msianldsunsunsrniagaumnmisliusmsdmiumslyau VoIp

Inea g350a

a a ddwcs v d! = [y a U A
:1wﬂmwuﬁmﬂumuﬂmmmmiﬂnmmuﬁangmamnsmmamumummm
a a J U A A (Y] a LY a v a d
EﬂsllTJﬂ'Jﬂi’iNﬂ@NW’J!ﬂﬁ)’i!!ﬁziﬂ’iﬂN‘t!]ﬂﬁl UUNAINIaE Nﬂ13ﬂﬂ1ﬂﬂ§§ﬂ§]ﬂm”nﬂﬂ

N.A. 2554



Development of a Quality of Service Measurement Program

for Voice over IP usage

Phaisan Youngrod

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering
Department of Computer and Telecommunication Engineering
Graduate School, Dhurakij Pundit University

2011



Aaanssudsema

a

a a a’dyo < 1 Y Y J @ a
'Jcﬂﬁl'luwu‘ﬁl‘!ﬁnﬁﬂﬁj‘ﬁ'}\?ulﬂllﬂﬂ')ﬂﬂ'ﬂilﬂéﬂﬂﬂ']ﬂ 8191358 AT.TUY F1]']5'Ti/‘lfliﬂ'ﬂ/‘l

Q

s (=R 1 a a s A Yo ) Yo = Vi
2191500 WANGUNUS ﬂﬂ@ﬁlﬁlﬁﬂnlugu']clﬁﬂ'lﬂﬁﬂy'l @laammmamﬂummﬂ%

1 7 o o & @ a A 7=
Va9 wevouam 819150 ATFons wuzmMagius 01senlsnuinerdnusnly

Y Aa < o o A & J aw =]
ﬂl@ﬂﬂlﬁuuagﬂ'ﬂlu$u']ﬂlﬂuﬂ3518515u@]ﬂ\‘]'lu’ﬁ]ﬂ Llazl@'lﬁlﬂﬁlﬁl:!ﬂﬂﬂy']lﬁu@u']

J o

s % ¢ ¢ o a o
UDVDUAYU iﬁ.ﬂ‘i.hlwuﬂﬁl NONHAUUN LD 19138 asilsemai IunIIang

a a s A 3 a a J Y o o A &
AFINMITRUINGIUNUT NaaznadlunssumsasnInginusuaglvdumuziingu
J aw { { o A 4 1 1< v
Usz Tenisenuide uazvounaudmthinnmuimes uiuGesasn lhiuedd
YOVDUAMNDUS FINTUNNT AUTNADIFIOIADNIAADA

4 1
Mogatlveveunn amvo Aaui aaenduauluasounsivesdite Naoeld

U

o w =

o X7 ]
ﬂ"lﬂ\ﬂi] uazﬁuUﬁquéﬁﬁmiunﬂq éfm ﬁﬁ@ﬂi%EJ%L’JE]”Iﬂ'IiﬁﬂH”Ii]'J']Jﬁ]uﬁ%ifﬂﬂ”ﬁﬁﬂ'ﬂ1

Twena dasea



asvsy

UNAATDN I NG e
UNAATODTHIDINYH ... oottt

AT TNU T DI e,

YA ¥y A o .
2.3 ANUILUBIAUINGINY Voice Codec.......ooovvirniiiiiii,
Y a A 1 =
2.4 AUMANMIIHVUTNT (QoS) NUNANTLNUADAMMMITEN............coooen..
Aad v = = 1 =1
2.5 Amsiaquaidesnnniotne Tol.............
9
2.6 UsZANNITIH VOIP A1 OSI LaAYET. . ...vveeeeeeeeeeeeeeeeee e,
Aad (% = A 1 =\
2.7 Aam3lsulgenammidosuumionslon. ...
2.8 ViISUAL BaSIC. .. oottt
2.9 TUSUATUAPEIE. v,

210 VT PING. ..o



2. uuIn
2.11

2.12

3. syl

M58y (A0)

= ao d' d' 9 [
A NYYY HAZHANIUIVINUNYIVUDIEID) ..o,
v A o £
MIATIVAOULUATMTONSUVDI TUTUNTUNAWRIU. ..o,
Av A a 9
NTUIBYTUNYIUDN . L e,

a

A v
B

3.1 UM INMITIVOUAZIAIUY . oottt

A A A X X%
3.2 IATOIN DT B I D e,

42 N
437

5. agiw

VINATOUAMUATIU. ..o e,

Fnmsnaaet 1sunsuTaen13IAAT1 Concurrent USEr. ...........oeeveeeee....

AUAZTOUIUDIUE oo,

5.0 AFUMANITITY. ..o

5.2 HOBIAVUDITEUU oo e

53 HOUAUDIUE <o,

VITUIUNTY

UszTagiou

33

36

38

38

39

40

41

55

55

63

71

76

76

77

77

78

83



AN

a3UYAIN

=).

2.1 YerlSeuiieussyiing 1323115 Taneady SIP TUs1ARDA.....oocv e,

2.2 nlssumsugaaniifueinsulasdyaandeaue AT INANe L.
091‘ [ d' d‘ 9 [

2.3 ¥uv09 OSI Layer N1 115 1anoaiNeIuo90 U VOIP......c.vvvee e,

2.4 gaauuuAIAn M uRIt/00asHaLAas ¥ HAYY Ethernet...........cocv......

< a o v a
2.5 %ﬂmiﬁ]iﬂﬂﬂﬂ”ﬁ@]ﬂﬂu&lﬂ ..................................................................

)]
Iy
=
D.
&
b
=3
o)
Lo

2.6 MIFTEUNBUAVANHAULUYDINUITGNNSIVO. ...
31 HHUMITAMHUII e,
3.2 MIUTUAT MOS Score NUAT R-FACLOT. ..o eeeeeieeeeeeeeeeeeeeeeeeee
3.3 M3 TngsIWved CODEC fee TumsiFoudoiy Ethemnet.............

@

4.1 nssunesuTlsunsunannvuaniumnieioda IDSU Tagld CODEC G.711

Ed
[ =2 [

42 nfvuiten Tsunsuiiwanniumnsuniee T 1psu Tasld CODEC G.729
43 nBoudiouTisunsufiianninfunissie¥a JpSU Tasls CODEC GsM

4.4 Wiouifenaunae (Average) vosdanlsea Taeld CODEC G.711............

4.5 nReufeuaniisunnmnasgu (Sudev) vesialiaeg Iagld CODEC G711
4.6 nf3eufeuaunas (Average) voadutlsa1eq Tneld CODEC G.729............
47 Wisuifisusmidounuinasgi (Suev) vosialsaran Tnsld CODEC G.729
4.8 Wiouifouaunae (Average) vosdulsa1ae Taold CODEC GSM.............
49 nfisufeuaniisunnnasgu (Sudev) vouiulsaeg Iagld CODEC GsM

4.10 agdwansdnnalumsmmnsnadevausigiuvesTsunsuiiian. ...
4.11 A1 MOS Lﬁ'aﬁimau Call Session Lﬁnﬁujulﬂéﬂﬂhﬂﬁqﬂﬁ background traffic...

1 i o . P 4 ' ! 3
4.12 A1 MOS 183117 Call Session 1NATU AT 10AT background traffic 1

22

25

34

37

40

49

53

57

58

60

61

61

62

62

62

62

70

72

74



Qo

=).

a13

A J J A ] 1
2.1 ﬂ'l'il“b"ﬁ]iJ@lE]EU'ENQﬂﬂiﬂlﬁlulﬂiﬁm']ﬂﬂ"liﬁ

€
@
Qo

il

=

sdyanandesuulofi...............

4 ' 4 a Jd o g a @
2.2 fn'iﬁf)?ﬂ‘ii%ﬁ'JN!.ﬂt'JgTENﬂE)lJW'JWI’E]'iﬂ‘]_llﬂ?’ﬁ]\iﬂﬂNW?!@@‘gllﬁgIﬂiﬁWﬁ ..........

d‘ [ o @ 4
2.3 Msaea1suuy InsanNnu Insann. ...

2.4 naaagunsaiang o lulnseine H.323...

2.5 naaagnsaiai o lulaseineTdsTanea SIP.......................ooooo,

2.6 ADMAUNTTHUDG SIP. ... oie e el

2.7 JUAIDINNITINA Jitter delay.......o..oovvreereieeeesieeeeeeeieeee e,

o o = = ~ A Aa A ~
2.8 szaunuMwvaIdyIandea)ssumenluralsue nswlin ngameny

Yy 9 @ (R A ~
AITUATBIVDN ilJﬁﬁilﬂUﬂﬁﬁﬂWﬂLﬂi@ﬂliﬂ”lﬂW .....................................

< v o 7 ' @
2.9 !Lﬁﬂﬂiﬁlﬁl&ﬂﬂﬂﬁuwu‘ﬁixﬁﬂﬂ R- Factor N MOS Score.......cocevvvvinnnn....

SO
2.10 ?J‘]_ILL‘]J‘]JGU’ENLLWﬂLﬂ@ VoIP.................

] 2q 9
2.11 Yo wNANA VoIP 1195 CODEC G.711.... it

2 Aq ¥
2.12 zﬂLLU‘UGUE)\‘iLLWﬂLﬂ@] VolP ‘1/161‘]5 CODEC G.729 e

2 Aq ¥
2.13 zﬂLLU‘UGUE)\‘iLLWﬂLﬂ@] VolP ‘1/161‘]5 CODECGSM....ooiiccce e,

2.14 MIVAUDIADBUUY First in First OUt........oooeereriiiiiiniiieeeeeeiiiiee i,

2.15 MIVAUDINDHUUY Weighted Fair QUeUing. ........oc..oeeereeiiiineiiieeeeeeeennnn,

2.16 MIIALUDINDLIIL Priority Queuing...

2.17 MIIAUDINDLLY Custom Queuing...

3.1 uRUMUMINOUves TsunsulumsMmuIumaIT MOS. ...,

3.2 uRumMuMsiauves ldsunsulumsamiuaanal Concurrent User.............

3.3 anvazIoMNUed lUsuATy. ...

34 @T’J’t)fhﬂgﬂ Property Y84 Calculate Mode

10

11

18

18

22

23

24

24

24

28

28

29

29

41

43

44

46



Qo

=).

3.5

3.6

3.7

4.1

4.2

4.3

44

4.5

4.6

4.7

sl (a9)

€
@
Qo

anyUzVegUIUUMTIVU Object NFOI Server...........ocooveerereeereen.
A29819U0IR 1T TUMTATUIMUNT Concurrent USET. ........oveeeeeeeeeeeeeenn,

[ A ] A 9
ANHUZVDUATOVION T IUNITNATOU .o,

@ [ 1

@ Y A A 1 o
anyaems 1% 1UsunsunnauIanan MOS UATDVIYIIADN......oeeeeeee

193090 IAUDY TDSU JU HST 3000, ..o

g @ 1

dnyaurms 1 Tlsunsunwaianial Concurrent User 9101AS 01881004

Talsunsuanas1uIu Concurrent User A @ laS 08 ..o,

| v E4 v
A1 MOS 1§871$119U Session Call tANAYUATAIN 133 background traffic...........
: A o _ 4 2 Ada
11 MOS IWBNIIUIU Session Call INNVUNTUNY background traffic 100%........

ANHULMINAADY Concurrent User MAATOVIENINADY.......ooiierieeeeeer,

2

48

54

56

56

71

72

73

74

75



@ a a 4 @ @ a o Y
?%@31’]81141/“/!‘5 fnﬁ‘VWJJUWI‘IJiLLﬂﬂJ@ITJEﬂ’Jﬂﬂﬂ!ﬂWWﬂ131ﬁﬂ3ﬂ15ﬁ1ﬁiﬂﬂ151%\ﬂu
VoIP
A Yo [
BONLVYU Ule”ﬂﬁ TR
) o 4
219158NYT N1 AT.VINT IVUTNINSNUD

o’d’ = 1 1] a a
91013gN5n¥II A6ty 913IMelnIn
a1 InTsuaeuN nosuas InsaNuIAL

AUmsdnm 2553
U \]
UNANED

[ o ~ . I A 9 o [l [
521 INIANN 1o# (Voice over IP: VoIP) Wugsuuninslsauduediams
[ v Y v A ' d‘ =) ' =
nangy !,mzmmsaﬂiwmﬂﬂﬂ%mﬂmﬂﬂmgﬂgmmu Lmluﬁlﬂi]"lﬂl,ﬂi’f]"]]”lflhlﬂngﬂﬂﬂﬂlm‘]_m”l

o [ 9 v 9 A 09)1 = Y 9y =X =\ Y
?fTVi'ﬂJﬂ1ﬁcl“15\‘ﬂuﬂ'UGIIﬂuﬁﬁ‘ﬂﬁa'lﬂ’ﬁﬁ'lﬂgﬂllﬂ‘ﬂ‘ﬂﬂﬂ']“ll‘l LYY Llagupianian ﬁ]ﬂ@?%ﬂﬂi}l}ﬁ?ﬂWl&

=) =

AUNNMTIRDTNS (Quality of Service: QoS) yauz 1%91u VoIP TasilagtiunTosiionldia
Y a 091‘ = o Y9Jdq 9 a <} 9Jq Y A a =]
AN 1R DTN5 VoIP Wuilsiage dlagliusnis VoIP sreian dliusmsdunesiia
. . A 9 1 dy 9 Y Aav dyd = A A
(Internet Service Provider) n3ofaulaluansageuldauld viuideiiveiivuinaio:
ponuuutaziau 1lsunsuianions1niaguniuns 195 n15ve9 VoIP fduninldau
yY a dgl
LR ERETITETR
d’ [ 42‘ dy [ 1 9 1 [y
Tdsunsuiwaniuniamsoianianua1dni1anan (delay) A1numlsiu
YDIANWAI NI (itter) oz FoyangaynialuiaTente (packet loss) Taold Visual Basic
[ Lﬂ' Y Y [ [ 1 9 d‘ 1Y o 1
6 lumsiwau e lddoyaninmsiadenanasudou Tdsunsuinausgdiuamma

AUMNMI VTS 17 IaedaTudid Tasgauninnms liusmsez Talugluunves MOS (Mean

9
v A

.. a Yy A ~ Ao Y v A A 1
Opinion Score) 1MUATEH IA/Feifisunaves MOS #ia lanuinTesiodaues IDSU 1 HST
3000 AunANAdARIEITMINATeUANYATIL Aeldaninadennsoiensnadoun
o dgj =) = 1 09: 1 = 1 1 % d‘ v v ) v
$raedun wanmslseuisansdesdiuInglan luuandresduiszauisdfgy 95%

Y 1
wonantiu Tsunsuiwandsdmwnsadnaminnugldauvep Nszuuamisnsessy

18 Taetinanmms 1fusnmsedlunmsia



Thesis Title Development of a Quality of Service Measurement Program for

Voice over IP usage

Author Phaisan Youngrod
Thesis Advisor Chiyaporn Khemapatapan, Ph.D
Co-Thesis Advisor Tanun Jaruvitayakovit, Ph.D
Department Computer and Telecommunication Engineering
Academic Year 2010
ABSTRACT

VoIP technology is currently popular due to its cost effective solution. Normally,
Internet Protocol (IP) is designed for delivery of multimedia traffic i.e. video, voice and data. As
the result, the user VoIP may face the Quality of Service (QoS) problem. Moreover, VoIP QoS
measurement tool is very costly. So, it quite difficult for small scale VoIP operators or Internet
Service Providers (ISP) or interested people to own the measurement tool. This research is aim to
design and develop a program that can measure VoIP QoS in the real environment.

The developed program can measure time delay, delay jitter and packet loss in the
computer network using Visual Basic 6 as the development tool. The measured variables are used
to calculate the QoS parameter. This paper uses Mean Opinion Score (MOS) as the QoS
parameter. The calculated MOS is statistically compared with the test tool model HST3000 from
JDSU. The proof was done by Hypothesis test under a simulated network scenario. Comparison
results show that both values are not significantly different at 95% confident interval. In addition,
the developed program can calculate the concurrent VolIP users that a system can supported with

good quality of service.
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The turning switch selects
3 packets from first queue. then
2 packets from the second quene.
then 1 packet from the third quene,
The cycle repeats.

Arrival Departure
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The switch wirns to the other
=« queue when the current one
is empty
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|
I
I
|

Arrival Classifier Discard

Lower-priority queue

Discard
3191 2.16 M39AUDINBYIUL Priority Queuing
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Default Class

Discard
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2.8 Visual Basic (ixiacom, 1998-2011)
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Form #93ivzuaaslvifiuilunmsiimuas 190y Property Y84 Calculate Mode A431/11 3.4

Properties - Framel

Framel Frame el ||
Alphabetic ]Categuri'zed |

| Hame ) Framel

Sppearance 1-3D L

BrackColor [ &H2000000FE:

EorderStyle 1 - Fixed Single

Caption [Calculate Mode

ClipControls True

Craglcon (Mone)

Craghiade 0 - Manual

Enabled True

Font MS Sans Serif

FareColar Il =HE00000128

Height 975

HelpContextIDn O

Tndes |

Left 240 o
Mouselcon i (Mone)

MousePointer 0 - Default
OLEDropiMode 0 - Mone
RightToLeft False

Tablndesx o
Tag
ToolTipText |
Top 360
Wisible :True I
WhatsThisHelpID O
Wicith 3375
{Name)
Returns the name used in code to identify an
ohiject.
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Object UM1|uNF0I Server Aduaaaluzili 3.5

Private Sub OptServer_Click()
If StartStatus Then
cmdStartServer.Enabled = False
Else

cmdStartServer.Enabled = True
End If

If StartStatus Then
cmdGetData.Enabled = True
Else

cmdGetData.Enabled = False

End If

cmdGetData.Visible = True

cmdProcess. Visible = False
txtListenPort.Enabled = True
txtListenPort.BackColor = &H80000005
txtServerAddress.Text =""
txtServerAddress.Enabled = False
txtServerAddress.BackColor = &H8000000F
txtBandWidth.Enabled = False
txtPort.Enabled = False

txtRelnterval. Enabled = False
txtTransmit.Enabled = False
txtBandWidth.BackColor = &H8000000F
txtPort.BackColor = &H8000000F
txtRelnterval.BackColor = &H8000000F
txtTransmit.BackColor = &H8000000F
End Sub

U . 4 a4,
511 3.5 dnwazveszuunmdenu Object N9 Server

G

Tug1l 3.5 vzuansdiodisgluuvvesiiduieIid19mn15M1 Concurrent User

E4

Aa & . AA A o A 9 o g o .
NNAVUUU Object NYDI Start LEJB‘V]”Iﬂ”limi’]ﬂ(lﬁiﬂ3LLﬂ53J‘VIN"I°L!L1JHGYJ Client
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Private Sub calConcurrentUser()
If txtServerAddress.Text = "" Or txtBandWidth.Text = "" Or txtPort.Text = "" Or txtRelnterval. Text ="" Or txtTransmit.Text ="" Then
Exit Sub
End If
Dim BandwidthValue As Single

Dim ConcurrentUserValue As Integer

If optPPP.Value = True Then

If optG71 1. Value = True Then
BandwidthValue = 84.8

End If

If optG729.Value = True Then
BandwidthValue = 28.8

End If

If optGSM. Value = True Then
BandwidthValue = 34

End If

End If

If optEthenet.Value = True Then
If optG711.Value = True Then
BandwidthValue = 88
End If
If optG729.Value = True Then
BandwidthValue = 32
End If
If optGSM. Value = True Then
BandwidthValue = 37.2
End If
End If

If optFrameRelay.Value = True Then
If optG711.Value = True Then
BandwidthValue = 84
End If
If optG729.Value = True Then
BandwidthValue = 28
End If
If optGSM. Value = True Then
BandwidthValue = 33.2
End If
End If

ConcurrentUserValue = Fix((IbIBanRemain.Caption * 1024) / BandwidthValue)
IblConcurrentUser.Caption = ConcurrentUserValue

End Sub

317 3.6 drod1aveamdalun1sAIUIAN Concurrent User
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A13197N 3.2 M511/580A1 MOS Score A11A1 R-factor

User Opinion R Factor MOS Score
Very satisfied 90 - 100 43-5.0
Satisfied 80 -90 4.0-43
Some users satisfied 70 - 80 3.6-4.0
Many users dissatistied 60 -70 3.1-3.6
Nearly all users dissatisfied 50 -60 2.1-3.1
Not recommended 0-50 1.0-2.6
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Loss = 2%
Jitter = 3 ms
Delay = 8 ms

INAUNT Effective Latency [Average Latency + (Jitter * 2) + 10]
= [8+(3*%2)+10]

= 24

NATUMINIAT R, = 85.3 - (Effective Latency / 40)
= 85.3—(24/40)
= 84.7

NAAUMIHIA R, = R, - (Packet Loss * 2.5)
= 84.7—-(2%*2.5)
- 79.7

NNAUMTMIAT MOS =1+ (0.035) * R+ (.000007) * R * (R, -60) * (100- R,)
= 1+(0.035) * 79.7 + (.000007) * 79.7* (79.7 - 60) *
(100- 79.7)
=1+2.79+0.22
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Loss = 1%
Jitter = 2 ms
Delay = 8 ms
NNFAUNIT Effective Latency = [Average Latency + (Jitter * 2) + 10]
= [8+(2*2)+ 10 ]
= 22
NNTUMINIAT R, = 77.3 - (Effective Latency / 40)
= 77.3—(22/40)
= 76.75
NNAUMINIAT R, = R, -(Packet Loss * 2.5)

= 76.75 — (1 *2.5)
= 74.25

NNAUMIWIAT  MOS = 1 +(0.035) * R+ (.000007) * R * (R, -60) * (100- R))
=1 +(0.035) * 74.25 + (.000007) * 74.25 * (74.25- 60) *
(100- 74.25)
=1+2.59+0.19
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Loss = 0%
Jitter = 0 ms
Delay = 4 ms

AINANNIT Effective Latency

NNFUMIHIAT - R

NNFUMIHIAT R

NNAUMIWIAT  MOS = 1 +(0.035) * R+ (.000007) * R * (R, -60) * (100- R))

v
aziuaz 1da1 MOS

[Average Latency + (Jitter * 2) + 10]
[4+(0*%2)+10]
14

69.7 - (Effective Latency / 40)
69.7—(14/40)
69.35

R, - (Packet Loss * 2.5)
69.35—-(0*2.5)
69.35

=1+(0.035) * 69.35+ (.000007) * 69.35* (69.35- 60) *
(100- 69.35)
=1+243+0.14

=357 (fluar Mos 13a'ldn T sunsunwamum)
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A1319% 4.1 1WSewneu Tsunsuniannvuaniunieaioda IDSU Tagld CODEC G.711

MU JDSU - Handheld (HST-3000) DQSMP
Background traffic loss(%) jitter(ms) delay(ms) MOS loss(%) jitter(ms) delay(ms) MOS
Gen 30 Mbps/1 0 1 6 4.06 0 0 8 4.09
Gen 30 Mbps/2 0 3 6 4.06 0 0 2 4.10
Gen 30 Mbps/3 0 3 6 4.04 0 0 4 410
Gen 30 Mbps/4 0 3 6 4.01 0 0 6 4.09
Gen 30 Mbps/5 0 2 2 4.14 0 0.152 8 4.09
Gen 30 Mbps/6 0 2 5 4.06 0 0 4 4.10
Gen 30 Mbps/7 0 2 5 4.04 0 0 4 4.10
Gen 30 Mbps/8 0 2 5 4.04 0 0 6 4.09
Gen 30 Mbps/9 0 3 3 4.1 0 0 4 4.10
Gen 30 Mbps/10 0 3 3 4.09 0 0.001 4 4.10
Gen 50 Mbps/1 0 2 9 4.14 0 0 6 4.09
Gen 50 Mbps/2 0 2 9 4.1 0 0.002 8 4.09
Gen 50 Mbps/3 0 2 9 4.04 0 0 6 4.09
Gen 50 Mbps/4 0 3 9 4.04 0 0 6 4.09
Gen 50 Mbps/5 0 2 5 4.2 0 0 7 4.09
Gen 50 Mbps/6 0 2 5 4.14 0 0 6 4.09
Gen 50 Mbps/7 0 2 5 4.09 0 0 6 4.09
Gen 50 Mbps/8 0 2 5 4.06 0 1.624 6] 4.09
Gen 50 Mbps/9 0 2 7 4.06 0 0 6 4.09
Gen 50 Mbps/10 0 2 7 4.14 0 0.005 6 4.09
Gen 80 Mbps/1 0 3 6 4.1 0.69 0.36 5 4.14
Gen 80 Mbps/2 0 3 6 4.1 0.69 1.389 12 413
Gen 80 Mbps/3 0 3 12 4.06 0.69 1.762 6 4.14
Gen 80 Mbps/4 0 2 15 4.18 0.69 1.474 8 4.13
Gen 80 Mbps/5 0 2 15 4.04 0 1.179 5 4.19
Gen 80 Mbps/6 0 3 15 3.98 0 1.888 10 4.19
Gen 80 Mbps/7 0 3 15 3.95 0 1.438 12 4.19
Gen 80 Mbps/8 0 2 5 4.2 0.69 1.474 10 413
Gen 80 Mbps/9 0 3 5 4.09 0.69 1.156 8 413
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A1319% 4.1 Wlseuneu Tlsunsunwannvuusumseaiioda JDSU Taegld CODEC G.711

(#9)
INUIU JDSU - Handheld (HST-3000) DQSMP
Background traffic loss(%) jitter(ms) delay(ms) MOS loss(%) jitter(ms) delay(ms) MOS
Gen 80 Mbps/10 0 3 13 4.06 0.69 0.457 6 4.14
Gen 90 Mbps/1 0 3 7 4.18 0.69 0.938 10 413
Gen 90 Mbps/2 0 4 16 4.16 0.69 3.693 14 4.12
Gen 90 Mbps/3 0 4 16 4.11 0.69 2.414 12 413
Gen 90 Mbps/4 0 4 16 4.09 14 0.746 10 4.07
Gen 90 Mbps/5 0 2 4 4.18 14 0.878 11 4.07
Gen 90 Mbps/6 0 2 8 4.14 14 2.318 7 4.07
Gen 90 Mbps/7 0 3 9 4.04 0 3.353 10 4.19
Gen 90 Mbps/8 0 3 10 4.18 0 2.689 6 4.19
Gen 90 Mbps/9 0 3 10 4.11 0.69 2.625 9 413
Gen 90 Mbps/10 0 3 10 4.06 0.69 3.658 13 413
Gen 100 Mbps/1 1 3 10 4.04 14 2.886 11 3.97
Gen 100 Mbps/2 1 3 10 3.91 14 1.193 12 3.97
Gen 100 Mbps/3 1 3 10 3.84 1.9 1.863 10 3.92
Gen 100 Mbps/4 2 3 10 3.81 14 1.231 9 3.97
Gen 100 Mbps/5 2 3 8 4.01 1.9 1.41 11 3.92
Gen 100 Mbps/6 1 3 9 3.95 14 2.207 12 3.97
Gen 100 Mbps/7 1 3 9 3.91 14 2.494 11 3.97
Gen 100 Mbps/8 3 2 7 3.98 1.9 3.737 10 3.92
Gen 100 Mbps/9 3 2 7 3.84 2.3 1.581 11 3.88
Gen 100 Mbps/10 2 2 15 3.77 21 3.769 12 3.90
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a13197 4.2 WSsunen Tsunsunianniyuaniunseeiiada IDSU Tagld CODEC G.729

U JDSU - Handheld (HST-3000) DQSMP
Background traffic loss(%) jitter(ms) delay(ms) MOS loss(%) jitter(ms) delay(ms) MOS
Gen 30 Mbps/1 0 1 3 3.91 0 0 3 3.90
Gen 30 Mbps/2 0 1 3 3.91 0 0 2 3.91
Gen 30 Mbps/3 0 1 4 3.91 0 0 2 3.91
Gen 30 Mbps/4 0 1 4 3.91 0 0 3 3.90
Gen 30 Mbps/5 0 1 4 3.91 0 0 2 3.91
Gen 30 Mbps/6 0 2 4 3.91 0 0 2 3.91
Gen 30 Mbps/7 0 1 3 3.91 0 0 3 3.90
Gen 30 Mbps/8 0 1 4 3.91 0 0 2 3.91
Gen 30 Mbps/9 0 2 2 3.91 0 0 2 3.91
Gen 30 Mbps/10 0 2 3 3.91 0 1.058 3 3.90
Gen 50 Mbps/1 0 1 7 3.91 0 0 3 3.90
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A1319% 4.2 Wlseuneu Tlsunsunwannvuununsesiioda JDSU Tagld CODEC G.729

(71@)
IUIU JDSU - Handheld (HST-3000) DQSMP
Background traffic loss(%) jitter(ms) delay(ms) MOS loss(%) jitter(ms) delay(ms) MOS
Gen 50 Mbps/2 0 3 7 3.91 0 0.441 2 3.90
Gen 50 Mbps/3 0 2 4 3.91 0 0.03 3 3.90
Gen 50 Mbps/4 0 2 4 3.91 0 1.536 4 3.90
Gen 50 Mbps/5 0 2 5 3.91 0 0.802 4 3.90
Gen 50 Mbps/6 0 2 5 3.91 0 1.793 4 3.90
Gen 50 Mbps/7 0 1 4 3.91 0 0.817 4 3.90
Gen 50 Mbps/8 0 1 5 3.91 0 1.022 4 3.90
Gen 50 Mbps/9 0 1 5 3.91 0 3.045 3 3.90
Gen 50 Mbps/10 0 1 5 3.91 0 0.81 5 3.90
Gen 80 Mbps/1 0 2 5 3.91 0 3.258 5 3.85
Gen 80 Mbps/2 0 2 8 3.91 0 3.473 6 3.97
Gen 80 Mbps/3 0 2 6 3.91 0 2.976 5 3.85
Gen 80 Mbps/4 0 1 7 3.91 0 3.298 7 3.97
Gen 80 Mbps/5 0 2 6 3.91 0 3.024 6 3.97
Gen 80 Mbps/6 0 2 8 3.91 0 1.719 5 3.85
Gen 80 Mbps/7 0 1 7 3.91 0 1.99 7 3.97
Gen 80 Mbps/8 0 2 7 3.91 0 1.017 6 3.97
Gen 80 Mbps/9 0 2 5 3.91 0 1.35 6 3.97
Gen 80 Mbps/10 0 2 7 3.91 0 1.816 7 3.97
Gen 90 Mbps/1 1 2 8 3.91 0.4 0.49 7 3.86
Gen 90 Mbps/2 0 2 8 3.91 0.6 0.209 7 3.86
Gen 90 Mbps/3 0 2 5 3.91 0.6 0.36 8 3.90
Gen 90 Mbps/4 0 2 7 3.91 0.3 1.488 9 3.95
Gen 90 Mbps/5 0 2 5 3.91 0 1.513 8 3.90
Gen 90 Mbps/6 0 2 5 3.91 0.4 2.086 6 3.86
Gen 90 Mbps/7 0 2 7 3.91 0.4 2.548 8 3.95
Gen 90 Mbps/8 0 2 8 3.91 0.4 1.748 9 3.95
Gen 90 Mbps/9 0 2 8 3.91 0 2.025 8 3.90
Gen 90 Mbps/10 0 2 8 3.91 0.2 2.06 7 3.86
Gen 100 Mbps/1 2 2 8 3.91 1.6 3.578 9 3.82
Gen 100 Mbps/2 2 2 1 3.91 1.8 3.35 8 3.95
Gen 100 Mbps/3 2 2 7 3.91 1.4 1.317 9 3.82
Gen 100 Mbps/4 2 1 1 3.91 12 1.993 8 3.95
Gen 100 Mbps/5 2 2 1 3.91 1.6 1.859 10 3.82
Gen 100 Mbps/6 1 2 8 3.91 1.4 3.276 8 3.95
Gen 100 Mbps/7 0 2 8 3.91 1.2 1.719 8 3.95
Gen 100 Mbps/8 0 2 8 3.91 1.4 2.975 9 3.84
Gen 100 Mbps/9 2 2 8 3.91 0.8 3.44 8 3.95
Gen 100 Mbps/10 1 2 8 3.91 1.4 1.719 8 3.95
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Y JDSU - Handheld (HST-3000) DQSMP
Background traffic loss(%) jitter(ms) delay(ms) MOS loss(%) jitter(ms) delay(ms) MOS
Gen 30 Mbps/1 0 3 3 3.57 0 0 3 3.57
Gen 30 Mbps/2 0 3 3 3.57 0 0 2 3.57
Gen 30 Mbps/3 0 3 2 3.57 0 0 3 3.57
Gen 30 Mbps/4 0 3 3 3.57 0 0 3 3.57
Gen 30 Mbps/5 0 3 4 3.57 0 0 4 3.57
Gen 30 Mbps/6 0 3 5 3.57 0 0 4 3.57
Gen 30 Mbps/7 0 5 3 3.57 0 0 4 3.57
Gen 30 Mbps/8 0 5 3 3.57 0 0 3 3.57
Gen 30 Mbps/9 0 5 2 3.57 0 0 4 3.57
Gen 30 Mbps/10 0 4 4 3.57 0 0 4 3.57
Gen 50 Mbps/1 0 3 6 3.57 0 0.916 5 3.56
Gen 50 Mbps/2 0 3 6 3.57 0 0.377 6 3.56
Gen 50 Mbps/3 0 4 5 3.57 0 0.299 5 3.56
Gen 50 Mbps/4 0 4 5 3.57 0 0.858 6 3.56
Gen 50 Mbps/5 0 3 8 3.75 0 0.409 5 3.56
Gen 50 Mbps/6 0 4 8 3.57 0 0.831 6 3.56
Gen 50 Mbps/7 0 3 5 3.57 0 0.277 5 3.56
Gen 50 Mbps/8 0 3 8 3.57 0 0.409 6 3.56
Gen 50 Mbps/9 0 4 8 3.57 0 0.858 5 3.56
Gen 50 Mbps/10 0 4 8 3.57 0 0.916 7 3.56
Gen 80 Mbps/1 0 3 6 3.53 0 2.398 5 3.56
Gen 80 Mbps/2 0 3 6 3.53 0 1.623 6 3.56
Gen 80 Mbps/3 0 3 6 3.54 0 1.224 7 3.56
Gen 80 Mbps/4 0 4 7 3.54 0 1.623 6 3.56
Gen 80 Mbps/5 0 4 5 3.53 0.2 2.188 6 3.54
Gen 80 Mbps/6 0 4 6 3.53 0 2.188 6 3.56
Gen 80 Mbps/7 1 3 7 3.53 0.4 2.253 6 3.51
Gen 80 Mbps/8 0 3 6 3.53 0 2.656 5 3.56
Gen 80 Mbps/9 0 3 7 3.53 0 1.988 7 3.56
Gen 80 Mbps/10 0 3 7 3.53 0.2 1.224 6 3.54
Gen 90 Mbps/1 0 4 8 3.53 0.1 2.231 9 3.54
Gen 90 Mbps/2 0 4 1 3.44 0.4 2.275 9 3.51
Gen 90 Mbps/3 0 4 1 3.43 0.4 2.761 10 3.5
Gen 90 Mbps/4 0 4 1 3.44 0.2 3.351 I 3.52
Gen 90 Mbps/5 0 4 8 3.63 0.3 3.586 8 3.52
Gen 90 Mbps/6 0 5 1 3.44 0.2 3.338 7 3.53
Gen 90 Mbps/7 0 3 7 3.53 0.2 2.519 10 3.53
Gen 90 Mbps/8 0 4 8 3.53 0.4 2.761 8 3.51
Gen 90 Mbps/9 0 3 8 3.43 0.2 3.825 8 3.53
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Y JDSU - Handheld (HST-3000) DQSMP
Background traffic loss(%) jitter(ms) delay(ms) MOS loss(%) jitter(ms) delay(ms) MOS
Gen 90 Mbps/10 0 3 11 3.53 0.1 2.687 9 3.54
Gen 100 Mbps/1 1 3 9 3.21 0.72 2.158 8 3.37
Gen 100 Mbps/2 1 3 9 3.21 0.53 3.948 12 3.38
Gen 100 Mbps/3 1 4 6 3.25 0.68 3.253 11 3.37
Gen 100 Mbps/4 2 4 7 3.25 0.42 2.68 8 3.41
Gen 100 Mbps/5 2 3 10 3.16 0.6 3.524 8 3.38
Gen 100 Mbps/6 2 3 10 3.16 0.98 4.21 10 3.33
Gen 100 Mbps/7 1 4 8 3.44 0.88 4.12 10 3.34
Gen 100 Mbps/8 1 4 12 3.44 0.98 4.12 8 3.24
Gen 100 Mbps/9 2 3 6 3.44 0.58 3.532 8 3.38
Gen 100 Mbps/10 2 3 12 3.35 0.68 3.332 11 3.37

61

d‘ A o 9 !
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M35199 4.4 fSeufeuannae (Average) vosdualsare q laoly CODEC G.711

U loss(%) delay(ms) jitter(ms) MOS
Background traffic JDSU DQSMP JDSU DQSMP JDSU DQSMP JDSU DQSMP
Gen 30 Mbps/1 0 0 4.7 5 2.4 0.0153 4.065 4.097
Gen 50 Mbps/2 0 0 7 6.2 2.1 0.1631 4.102 4.09
Gen 80 Mbps/3 0 0.483 10.7 8.2 2.7 1.2577 4.078 4151
Gen 90 Mbps/4 0 0.765 10.6 10.2 3.1 2.3312 4125 4123
Gen 100 Mbps/5 1.7 1.71 9.5 10.9 2.7 2.2371 3.906 3.939

M15199 4.5 nlSoufsuaniounuaasgIu (Stdev) vodaulsane 9 Taeld CODEC G.711

UIU loss(%) delay(ms) jitter(ms) MOS
Background traffic JDSU DQSMP JDSU DQSMP JDSU DQSMP JDSU DQSMP
Gen 30 Mbps/1 0 0 1.4944 1.943650 0.69920 0.048032 0.038369 0.004830
Gen 50 Mbps/2 0 0 1.8856 0.788810 0.316227 0.513310 0.053082 0
Gen 80 Mbps/3 0 0.333301 4.5958 2.699794 0.483045 0.500936 0.078570 0.027264
Gen 90 Mbps/4 0 0.517284 4.1419 2.485513 0.737864 1.127731 0.051261 0.044234
Gen 100 Mbps/5 0.82327 | 0.347850 2.2730 0.994428 0.483045 0.96846 0.089839 0.034785




M13197 4.6 W3euieua1nae (Average) ¥o4da4l5619 ) Taelds CODEC G.729

U loss(%) delay(ms) jitter(ms) MOS
Background traffic JDSU DQSMP JDSU DQSMP JDSU DQSMP JDSU DQSMP
Gen 30 Mbps/1 0 0 3.4 2.4 1.3 0.1058 3.91 3.906
Gen 50 Mbps/2 0 0 5.1 3.6 1.6 1.0296 3.91 3.9
Gen 80 Mbps/3 0 0 6.6 6 1.8 2.3921 3.91 3.934
Gen 90 Mbps/4 0.1 0.33 6.9 7.7 2 1.4527 3.91 3.899

Gen 100 Mbps/5 1.4 1.38 8.8 8.5 1.9 2.5226 3.91 3.9

A15199 4.7 WlSouifeuaniouuuInsgIu (Stdev) voudausas 9 Taeld CODEC G.729

U loss(%) delay(ms) jitter(ms) MOS
Background traffic JDSU DQSMP JDSU DQSMP JDSU DQSMP JDSU DQSMP
Gen 30 Mbps/1 0 0 0.699205 | 0.516397 | 0.483045 | 0.334568 0 0.007163
Gen 50 Mbps/2 0 0 1100504 | 0.843274 | 0.69920 | 0.909949 0 0
Gen 80 Mbps/3 0 0 1.074967 | 0.816496 | 0.421637 | 0.906919 0 0.057965
Gen 90 Mbps/4 0.316227 | 0.211081 1.370320 | 0.948683 0 0.820348 0 0.039285
Gen 100 Mbps/5 0.843274 | 0.274064 1549193 | 0.707106 | 0.316227 | 0.874211 0 0.064807

M13197 4.8 1WSeuReuA1nae (Average) ¥94da1)5019 9 Taely CODEC GSM

MUY loss(%) delay(ms) jitter(ms) MOS
Background traffic JDSU DQSMP Josu DQSMP Josu DQSMP Josu DQSMP
Gen 30 Mbps/1 0 0 32 34 37 0 357 3.57
Gen 50 Mbps/2 0 0 6.7 5.6 3.5 0.615 3.57 3.56
Gen 80 Mbps/3 0.1 0.08 6.3 6 33 1.9365 3.532 3.551
Gen 90 Mbps/4 0 0.25 9.4 8.9 38 2.9334 3.493 3.523
Gen 100 Mbps/5 15 0.705 8.9 9.4 34 3.4877 3.291 3.357

M15199 4.9 nfSoufeuaniiouuuaTgIu (Stdev) voedulsas 9 Taeld CODEC GsSM

AUIU loss(%) delay(ms) jitter(ms) MOS
Background traffic JDSU DQSMP JDSU DQSMP JDSU DQSMP JDSU DQSMP
Gen 30 Mbps/1 0 0 0.918936 0.699205 0.948683 0 0 0
Gen 50 Mbps/2 0 0 1.418136 0.699205 0.527046 0.279199 0 0

Gen 80 Mbps/3 0.316227 0.139841 0.674948 0.666666 0.483045 0.491242 0.004216 0.016633

Gen 90 Mbps/4 0 0.117851 1.712697 1.197219 0.632455 0.555544 0.067173 0.013374

Gen 100 Mbps/5 0.527046 0.189106 2.183269 1.577621 0.516397 0.669683 0.115897 0.046678
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12 Session Call ( 1056 Kbps ) 0.13 15.513 13 4.15
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A13197 4.12 A1 MOS 119311491 Call Session 1NNYU I UATOUIBNT background traffic 100%

Loss (%) Jitter (ms) Delay (ms) MOS

1 Session Call ( 88 Kbps ) 0.12 19.036 157 4.02
2 Session Call ( 176 Kbps ) 0.21 25.036 136 4.02
4 Session Call ( 352 Kbps ) 0.34 16.386 137 4.02
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