M~~~ c SN AN —~ O~~~ O ~~ NN NN~~~
S~ - - O™ N o™ s~ o X=) 0o 00 N~ <t 00 —
0 o < - e~ o S — . ~ . - = .. N~
N — = oo coN Mo . Moo * Moo om oo
= N N\ o= ¢ o oo oo — o= o~
[} o <t N~ . ~ <t ~ © fa] .
! cNO s QN 00 — N k=] e X=} ‘0o — <t o oo Lo <t~
O | s —Oolko + cNODS : oM - N _|m c O o - N [+ - cw—H|© - = - O
2 [@Pmod+OowodN+—HNOM+M—AOoONO—H—HON | N—oNOmomoOoAN I [HNO=+[[HM—A
[ o T = R P = =) ) R = =) ) (L O = o) ] (Y W = =] ] T R O - [ R P f==) 2] fa L NG =o)L NS §- o) ) | R P - -
L~ I~
I~ <t (]
I~ I~ (=) I~ I~ ~ I~ - -
O~~~ o~~~ c~— © ~~—~ O~ o~~~ N~ ~ o~
N0 ® o 0 o < S e S®e —Lo < o~ N~
. B .~ . . T .. .
L] N — O N O O M~ O O * M~ — O MO O o AN nlml
= ~ ~— O —— + ~— ~— ~— O — — v N — o)
— o~ f < | . .
[>] S — s ot o oo “ao Coo 00 00 00 < o 1o Lo~
.|n. [— [To T2l (o' IERERN SN N o R Vo I | R S ] [ IR b | Y o | E e R e ) © . OO - O
S oNoC+loYo—d+H—HoN+ Mmoo -+ ANON+|N—HO—H+ MO —HO|HMO=+ [[H M
<5 AN AEEFEAY AN AN AT AN AENEHEAaS AR AEBEAAY AN | AaE
o o
o) I~ I~ I~ L~ I~ -~
~ N~ N~~~ D~~~ <+~ N~ 00 ~O ~
LO LD 00 ] - 00 0O cwom cwom o No - o<
~— - <t - N . o . - o . - o - . M~ < .
g8 M~-o ~o o Moo * M~ oo ~— o Moo N~ N —
= o o= o=~ oo N/ oo o — o
~ ~ - e
‘B0 e ] o - O N 741 381 - 00 O OQN N SO
2~ - c—Hom - O - oo o - cOovMm + oH |+ - N[ - bl - ‘<mOfp~ -
0 [0eMOo—+lOto—+0—ON+ N—O— I [ MNONO|[HOOHOMOON— I [=ZFO=+ P~
A lasazmeasamen s ame AN dASNFRAaS AR ARFRAa S AR RS AT
L~ I~ I~ £ o
[ee] ~ b~ N~ ~— ~ I~ . .
c~— O ~—~ D~~~ o~ © ~ o~~~ o~~~ M~~~
< LO 00 O - 00 - 00 O <t 00 < N — [ o)) <' Lo 00 <t <t 00
— = <t .~ — . X s e~ e — . . N =~ .
S Mo Mo~ * Mo — o™ — O o — N © N
[ ~ = ~— o+ ~— O —— + O —— ~— O — — O —— N~
o o <t ~ o . ~ . B
=] - <t~ e N [N Xa\] DN~ O N ~ w0 w0 oo O —w© Lo N
= | - como - com << - O - HHO - O - QD[ - coH|In - c<uH[—H - -
® [PNo— IOl CO—TNI|[—H—AONI [HMNMOMI|[0—NN I [FOM—I[—MNMO= I [[HM——
O lamdamelasarse = R e B N e e o e i [ O e i I e F T o =)
L~ I~
I~ [¥o) N
~ b~ b~ I~ ~ —~ . -
~ —~ D~~~ D~ I~~~ O~~~ O~ < ~—~
N~ I~ © X)) o s m oo - o M No < w0
g = - e~ o - o . — T~ o o - . NS4 .
[ N O * MO Mo O MO O ~— O\ — M~ O O ~— N AN —
o= .
= <t - N — -0 O - O n o N~ O M~ Oy O O M O o <t ~—
o [0 - -« o - cm|m - - ~w0fo SN 0o - 00| - cOoN | - =i+ - -0
= MNo—o <F—oN+|[CoOo—HI|[0—O— I |[0NONI|[COO—A I [MOONI |[—HFHO= I [[H——
M [ U ==y AL AN ARHAS AR AN AN AN AR
7]
£ L. L L - o
5} < N~ ~ ~— I~ l~ I~~~ . .
n e~ ~© s~ N~ 0~~~ © M~ N~ o~ o~~~
= LD 00 ~ 0o m o ©o o - 00 oo R < I~ 00 o<
— TN~ A i~ = <t - -~ |0 c~ oo o R N
= * MO o MO M~ O O MO O M O NN - O N AN —
Q ~ o + ~ T+ N o+ ~— T+ o — N+ o~ — b~
[+} < —— [n - |~ 00 - |m - |l ~ N
] O o c0o N~ O oo =] o © — M~ N O <t —
2] O - ot [ - oMo - oo~ - N~ - cNWOM - 0O - s 0N - =t e e
< DO Ao IO NO A+ |[O—1O A |[D—HO I |[OMONIT [O—HO— I [MOO— I |[—HHO= 1 [~
M ACA@EEHEASARFRAS ARFRAS AERFEAS ARHAS ANHAaS AN AR Aam
]
= -
1% +
> g
5 = = 2 > g
(] «© (=] m ko) =] ot
= Q a0 o = < > =
B8 g = e b= g S £ g 5 =
< 7 5 = &b = i) o) g
o < Q —_ —_— =) [ ~ — a0 o]
g = < 3 = 2 ) e =
g = = &) m = 0 O < =

19



Silence Suppression
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e Not really significant
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