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During the past few years, design of experiments (DOE) has been gaining acceptance in the telecom-
munications research community as a mean for designing and analyzing experiments economically and
efficiently. In addition, the need for introducing a systematic robust design methodology (i.e., one of the
most popular DOE methodologies) to network simulations has been increasing. In this paper, we present
an architecture of voice over IP (VoIP) application and the E-Model for calculating the perceived quality of
service (QoS). Then, we apply the Taguchi robust design methodology to optimize the perceived QoS of
VoIP application, and describe the detailed step-by-step procedures. We have used as2 simulator to col-
lect experimental data in which the SN ratio, a robustness measure, is analyzed to determine an optimal
design condition. The analysis shows that “initial delay time in playout buffer” is a major control factor for
ensuring robust behaviors of the perceived QoS of VoIP. Finally, we verify the proposed optimal design
condition using a confirmation experiment.
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Figure 1. VoIP application architecture
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Table 1. Provisional examples for the advantage factor A

A Maximum
Communication system example
value of A
Conventional (wirebound) 0
Mobility by cellular networks in a building 5
Mobility in a geographical area or moving in a 10
vehicle
Access to hard-to-reach locations, e.g., via 2
multi-hop satellite connections
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Table 2. Relationship between R-value and MOS

. R-value
User satisfaction (lower limio) MOS, o
Very satisfied 90 4.34
Satisfied 80 4.03
Some users dissatisfied 70 3.60
Many users dissatistied 60 3.10
Neatly all users dissatisfied 50 2,58
Table 3. Control factors and their levels
Control o Levels
Description
factors 1 I 1L
A Type of encoder G.711 |G.723.1| G.729A
Size of play-out buffer
B . 5 15 25
(in frames)
C Frames per payload 1 3 5
D Initial delay time (sec.) 0.05 0.15 0.25
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Table 4. Noise factors and their levels
Noise o Levels
Description
factors 1 i
U Propagation delay 10 60
Vv The number of TCP connections 60 100
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Figure 2. Structure of robust design experiment
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Table 5. SN ratios of MOS
Exp. i Yi11 Yio1 Yiz1 Yis1 SN,
1 1.255 1.436 1.332 1.244 2.873
2 3.759 2.814 2.325 1.805 7.671
3 1.286 1.153 1.097 1.035 1.467
4 4.033 3.059 2.790 2.092 8.755
5 1.477 1.434 1.184 1.381 2921
6 1.122 1.000 1.069 1.000 1.078
7 4.174 2.947 2.997 2.062 8.730
8 1.127 1.000 1.082 1.000 1.207
9 1.464 1.616 1.164 1.197 2.806
10 4.033 3.059 2.790 2.092 8.755
11 4.098 2.760 2.599 1.825 7.846
12 1.243 1.165 1.139 1.054 1.558
13 4.174 2.947 2.997 2.062 8.736
14 1.444 1.840 1.289 1.341 3.337
15 3.642 2.572 2.020 1.594 6.563
16 4.445 2.804 3.541 1.994 8.954
17 3.955 2.862 2.400 1.805 7.769
18 3.474 2.482 2.112 1.563 6.557
19 4.174 2.947 2.997 2.062 8.736
20 4.102 2.672 2.968 1.803 8.216
21 3.642 2.572 2.020 1.594 6.567
22 4.445 2.804 3.541 1.994 8.968
23 3.955 2.862 2.400 1.805 7.769
24 3.809 2.545 2.208 1.588 6.768
25 4.033 3.059 2.790 2.092 8.755
26 4.098 2.760 2.599 1.825 7.853
27 1.487 1.732 1.244 1.276 3.440
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(ANOVA, analysis of variance) S 3] B 7} 4= It} <Table 6>
o) - MOSgH) sNulo] g #4124 Aele). DFE
A% (degree of freedom)’, ‘SS’+= )35 EH(sum of squares)’, ZLE]
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o] A p-Zko] 0.05H.TF 2 (0.874), BG0.226), L€] 31 BI0.500)

= 54T 02 fol8hA e Bekn Bekd,
Table 6. Analysis of variance for SN ratio
Source DF SS MS Iy P P
A 2 40.643 | 20.321 17.78 | 0.003 | 17.81
B 2 53.046 | 26.523 | 23.21| 0.001 | 23.57
C 2 0.315 0.158 0.14| 0.874 | -0.92
D 2 73.856 | 36928 | 32.31| 0.001 | 33.23
BC 4 7.806 1.952 1.71] 0.226 1.50
BD 4 4.304 1.076 0.94| 0.500 | -0.12
D 4 28.561 7.140 6.25| 0.025 | 11.14
Error 6 6.857 1.143
Total 26 | 215.388
pe 7 B3V} SNH| o) W] driy B2 7] E sk
ehile Tlel ol 7 E3he] 7lelE pp e The T 2

o] A4kt 4= 91 THTaguchi and Yokoyama 1993).

SSgfe “DFgrreq * M

SSTotal

S irror
B0 5100 (%)

)

PEffect —

%M g G337} SNuj 9] WEo] Be 7o E lar
= A& gttt &, Ao AR DA M TS 7] 29
%ﬁﬂﬂ} SNH] €] %011 7V B 719 E 3har k.
AR S 58 AR 4, B D, 123 arh BAAH LR
fFosiths 220 REH U, o AN BAHOE &

4



ALY Az 457 B F

AR sl HA 7S Aot WA aQlay
Bl 2 AojQ1Ate] F W] ©HE sNH| o] WshE v}
T}, <Figure 4> F 57} 8187 T oW 3 W A]
ER 32 1tk

e 19 b1 o
ot ok

T

A B

//’

o
1

l

I\

SIS
w

SN ratios
-
~
w

o N ™
L 1 h L

S
AN

1 2 3 1 2 3

S
H

Figure 4. Main effect plots

<Figure 4>0l| A] H= u}o} o] A9 24, B 345, ¥ 3
FF, 28)al D] 1ol A SNHI ] = W Hio] 7MY =
oh 2R Ao g5, = FAYOR felsha g

A2 Yeo vz o] A £E& 2487 HelX @9
ﬂiﬁf‘%‘ }5_31]_ Q o TE H/le _ﬂ_g_yl. r/].

<Figure 5>+ W52 (O] &7}l tjg Q31 F Aot}
D} 15:%0]3 O} 2 %n¢%4@T¢¢g aﬂqt
0%011 1) 53 A & 5 vk @ 58 Htol el

%9) 268190 35:79] HE.8121T) B|A s }e} 27] o)
<ﬂ@M$ééA§ FEoT AR

(RN

tt9

SN ratios
o

1 2 3
¢

Figure 5. Interaction plots for CD

AZAOoZ, AHEAF B9 FA sl A M} ofF
A o)A gerle AAY HA 202 AZH Y THY 254
T(G.723.1), BAAY W39 A7) 35E(15 ZE ), asAl
AEEE o4 28 P9 2576 Zd 9, 182 D H
27 99 o)) 154-3(0.05 sec)o| Tk

A XS AT AR AA N AT 101

4345 9

mE dA RN, HA 238 2Ese BN A
783t B0 SAH 2 WA Tl 1% At 2

sty A% Aabe F71 A9 FHeta, A 23] snu)

Bl W3t o= 7}0 Atehs FAY oz ofFolint. &
WA o7 HA 27 AFo] AAHR] ke AcaH A

A 209X F7 A8 s "ok

HA 270X h3| HHEste] 271 AP-S FPshd, A
O p7)e] SNHIE AA H a1, o] w) HH ﬁoﬂ 3l 100
(1-a)% 4dF 7= Wﬁlﬁ} SNoj o = S|
A% A9 e Ao g dadit) SN 9| 100( -

THE AlLkehe W2 Taguchi(1986)0]) ZHA| 3] 227 = o] Tk

B AFdM e HF 2000 A F7H AR S 13 S}
FEE FAHEA O A ARR-EE AT} B 6} 0.056%)2 4
B3taL, 95% o5 FHs At F71 A 53l A2 SN
|9} vl mBhe) S/} Ao A AL SNH] = 10.41601111 95% ¢
= F7HO1(8.581, 14.103) Aol ol E s+t whekd A3 Ay}
E}ga-S gl 4= 9tk <Figure 6>& 327} A& oA 13t
7t R 22000 thigk MOS 31 B EFHAE YER L

12

T

AT
! !
Figure 6. MOS of the i-th traffic
R B EREDE LSS LT REE E R
3oL, 2] 274 2 4 9 MOs ghol Hit 350|122 ¢
AR ARE 7 st AR Ak Fd 71EMOST) 3.2 1
Zdvin B9E 5 o

5. &

B A7 ), AH8A BHAA e Aste) FAE A7
slsle QAAEYl M3} o Zg Aol AAE S8 7 A
1S Hg3isich DA, Qe A} oS oM 74
7153 AFEAE B 9] A ZA35}H7] 913 E-Model’ 2] A4k
F9L 2k heo.2, 47 A TS A 49 4
AZSE B4 S o) g3te] A 02 folR FaT e W



102 ik R

32489 B34S gpefata Al W3t ofFeA o] HA
AA S EESIT ARY 0, Y FE2 G231 2
g5 ARgetaL, A wei el 2715 15 2 Y es AAetaL3
el 54 T 9S sfuke] 7l Hol sk, wue 2
71 2012 0.052 & AA3h= Aol

PR FAE ks §A AlAF oy ARl AE AAst
7] Aol 2871 Bestar, AA AxFlo] 755 ot A
glo] B715e Aatol M HAEHZ Agou A &g o] Xd
e oEE=T7} w2 o] AMdoltt AlEdolis A4 4%
94 Atolel| A BATH= MEo] N AH = ARl AE G o]
& A0 AA 7S 8ot T A 2E AR glo] AA
e =Y T 0k wehA, AR RIS Al st
A &R - 8A A &8 7t & AR | Enh

fr ox H
oft ﬁ F
> o

FF AT FAZA, £ Ao el IALN 5
o 71YS Agdte] JUF A4 2AL WY FAZ A
AsA) Bk HEA FARA A E Felg Aoz
B8 Aol sl 9 AN ARE $F FIA A7
2AE QG olsh 2& o] “TH] RS 2 e
WY Qo] thalE BAE orlaA @2 4 ook
o) 448 AclaAe] delE 448 27 22 B} 94
& 2700) £ = B33 o]l 2AL A 3A] 13
£ A9 28 5 ook S, B AToly ohea A ghe
A2 s} Ago] FH T e T TFete] 24 L
S AR o) YE 7 FAl PhATe.R, 2AQ

9,1

EJull 1 3KMobile VoIP)(Liao 1999)2] AFg-0] M2} S 5|11
oug Fdnd X AHY M3t F4 HAE o] Q=
AT FA ot

A R
e

Atzori, L. and Lobina, M. L. (2006), Playout buffering in IP telephony : a sur-
vey discussing problems and approaches, JEEE Communication Surveys
Tutorial, 8(3), 36-46.

N

LRE R

Bacioccola, C., Cicconetti, C., and Stea, C. (2007), User-level performance
evaluation of VoIP using ns-2, Proceedings of Workshop on Network
Simulation Tools 2007, Nantes, France.

Blake, S., Black, D., Carlson, M., and Davies, E. (1998), An architecture for
differentiated services. IETF RFC 2475.

Cole, R. G. and Rosenbluth, J. H. (2001), Voice over IP performance monitor-
ing, ACM CCR, 31(2), 9-24.

Gendy, M. E., Bose, A., Wang, H., and Shin, K. G. (2003), Statistical charac-
terization for per-hop QoS. Proceedings of International Workshop on
Quality of Service, 21-40.

Heidemann, J. and Mills, K. (2001), Expanding confidence in network simu-
lations, IEEE Network, 15(5), 58-63.

ITU-T Recommendation G.107. (2005), The E-model, a computational
model for use in transmission planning.

Liao, W. (1999), Mobile Internet telephony protocol : an application layer
protocol for mobile Internet telephony services, Prowedings of IEEE
Internatianal Conference on Conrmunications ICC *99, 1, 339-343.

Montgomery, D. C. (2005), Design and Analysis of Experiments, 6th ed.,
Wiley : New York, NY.

Myers, R. H. and Montgomery, D. C. (1995), Response Surface Methodology
: Process and Product Optimization Using Designed Experiments,
Wiley-Interscience : New York, NY.

Myers, R. H., Khuri, A. I, and Vining, G. (1992), Response surface alter-
natives to the Taguchi parameter design approach, The Americin
Statistiaan, 46(2), 131-139.

NS-2. (2008), http://nsnam.isi.edu/nsnam/index.php/Main_Page.

Phadke, M. S. (1989), Quality Engineering Using Robust Design, Prentice
Hall : Englewood Cliffs, NJ.

Taguchi, G. (1986), Introduction to Quality Engineering, Asia Productivity
Organization : Tokyo.

Taguchi, G. and Konishi, S. (1959), Design of Experiments Using Orthogo-
nal Tables, Union of Japanese Scientists and Engineers : Tokyo, Japan.

Taguchi, G. and Konishi, S. (1992), Taguchi Methods :
Development, ASI Press : Dearborn, MI.

Taguchi, G. and Yokoyama, Y. (1993), Taguchi Methods
Experiments, ASI Press : Dearborn, MI.

Yoon, H. S. and Yum, B. J. (2007), Robust design of communication systems

Research and

: Design of

: The case of expedited forwarding of voice traffic in differentiated services
networks, [nternational Journal of Communication Systens, 20, 1131-1154.

Ziviani, A., Rezende, J. F., and Duarte, O. C. M. B. (2002), Evaluating the ex-
pedited forwarding of voice traffic in a differentiated services network,
International Journal of Conmuniation Systes, 15, 799-813.



EFEEERTIEEEESE

&84

Faer129 AT o)

Faes1e9 AT A}

S aetr1% 9 ATt uha}

A7) KT Z29a7a A9a719

POk B4 A28 E4 43, 497
g, vtjo] TAE A

ARz
FR|eq A2 )
27149 A71RAATE AR}
149 AILARBE vkl
R EER R Rt e R

HA Rol: E?,HJJ Jq-a EAYELYT

RN

103

771t Azgety gt

SYiEdista A7) FHEEE AAL

FAAAEAN AT YEYIATL A7Y

A dddisty HAFE G vApgA

B Eok eyl ExtAo}, HE wt]o]
AFE, Al=d Hot




