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ABSTRACT

This thesis studied the factors that effect to Quality of Service (QoS) of VoIP service.
This research also summarizes the maximum number of VoIP calls with acceptable QoS (MOS is
greater than 3.50) under rural, sub-urban and urban environment. This research simulates pure
VoIP and VoIP with background data traffic (FTP type) 20 and 40 percents of channel capacity
11 Mbps, distance between APs are 100 and 200 meters, G.729 voice CODEC, power
transmission is 100 mW and using Nakagami model in the computer model of capacity of VoIP
system over grid-typed wireless mesh networks with multi-hop. So, a service provider can
evaluate the cost-effectiveness of this wireless mesh network before the practical installation.

The results show that the effective distance between APs for deploying VoIP in
wireless mesh networks is about 100 meters. The main factors that affect to QoS could be
summarized into two cases. Firstly, in the case of 1 and 2 hops, the main factor is the packet loss.
Secondly, in the case of 3, 4 and 5 hops, the main factor is end to end delay. Moreover, serving
VoIP over the network in rural area without background data traffic and with 20% of FTP-typed
background traffic can support up to 5 hops. However, it will be dropped to be 4 hops when FTP-
typed background is about 40%. Serving VoIP over the network in sub-urban area without
background data traffic and with 20% of background traffic can support up to 2 hops. However, it
will be dropped to be 1 hop when FTP-typed background is about 40%. Finally the system cannot

be used for serving VolP traffic over the network in an urban environment area.
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: A. Ubaid & A. Ksentini. (2008, June). Deployment of VoIP in the IEEE 802.11s Wireless Mesh Networks.

Computer Science. France: University of Rennes.

} ITU-T. (2003). ITU-T Recommendation G.114: One-way transmission time International Telecommunication Union:
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“ITU-T. (2003, March). ITU-T Recommendation G.107: The E-Model a computational model for use in transmission planning.
Retrieved March 2011, from https://www.itu.int/itu-t/recommendations/rec.aspx?id=9730.

*ITU-T. (2001). ITU-T Recommendation G.113: Transmission impairments due to speech processing. Retrieved March 2011,

from http://www.itu.int/itu-t/recommendations/rec.aspx?id=9273.
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'Pp. Dely. (2007, June). Adaptive Aggregation of Voice over IP in Wireless Mesh Networks. Computer Science. Sweden:
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*ITU-T. (2003, March). ITU-T Recommendation G.107: The E-Model a computational model for use in transmission planning.
Retrieved March 2011, from https://www.itu.int/itu-t/recommendations/rec.aspx?id=9730.

*R. Cole & J.H. Rosenbluth. (2001, April). “Voice over IP performance monitoring”. ACM SIGCOMM Computer
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“ M. Gidlund and J. Ekling. (2008, November). “VoIP and IPTV distribution over wireless mesh networks in indoor environment”.

IEEE Transactions on Consumer Electronics. Volume 54, Number 4. p.1665 - 1671.
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[~ 1 [ 1 [
2) uuaumsdauy VoIP Uszinnifien aznsa VoIP 59N U Background data
<3
traffic  13521AM FTP  (File  Transfer  Protocol) 20 uag 40 1Uo31Fudvosvuia
oI Y194 11 Mpbs.
A o -~ 9 o d A s < kS AA g
3) ududsnamslgau Insdniiudwaeiiia nelunsaiiunuy hop
1987 1azuUY multi-hop IUNTENIAMYBI MOS @111 3.50
Y 1 < o A o Y A o
4) 1991 pathloss exponent (Alpha) HudianmvuaannuIadonAaMUUALLY

outdoor free space %30 rural area 9@ Alpha = 2, 1111 sub-urban area T4an Alpha = 2.4

¥ o
v A o=

o w A < & 91 9y =X
AU L‘Wi131‘1!‘]15]1]“”‘1!11Wu‘ﬂ‘ﬂlﬂulﬁuﬁﬂﬂ“]qfll“]fu, iU urban area 61,“]5?]1 Alpha = 2.8 11879
o a 4 ~ Y 1
Lﬂil1Wﬁﬂ1§‘ﬂﬂﬁ@\31ﬂ'§m51$WWﬁ‘ﬂul,ﬂsl,u‘]JWG]@Vlﬂ
9y . = AR Ao ' < <3 ' a ~ '
5) Gl“]f Voice encoder A9 G.729 NHINDATINITEAN 50 LLNALDAAD 1 IUIN LAZLUA
3 3 A 9 A & . A o
azUNANANVYUIA 20 Bytes Tael% UDP traffic 7111111 Constant bit rate (CBR) NULAIINIL
On AAvANALLANoTINTaIToyaMINY 8 kbps W38H159W overhead NN0E1992 1@ Voice
Payload Size 20 bytes + Layer2 Overhead 18 bytes Layer2 Overhead including CRC + IP Header
Overhead 20 bytes + UDP Header Overhead 8 bytes + RTP Header Overhead 12 bytes = Total
. I a 1 a = 1 v A A
Packet Size 78 bytes uauiludaneIuNIzmny 78 * 8 *50 = 31.2 Kbps Tas#A1 R-Factor 1
vouuladeqlid1n1 70 W3eA1 E-model Hoausy ladns ludinai 3.50°
@ J 1 I3
6) ‘lJuTﬂﬂﬂTlJ%ﬂl@ﬂ‘]JW!Wﬂi‘Uﬂﬂ Linksys WRT54G series3 'ﬁ"’llﬂ?ﬂ‘l]’f)\iﬁuﬂﬂﬂ’ﬂllﬁ]'l
E4
NNY 8 MB. Lmzmminﬁmm"lﬁ’mﬁm Maximum transfer unit (MTU) tN10U 1500 Bytes
9 ) P ] o [ [ <3
ﬁ]%ulWlJLﬂﬂﬂ’J”IiJfg‘lJ’fN‘UV‘ILV‘I’E)?VINW‘IJ’JEJ?UT&J%TWI"IWU 8 MB. (8MB/1500B) tN10U 5333 WA
< a a o’dy 9 o < . . o 1 Aa 4
IN§ “lmmmmuwmu“lwﬂwlmzﬂmmu First In First Out (FIFO) LaZNIUUAATNITIUNDT

VDITTUD AIA1T19N 3.2

"E.M. van Eenennaam, (2008, June). A Survey of Propagation Models used in Vehicular Ad hoc Network (VANET)
Research. Computer Science. Netherlands: University of Twente.

*ITU-T. (2001). ITU-T Recommendation G.113: Transmission impairments due to speech processing. Retrieved March 2011,
from http://www.itu.int/itu-t/recommendations/rec.aspx?id=9273.

’ Wikipedia. (2012, January). Linksys WRT54G series. Retrieved May 2011, from http://en.wikipedia.org/wiki/WRT54G.
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AGRG R 100 Jadind
FZITHITZNIN I UuA 100 1UA5 1A 200 AT
159U IEEE 802.11b 11 Mbps.
ANwBAALINg 2.4 GHz.

WaANUVesLiHves

S
5333 UWALNH

Propagation model

Nakagami model

Environment

Alpha =2 A0 Free space area
Alpha=2.4 A9 Sub-Urban area

Alpha=2.8 fi® Urban area

Vo9
suumsdaveya

UDP 20 Bytes tiag TCP 1500 Bytes
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1 ] I 1 [
5YELH9 100 1Az 200 1A LazuyudunTaIuuy VoIP  Usinnifed azn15ae VolP
1 1% S 3 o
59UNU Background data traffic 1/521A0 FTP (File Transfer Protocol) 20 11ag 40 1Uo5i5UAU04
1 [ = A o = 9 o g a =] %‘,
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N
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Y =-8.1X+70.1

*—61
Y =-6.1X + 48.5
B4

%

Y =-6.5X + 36.7
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Number of Hops

51U 4.1 Swauaehmnigaves VoIP luusas hop Y99 MIAd0N Alpha = 2 JUAIVDY

MOS $1A71 3.5 NTLELH9 100 IUATTZHIG AP
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Alpha 24
39
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—*— BG20
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MOS $1A71 3.5 NT28LH9 100 WATTLHIN AP

° H H 1 9) '
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Alpha 2.8
8
7 —*— BGO
\ Y=-1.6X+6.6
2 6 —*— BG20
<
O
« —4&— BG40
g 4
=
=}
Z 2 |
0 6 & —
! i Number of ngs 4 >
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S
\
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o H 4 1 9} '
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A13197 4.1 UdA9AT Loss 14a¢ End to end delay Niinarhlya1 MOS @101 3.5 Tuisas hop N328LH1d 100 WATTEHING AP (79)

AL AD Difference
BG Alpha=2.8 Alpha=2.38 Alpha=2.38
H1 H2 H3 H4 H5 H1 H2 H3 H4 H5 H1 H2 H3 H4 H5
0 18.27 | 399.05 - - - 9.65 | 363.72 - - - 8.61 35.33 - - -
20 | 174.62 - - - - 5.34 - - - - 169.28 - - - -
40 | 42.16 - - - - 30.11 - - - - 12.05 - - - -
= v 'o 1 = 1 o a
*M_TRUIEHI A1 MOS §11D31 3.5 GD\‘]hl‘ll‘14!'lll'1‘1/‘IEDT3'"L1H

8%
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d‘ 1 [} [} d’d o Y :', 1 1 d‘ 1
A1519% 4.2 uaasmatenanniUnarii1iar MOS @1n 3.5 Tuuaaz hop NTEYLHIN 100 IUAT

F¥MI9 AP

Alpha =2
BG
Hop 1 Hop 2 Hop 3 Hop 4 Hop 5
0 Loss Loss Delay Delay Delay
20 Loss Loss Delay Delay Delay
40 Loss Loss Delay Delay Delay
Alpha =24
BG
Hop 1 Hop 2 Hop 3 Hop 4 Hop 5
0 Loss Loss Delay Delay Delay
20 Loss Loss Delay - -
40 Loss N - = -
Alpha =2.8
BG
Hop 1 Hop 2 Hop 3 Hop 4 Hop 5
0 Loss Loss - - -
20 Loss - - 4 -
40 Loss - - - -
= 1 o ' =2 1 o a
- RPN A1 MOS 91N 3.5 %\‘]thLﬂiﬂW%']ﬁﬂH




A13197 4.3 UAA9AT Loss 148¢ End to end delay Niinarih1ia1 MOS @101 3.5 Tuusiag hop N328LHe 200 WATTLHING AP

AL

AD

Difference
BG Alpha=2 Alpha =2 Alpha=2
H1 H2 H3 H4 H5 H1 H2 H3 H4 H5 H1 H2 H3 H4 H5
0 |837.62 | 112.57 | 146.37 | 180.65 | 1318.98 | 127.19 | 63.86 | 181.49 | 228.68 | 1968.25 | 710.44 | 48.72 | -35.12 | -48.02 | -649.26
20 | 81.67 7.87 20.29 | 5.07 3.47 3297 | 492 | 50.06 | 15.08 | 33.16 | 48.70 | 2.95 |-29.77 | -10.01 | -29.69
40 | 42.01 | 189.51 0.91 - - 12.04 | 4.15 12.57 - - 29.97 | 185.36 | -11.66 - -
Alpha=24 Alpha=2.4 Alpha=2.4
BG
H1 H2 H3 H4 H5 H1 H2 H3 H4 H5 H1 H2 H3 H4 H5
0 |951.27 | 1060.00 | 210.71 - - 159.60 | 172.86 | 265.53 - = 791.67 | 887.14 | -54.81 - -
20 | 296.90 - - - - 133.86 - - & - 163.04 - - - -
40 | 32.98 - - - - 17.09 - - = - 15.89 - = - -

* - " 1989 A1 MOS @ 3.5 39 hivhuninsan

(374



M13197 4.3 1AAIAT Loss 11a¢ End to end delay Niinam 1A MOS @1n1 3.5 Tuusiag hop N328LH14 200 WATILHIN AP (A9)

AL AD Difference
BG Alpha=2.8 Alpha=2.38 Alpha=2.38
H1 H2 H3 H4 H5 H1 H2 H3 H4 H5 H1 H2 H3 H4 H5
O - - - - - - - - - - - - - - -
20 - - - - - - - - - - - - - - -
40 - - - - - - - - - - - - - - -
= v 'o 1 = 1 o a
*M_TRUIEHI A1 MOS §11D31 3.5 GD\‘]hl‘ll‘14!'lll'1‘1/‘IEDT3'"L1H

4%
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d‘ 1 [} [ A:;A:l o P ; 1 1 d' 1
A1519% 4.4 naasmatenannUnariilial MOS @1n 3.5 Tuuaaz hop NTYLHN 200 IUAT

YN AP

Alpha =2
BG
Hop 1 | Hop 2 Hop 3 Hop 4 Hop 5
0 Loss Loss Delay Delay Delay
20 Loss Loss Delay Delay Delay
40 Loss Loss Delay - -
Alpha =24
BG
Hop 1 | Hop 2 Hop 3 Hop 4 Hop 5
0 Loss Loss Delay b -
20 Loss 3 - = -
40 Loss S - S -
Alpha =2.8
BG
Hop 1 | Hop 2 Hop 3 Hop 4 Hop 5
0 - - - - -
20 - - - = -
40 - - - - -

£ 14378949 A1 MOS 1071 3.5 39 liindiasan
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M50 4.5 naassauaeNuINNgaved VoIP Tuuaaz hop ¥0Uaaz @ 1MIIARDN Alpha

IUAIVDI MOS §1n071 3.5 NTLELHIT 100 UAT 1AL 200 IWATILHIN AP

FLOTUIMTEHIN AP = 100 (UAT | FLOTHITEHIN AP = 200 (UAT
BG Alpha =2 Alpha=2
Hl1 H2 H3 H4 HS5 H1 H2 H3 H4 HS5
0 61 55 47 36 30 55 30 19 9 4
20 40 37 34 24 16 32 21 10 5 1
40 30 25 16 10 5 22 11 1 0 0
Alpha=24 Alpha=24
BG
H1 H2 H3 H4 HS5 H1 H2 H3 H4 HS5
0 39 17 4 2 1 19 3 1 0 0
20 22 10 1 0 0 4 0 0 0 0
40 13 0 0 0 0 1 0 0 0 0
Alpha=2.8 Alpha=2.8
BG
H1 H2 H3 H4 HS5 H1 H2 H3 H4 H5
0 7 2 0 0 0 0 0 0 0 0
20 3 0 0 0 0 0 0 0 0 0
40 1 0 0 0 0 0 0 0 0 0
= 1 :, 1 =4 1 o a
* 10" ¥LNEDI A1 MOS @11 3.5 3 hhRITan
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VoIP Usginniag)
“hopfl 1 5iA1 Loss 810N Delay = 105.08%
2 hop‘ﬁ 2 {1 Loss 410N Delay = 376.67%
- hop‘ﬁ 3 31 Loss 10831 Delay = 85.96%
- hopi 4 $iA1 Loss 1708091 Delay = 70.28%
- hop‘ﬁ 5 31A1 Loss Hogn Delay = 54.11%
VoIP + BG 20%
= hop‘ﬁ' 1 §A1 Loss 41007 Delay = 115.46%
- hop‘ﬁ 2 {1 Loss 410N Delay = 11.25%
- hop‘ﬁ 3 31 Loss 081 Delay = 46.27%
- hop“ﬁ 4 %A1 Loss HogAN Delay = 14.45%
- hop“ﬁ 5 3A1 Loss Hon Delay = 8.90%
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- hop“ﬁ 1 A1 Loss 410NN Delay = 127.27%
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2) Lwﬁﬁwu%u
VoIP 1321an1087
- hop‘ﬁ 1 A1 Loss 410N Delay = 143.09%
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- hop‘ﬁ 3 31 Loss 1081 Delay = 115.44%
- hop‘ﬁ 4 3iM Loss toan Delay = 113.36%

- hop‘ﬁ 5 31A1 Loss Hogn Delay = 119.16%
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VoIP + BG 20%
- hop“ﬁ 1 A1 Loss 410NN delay =265.55%
- hop“ﬁ 2 11 Loss 410021 delay = 10.23%
- hop“ﬁ 331 Loss Hoenn Delay = 60.86%
VoIP + BG 40%
= hop‘ﬁ' 1 A1 Loss 4100 Delay = 22.26%
3) m@ﬁﬁgmu
VoIP Uszinniaen
- hop‘ﬁ 1 A1 Loss 410N Delay = 8.61%
- hop‘ﬁ 2 {1 Loss 410N Delay = 35.33%
- VoIP + BG 20%
= hop‘ﬁ 1 §A1 Loss 41007 Delay = 169.28%
VoIP + BG 40%
- hop‘ﬁ 1 A1 Loss 4100 Delay = 12.05%
fiszoyasendng AP #i 100 wasiiTasondn 2 nsliae nsalfi 1 fefi 1 1a 2 hop
223 loss rate 13Ut So1dn N3 Aif 2 Ao 3, 4 a2 5 hop 923 end to end delay Uy Sonani
#1137 MOS #1071 3.50
422 N3202419529919 AP 71 200 ATAD 9INA1519T 4.34.4
1) i laq
VoIP Uszinnifen
- hop‘l?i 1 A1 Loss 410NN Delay = 710.44%
- hop‘ﬁ 2 11 Loss 10N Delay = 48.72%
- hop‘ﬁ 3 3iA1 Loss oM Delay = 35.12%
- hop“ﬁ 4 3iA1 Loss oA Delay = 48.02%

- hop“ﬁ 5 3if1 Loss 1oen1 Delay =649.26%
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VoIP + BG 20%
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= 1 1

- hop¥ 2 YA Loss ¥1nNI1 Delay = 2.95%
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D

= 9 '
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3) Lﬂlﬁﬁijiﬁlﬂu
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Source code VDINHIVY

# Default general program

network = inet.examples.adhoc.aodv_mmap.mmap example
cmdenv-express-mode = true

tkenv-plugin-path = ../../../Etc/plugins

rmg-class = "cMersenneTwister"

tkenv-default-run=0

description = "Test for WMNs"

** debug = true

** module-eventlog-recording = true

# Set simulation time

sim-time-limit = 60s

# Keep log

** scalar-recording = true

# Set number of APs

* numHosts = 36

# If distance between APs 100 meters
* playgroundSizeX = 600 ## X = horizontal play ground size

[Distance between APs 100 meters, X = 600]
* playgroundSizeY = 600 ## Y = vertical play ground size

[Distance between APs 100 meters, Y = 600]
** host[0].mobility.x =0

** host[0].mobility.y = 0
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** host[1].mobility.x = 0

** host[1].mobility.y = 100
** host[2].mobility.x = 0

** host[2].mobility.y = 200
** host[3].mobility.x =0

** host[3].mobility.y = 300
** host[4].mobility.x = 0

** host[4].mobility.y = 400
** host[5].mobility.x =0

** host[5].mobility.y = 500
** host[6].mobility.x = 100
** host[6].mobility.y = 0

** host[7].mobility.x = 100
** host[7].mobility.y = 100
** host[8].mobility.x =100
** host[8].mobility.y = 200
** host[9].mobility.x = 100
** host[9].mobility.y = 300
** host[10].mobility.x = 100
** host[10].mobility.y = 400
** host[11].mobility.x = 100
** host[11].mobility.y = 500
** host[12].mobility.x =200
** host[12].mobility.y = 0
** host[13].mobility.x =200
** host[13].mobility.y = 100
** host[14].mobility.x = 200
** host[14].mobility.y = 200
** host[15].mobility.x =200
** host[15].mobility.y = 300

** host[16].mobility.x = 200
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** host[16].mobility.y = 400
** host[17].mobility.x = 200
** host[17].mobility.y = 500
** host[18].mobility.x = 300
** host[18].mobility.y = 0

** host[19].mobility.x = 300
** host[19].mobility.y = 100
** host[20].mobility.x = 300
** host[20].mobility.y = 200
** host[21].mobility.x = 300
** host[21].mobility.y =300
** host[22].mobility.x = 300
** host[22].mobility.y = 400
** host[23].mobility.x = 300
** host[23].mobility.y = 500
** host[24].mobility.x = 400
** host[24].mobility.y = 0

** host[25].mobility.x = 400
** host[25].mobility.y = 100
** host[26].mobility.x = 400
** host[26].mobility.y =200
** host[27].mobility.x = 400
** host[27].mobility.y = 300
** host[28].mobility.x = 400
** host[28].mobility.y = 400
** host[29].mobility.x = 400
** host[29].mobility.y = 500
** host[30].mobility.x = 500
** host[30].mobility.y = 0

** host[31].mobility.x = 500

** host[31].mobility.y = 100
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** host[32].mobility.x = 500
** host[32].mobility.y = 200
** host[33].mobility.x = 500
** host[33].mobility.y = 300
** host[34].mobility.x = 500
** host[34].mobility.y = 400
** host[35].mobility.x = 500

** host[35].mobility.y = 500

# If distance between APs 200 meters
* playgroundSizeX = 1200 ## X = horizontal play ground size
[Distance between APs 200 meters, X = 1200]
* playgroundSizeY = 1200 ## Y = vertical play ground size
[Distance between APs 200 meters, Y = 1200]
** host[0].mobility.x =0
** host[0].mobility.y = 0
** host[1].mobility.x = 0
** host[1].mobility.y = 200
** host[2].mobility.x = 0
** host[2].mobility.y = 400
** host[3].mobility.x = 0
** host[3].mobility.y = 600
** host[4].mobility.x = 0
** host[4].mobility.y = 800
** host[5].mobility.x = 0
** host[5].mobility.y = 1000
** host[6].mobility.x = 200
** host[6].mobility.y = 0
** host[7].mobility.x = 200

** host[7].mobility.y = 200
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** host[8].mobility.x = 200
** host[8].mobility.y = 400
** host[9].mobility.x = 200
** host[9].mobility.y = 600
** host[10].mobility.x = 200
** host[10].mobility.y = 800
** host[11].mobility.x =200
** host[11].mobility.y = 1000
** host[12].mobility.x = 400
** host[12].mobility.y = 0
** host[13].mobility.x =400
** host[13].mobility.y = 200
** host[ 14].mobility.x = 400
** host[ 14].mobility.y = 400
** host[ 15].mobility.x = 400
** host[ 15].mobility.y = 600
** host[16].mobility.x = 400
** host[16].mobility.y = 800
** host[17].mobility.x = 400
** host[17].mobility.y = 1000
** host[ 18].mobility.x = 600
** host[18].mobility.y = 0
** host[19].mobility.x = 600
** host[19].mobility.y = 200
** host[20].mobility.x = 600
** host[20].mobility.y = 400
** host[21].mobility.x = 600
** host[21].mobility.y = 600
** host[22].mobility.x = 600
** host[22].mobility.y = 800

** host[23].mobility.x = 600
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** host[23].mobility.y = 1000
** host[24].mobility.x = 800
** host[24].mobility.y = 0

** host[25].mobility.x = 800
** host[25].mobility.y = 200
** host[26].mobility.x = 800
** host[26].mobility.y = 400
** host[27].mobility.x = 800
** host[27].mobility.y = 600
** host[28].mobility.x = 800
** host[28].mobility.y = 800
** host[29].mobility.x = 800
** host[29].mobility.y = 1000
** host[30].mobility.x = 1000
** host[30].mobility.y = 0

** host[31].mobility.x = 1000
** host[31].mobility.y =200
** host[32].mobility.x = 1000
** host[32].mobility.y = 400
** host[33].mobility.x = 1000
** host[33].mobility.y = 600
** host[34].mobility.x = 1000
** host[34].mobility.y = 800
** host[35].mobility.x = 1000

** host[35].mobility.y = 1000

# Set UDP apps

** host[*].numUdpApps= AA ## AA = [Number of VoIP]
** host[0].udpAppType="UDPBasicBurst"

** host[1].udpAppType="UDPBasicBurst"

** host[2].udpAppType="UDPBasicBurst"



** host[3].udpAppType="UDPBasicBurst"

** host[4].udpAppType="UDPBasicBurst"

** host[5].udpAppType="UDPBasicBurst"

** host[6].udpAppType="UDPBasicBurst"

** host[7].udpAppType="UDPBasicBurst"

** host[8].udpAppType="UDPBasicBurst"

** host[9].udpAppType="UDPBasicBurst"

** host[10].udpAppType="UDPBasicBurst"
** host[11].udpAppType="UDPBasicBurst"
** host[12].udpAppType="UDPBasicBurst"
** host[13].udpAppType="UDPBasicBurst"
** host[14].udpAppType="UDPBasicBurst"
** host[15].udpAppType="UDPBasicBurst"
** host[16].udpAppType="UDPBasicBurst"
** host[17].udpAppType="UDPBasicBurst"
** host[18].udpAppType="UDPBasicBurst"
** host[19].udpAppType="UDPBasicBurst"
** host[20].udpAppType="UDPBasicBurst"
** host[21].udpAppType="UDPBasicBurst"
** host[22].udpAppType="UDPBasicBurst"
** host[23].udpAppType="UDPBasicBurst"
** host[24].udpAppType="UDPBasicBurst"
** host[25].udpAppType="UDPBasicBurst"
** host[26].udpAppType="UDPBasicBurst"
** host[27].udpAppType="UDPBasicBurst"
** host[28].udpAppType="UDPBasicBurst"
** host[29].udpAppType="UDPBasicBurst"
** host[30].udpAppType="UDPBasicBurst"
** host[31].udpAppType="UDPBasicBurst"
** host[32].udpAppType="UDPBasicBurst"

** host[33].udpAppType="UDPBasicBurst"
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** host[34].udpAppType="UDPBasicBurst"
**.host[35].udpAppType="UDPBasicBurst"
** host[0].udpApp[*].destAddresses="host[Y'Y]" ## Y'Y = [Destination hop]
** host[1].udpApp[*].destAddresses=""

** host[2].udpApp[*].destAddresses=""

** host[3].udpApp[*].destAddresses=""

** host[4].udpApp[*].destAddresses=""

** host[5].udpApp[*].destAddresses=""

*#* host[6].udpApp[*].destAddresses=""

** host[7].udpApp[*].destAddresses=""

** host[8].udpApp[*].destAddresses=""

** host[9].udpApp[*].destAddresses=""

** host[10].udpApp[*].destAddresses=""

** host[11].udpApp[*].destAddresses=""

** host[12].udpApp[*].destAddresses=""
**.host[13].udpApp[*].destAddresses=""

** host[14].udpApp[*].destAddresses=""

** host[15].udpApp[*].destAddresses=""
**.host[16].udpApp[*].destAddresses=""
**.host[17].udpApp[*].destAddresses=""
**.host[18].udpApp[*].destAddresses=""

*#* host[19].udpApp[*].destAddresses=""

*#* host[20].udpApp[*].destAddresses=""

*#* host[21].udpApp[*].destAddresses=""

** host[22].udpApp[*].destAddresses=""

** host[23].udpApp[*].destAddresses=""

** host[24].udpApp[*].destAddresses=""

** host[25].udpApp[*].destAddresses=""

** host[26].udpApp[*].destAddresses=""

** host[27].udpApp[*].destAddresses=""

** host[28].udpApp[*].destAddresses=""



** host[29].udpApp[*].destAddresses=""
** host[30].udpApp[*].destAddresses=""
** host[31].udpApp[*].destAddresses=""
** host[32].udpApp[*].destAddresses=""
** host[33].udpApp[*].destAddresses=""
** host[34].udpApp[*].destAddresses=""
** host[35].udpApp[*].destAddresses=""
** udpApp[*].localPort=1234

** udpApp[*].destPort=1234

** udpApp[*].messageLength= 20B

** udpApp[*].messageFreq = 0.02s

** udpApp[*].message freq jitter=0s

** udpApp[*].burstDuration = 0s

** udpApp[*].activeBurst=false

** udpApp[*].time_off=0s

** udpApp[*].time_begin = 0s

** udpApp[*].limitDelay =1000s

** udpApp[*].time _end=60s

# Set IP settings
** routingFile=""
** ip.procDelay=10us

** IPForward=true

# Set ARP configuration
** arp.retryTimeout = 1s
** arp.retryCount = 3

** arp.cacheTimeout = 120s
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# Set TCP Client

** host[0].numTcpApps=1 ## (on = 1/ off = 0), host [0] = [Source]
** host[0].tcpAppType = "TCPSessionApp"

** host[0].tcpApp[0].active = true

** host[0]*.tcpApp[0].port = 1235

** host[0]*.tcpApp[0].connectAddress = "host[ Destination hop]"
** host[0]*.tcpApp[0].connectPort = 1235

** host[0]*.tcpApp[0].tOpen = Os

** host[0]*.tcpApp[0].tSend = 0Os

** host[0]*.tcpApp[0].sendBytes = 16500KB ## BG = 20% = 16500KB, BG = 40% = 33000KB
** host[0]*.tcpApp[0].sendScript = ""

** host[0]*.tcpApp[0].tClose = 60s

** host[0].tcpApp[*].active = true

# Set TCP Destination apps.

** host[YY].numTcpApps =0 ## (on = 1/ off = 0), host [YY] = [Destination hop]
** host[YY].tcpAppType = "TCPSinkApp"

** host[YY].tcpApp[0].port = 1235

** host[YY]*.tcpApp[0].tClose = 60s

# Set TCP settings

** tcp.mss = 2000

** tcp.advertisedWindow = 28000

** tcp.delayedAcksEnabled = false

** tcp.nagleEnabled = true

** tcp.limitedTransmitEnabled = false
** tep.increasedl WEnabled = false

** tep.sackSupport = true

** tcp.windowScalingSupport = false
** tep.timestampSupport = true

** tep.tepAlgorithmClass = "TCPReno"



** tcp.sendQueueClass = "TCPVirtualDataSendQueue"
** tep.receiveQueueClass = "TCPVirtualDataRcvQueue"

** tcp.recordStats = true

# Set network interface card settings
** wlan.mgmt.frameCapacity = 5593

** wlan.mac.address = "auto"

** wlan.mac.maxQueueSize = 5593

** wlan.mac.rtsThresholdBytes = 3000B
** wlan.mac.bitrate = 11Mbps

** wlan.mac.basicBitrate = 1 1Mbps

** wlan.mac.retryLimit =7

** wlan.mac.cwMinData = 7

** wlan.mac.cwMinBroadcast = 7

** wlan.mac.opMode = 1 ## 802.11b

** wlan.mac.slotTime = 30us

# Set channel physical parameters

* channelcontrol.carrierFrequency = 2.4GHz

* channelcontrol.pMax = 100mW

* channelcontrol.sat = -85dBm

* channelcontrol.alpha = [rural =2, sub-urban = 2.4, urban =2.8]
* channelcontrol.numChannels = 1

** radio.carrierFrequency = 2.4 GHz

** wlan.radio.transmitterPower = 100mW

** wlan.radio.pathLossAlpha = [rural =2, sub-urban = 2.4, urban =2.8]
** wlan.radio.snirThreshold = 4dB

** wlan.radio.bitrate = 11Mbps

** wlan.radio.thermalNoise = -110dBm

** wlan.radio.sensitivity = -85dBm

** wlan.radio.phyOpMode = 2 ## 802.11b
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** wlan.radio.channelModel = 1
** wlan.radio.berTableFile = "per table 80211g_Trivellato.dat"

** broadCastDelay=uniform(0s,0.005s)

# Set routing protocol and propagation model

** manetrouting. manetmanager.routingProtocol = "AODV"
** propagationModel = "NakagamiModel"

** radio.nak_m =1

** channelNumber = 0
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