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This thesis proposes adding a coordinator node which acts as a redundant gateway
into wireless sensor network or WSN. The redundant gateway will immediately serve WSN when

the main gateway cannot operate. The propose method modifies the operation of routing protocol
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ABSTRACT

AODV. This study simulated the testing scenarios using program NS2.

The testing results found that the proposed method will improve the performance of
WSN as following: Throughput of WSN increases about 6.44 kbps, Packet Delivery Ratio (PDR)
increases about 43.80% and Packet Drop decreases about 43.80%. In addition, Packet Delay of
the proposed method is not different in comparison with conventional WSN. However, the

modification of protocol AODV will add a slightly duration of changing gateway which is not

different for various Packet Rates.
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Tnsead1unTeu1eved ZigBee 32 u1i0llu 3 LD ABLUVAI (Star topology) UL
[l 1 Y Y
ANDYA (Peer-to-peer topology) uaxu‘uun’qmu"lu (Cluster tree topology)
9
2.5.1 Iaseaduuad (Star topology)
9 dy 2 A 2 42! 1 %
TuTaseas1auuunnIsBUNITABa1T IS VIUTEHIN IHUA 1aesoUN T 1Hua
' . @ U o o Y o
AIUANAIUNAINI® (PAN coordinator) A1 TnuanIugNdIunaensziuiludeldnasau
1 [ 1 4 9 a 1 (% 1
AUNAINAINUNN THUa Taesol (Hipda1nIzAedaanony Tvua Tagsouaasaal we
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Tnualagsevoive Iffisaaunamesodiauded n1slszgna 19auaindse Texinlann
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In39@519UVUA1I ABMINIVANTE UV Tuian e luasIToU MIMNUVDAAT DV IBIAATY
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252 Iﬂiﬂﬁ%”lx‘]l,mufgﬂﬁﬂfgﬂ (Peer-to-peer topology) HIBULUAIUIY (Mesh topology)
9 ci’c,' 1 = @ 9 A = U
TulassafanuniinmuRernt Iassasuuua Ao 12l THuanILguaIUNA1
Y )
(PAN coordinator) 184 THUAREIN 11U IUIAT 08 HAAIA THUAA1Y BT A0a15NY
S Y ~ ] 1 ~ a 1 v W 9 9 dyd A o
Truala alaminegludmiaunsofadenunula Tassaiaunuiiilumieunsiau
o A d‘ Y, X Y o o ’ Y,
ludnyuzued Ad-Hoe Aodmnsofvzainlnseineummeaewazquainy lngiie 14
Y (% o [} 9 A ' dgl 1 Y a
Aea 103 A20819013 IFmas e enu Uil wu lumsaiuanlugeaavingsy mskhaaaiu
A A A 1 dy 9 4 A 9 dy
MINABUNA1 (N TzUmatawso 15l Teminnguaniiaveslaseadauuil
I ] 2 ] o
Iiluedned lulassadrannuiiazeenlninmsaadumennivualag Wi sedduiu
] Y H
17018 (Multiple hop) tie 11§aTnuala lwnsevie dansdianusaliidunianiiadesan
MAMFMMIHBFUMUUHAI8EY (Multipath routing)
9 v 9 Y
2.5.3 Tmmimmmqmu"lu (Cluster tree topology)
I 9 Ao ) & 9 1
WuInTIas1NUan Y ULTUNIZ1H9¥03 1A I 19UDVIAADYA (peer-to-peer
2 A ° 3 ~ A T Y o v AL~
topology) B9H 1viuas 1 Iu MU FFD uaziiTviua RED Wouaonu Tvuamaitl i
v v ' ) 4 9 g o v 2
anbazamonguuesan liTaelinedudlu Tvua FFD nag Inua RFD milouduly'lif gailu
A g 1 3’; o Y A g I
yamegavesnimraniu Tvua FED a9 enusomminnidudilseauanuuazaoy
Y a ) A A d = 9 2 A~ A Ao
THusmsnuInuadug Miu FFD taz RED @9 1u laseastauuuilagliies lvua@einm

{ g %] 1
whndudr1lszauauniouts (PAN coordinator)

Star Topology Cluster Tree Topology
/TN 2
F0} PAN Coordinator
[~
/ \ O Full Function Device
D Reduced Function Device
Mesh Topology

a Y] A .
HMNN 2.2 Iﬂi\?ﬁﬁ’]ﬂl‘ﬂﬁ@ﬂﬂﬂﬂl@ﬁ ZigBee

flan: http://www.pervcomconsulting.com/I[EEE.html
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v v

A Il . 1 o Y A g o Y
A5z auaUATeU18 (PAN coordinator) ¥99nguusnaz i iiluiaviin
1 [ o o 1 I . {
Ny CLH tazfvuaavuoavilszsingu CL ID iy “0” w301@ona1n PAN Identifier 7
v
] v a [ v W
1i1&1F armiunaznsznrelsudaynaudou (frames broadeasting beacon) 11d3d2 Trua

9 =
VNIAN

2.6 1n338319 Low Rate Wireless Personal Area Network (LR-WPAN)

s 3 4 S W
TasadevesginsaiMiluuny LR-WPAN 11193910 WSN Hiyailszaeandnio
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msasiudyauan Tnuaagesiouiszuiana Taslimsdetoyaniivina lulvajuin

' Y A Y o o 2q ¥y A =2 Y A '

Lmi]gm‘LmmiGlf]fwawmGummiwumcvuwaﬂwuaﬂmq@ INADIUNITODNUUUFTIUVD
A Y = A A 9 ' U o
MAC L‘W@ﬂ'ﬂ‘ﬂﬂllﬂ?il"ll1ﬂﬂﬁ@ﬂﬁ1@1uﬂ15ﬁf]ﬁ1iﬂl’i)yja TENINTIUVDN Upper Layers klﬂﬂ\i
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Physical Layers Glu‘wuﬂaﬂaumma Tﬂﬂumﬂ%amﬂaummm’nmuszmwiwumcvumai

Assemble
a Frame

A9

W ait for Random
Backoff Time

Mot Using IEEE 802.11
RTS/CTS Exchange

Transmit RTS

CTSReceived?

Using |EEE 802.11 RTS/CTS Exchange

Transmit
Application Data

PN 2.3 nalnmsiau CSMA/CA

fan: http://en.wikipedia.org/wiki/File:Csma_ca.svg



12

9 9 1
Gluﬂigllfluﬂ1§@]ﬂ@]ﬂﬂﬂ%uﬂ18ﬂ1wmf’N WSN uu%361ﬂﬂﬂﬁl1ﬂ UYD3 CSMA/CA ‘%\1
3 o ' @ [ R [ ' 1
L‘]_IL!ﬂi8'1_|'J‘Llﬂ151“ﬂ15ﬂ]@1%@3ﬂﬁ1\153%ﬂu Llﬁgi%ﬂallﬂﬂl@\iﬂ”liﬁiﬁﬂﬁ]Uﬁ?%ﬂﬂﬁiyJﬂJUTm’JW\iﬂg
A o9 o < = 9 1 @ S 19 ] @ [ [ Y
1’75'0]1% ﬂ"I’J"I\‘lﬂi]gllﬂ"licl,‘lf‘]f@\‘]ﬁigig"lmuuﬂ me‘lm"m%ilm’mm@ﬂwmgﬂunmm”mu

o
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M 2.4 TAT9a519999 LR-WPAN
fan: http://zigbeevsmbus.blogspot.com/2012/06/fossil-energy-crisis-havealways-lead-to.html
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@ { I @
1) WAIIUNAa 1Y (Useful power consumption) DuUANNABINTT IFNAIY
dmSumsde Wiesuvoya NTzUIUMISoIUMIdITDYA MIAIRDNTZUIUNTS 03UDA
wsomsdavoya 1Jds Tnuadrufies (Node Neighbors)

[ I [ {
2) WANUGYITY (Wasteful power consumption) 1iunasaiuigade’lioin

Y v

NIZUIUNTAE) IFU MITOFIdRQ I oz dwoya msdetoyalny lunsaindoya

a A = | o 9 A I Yo 3 & A G 1 @
ANNYNEINNITFUNUUBDIVDY A ﬂiZU’Juﬂ1§VIL°‘]5uL"]5E]§Ulﬂi‘]JLLWﬂLﬂ"l]VI]‘]JJGL‘]f"UGQNH

2.8 nszUIUMSIIBITesTyaNa@easlu WSN

'
v (3 A

Tu WSN nszuaumsnsenaln AdaInuad sgihtaresdyaadoas nio
A ~ A 1 1Y) all 9 9 1 a3 A a dg@l 1 &
Fonananlslumsdomsiaunuiiv druudmaiunszurumsnmnavuluaiuues MAC 4

[] I 1 [ 9 as A
gunsouiseenilunguaien 18 3 33ms fle
I 4 1 Aa 1

1) CSMA 1Hu31unun159199T0Na19UUILGITF (Contention based) Apag 11id]

Myadena1d 1 milouuuy TDMA i lwins ldnudenars Idedrailszansnin uaasl
a [ Y dd‘cﬁ = 9 ] @ 1 ~ o

msiamsniamielunsaihdenaninmslFuuniu areregduunves MAC i

Y
Tudnuazil 1dun S-MAC, T-MAC, PCS-MAC, B-MAC, Wise-MAC, D-MAC, U-MAC, X-
MAC, P-MAC, C-MAGC, etc.

Node 1 wants to transmit Packst o Node 2
VRasess | i e |
Node 1 wins
kTS Facket to Node 3 aclk
Node 2 sloft = 10
I~ “--—4
f CTS ack
Node 3 slat =|5
/ I y I _
/ Data fronsmission
Previous o (o (0 (0 |0
contention Start of p‘he_,/’vg oo lolo MNext ___,.—-""
contention S IO I o confention

M 2.5 MsDITedy 1MUY CSMA/CA

fan: http://www.hpl.hp.com/personal/Jean_Tourrilhes/Linux/Linux. Wireless.mac.html
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2) TDMA L‘T‘Jugﬂgmuﬂmﬁﬁﬁdﬁaﬂmmuuﬁmii]ﬂaﬁﬁamm”l’i'ﬁau (Time slot)
130 (Reservation based) Lﬁ@ﬁ’mmﬁdﬁagaﬁmmmdﬂﬁma mlindszansninlumsds
Foyage nazifansninmlumssemsdaloaiosnn hideaudatonarau dred1a
JUuuves MAC foamlugsmed 1dus ER-MAC, TRAMA, E-MACS, DE-MAC, BMA,

SS-TDMA, L-MAC, etc.

Data stream divided
into frames

Frames divided into
time slots. Each user
is allocated one slot

1 3 4

i I Time slots contain data

i 10101010111010101 : with a gnard period if

! . needed for syncronisation
A 3 k4

S -

Guard periods (optional)

ﬂ]‘i/‘l‘ﬁ 2.6 Iﬂi\?ﬁ%ﬁ\‘iﬂ/\lﬂﬂl@ﬁ TDMA
fan: http://en.wikipedia.org/wiki/File:Tdma-frame-structure.png

3) Hybrid (CSMA/TDMA) lugiinumaisiisdenars Tasfinisdszandiondon
YBINa CSMA 11z TDMA €adeiu isumssuan Duty Cycle Tufiamlaountasauni
wuuiuvestoya Tasmamus1uIuTeuns TDMA d06131uunves MAC fivhauly
dnuazil 14un [EEE802.15.4, PTDMA, DEE-MAC, u-MAC, SCP-MAC, R-MAC, A-MAC,

SPARE-MAC, Y-MAC, Z-MAC, H-MAC, etc.
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2.9 Media Access Control (MAC) Tu WSN
Y )
Tu WSN 11 MAC fianwdiaty iiesaindilimsiaonlyd MAC lumanzannuns
I fagn 1 liasaldau wsN laeereddseansam msizad MAC Sludquilsh

[

dng ez I Tuuaaeg lu WsN aunsodsendanasaulunsduazSudoya (Energy
. A A a A 1 19 o < A 9
efficiency) ‘mamJnﬁmmwiuuwmmsﬁway,aﬁmimmmauaﬂ (Throughput) N1
WANIABINIFUNUVDIYDHE (Collision avoidance) NIFNNTIUIUNTDAATIUIUTHUATY
A ' . ' A 9 =K 9 9
1N 30U1Y (Scalability) N1THUINIANMIDNITIUIDIUDYA (Delay and Latency) 115 199U
9 v
FoIdnyn 10819515z ANTNIN (Bandwidth utilization) Atiudulg MAC @19 fldlu
wsN azyjariu 'l luseswesms Uszndanasmlumsawaziudoya Taodred1ans
o dy A Y A o 49/
MUY MAC HUUHUGIM Ngn Iatioe Ty WSN el
29.1 S-MAC
< A o di’ . = o

S-MAC 1ilu MAC #1n13%19UDUN UM Contention based 1892 1%19a 1161
A A . A 7q A A ¥ A s
AN (Regulates sleep periods) 10152 Tow1i 11i509v090138A019MT 1HFUUATOU B UL DT
9 Y 2 o @ 1 a @ o
Benoliuiuiu Taverdoidade 4 eg1e Tunsusmsdanisnasau

.. A 5 . a A v 9 9 Ay 2 19 1

1) avoiding idle listening HANIAYINITTUVVOYALUINN Glummzmay,auu”lﬂwm

AOY

=

o 1 v 3
2) static sleep scheduling MruarIa lumsvauduuuung
. A o 1 @ ~ A 2 I 1

3) preamble sampling (oA IHuARY lUTA1ITHAD TN IAUTUNUTUFIIIN
] A 1A 19 Y A Y ad o A4 X g Y =
due ienoog 1l Tnualadsdoyanldvse lu 1 lilnegnavde Tuvaziduauuniu i
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Tnualadaioyald Nazauansudoya

4) off-line scheduling ¥zv191leA IMUARg luan1IznaY Tagaziinista

MAE LagMATUTYRININgG
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L J

HE -
1 I
1 I
1 I
i I
! : Receiver
i |
1 |
i i
: Sleep ! .
1 I
1 I
1 I
i
E‘ DATA DATA |
! o
| ! RTS Winner
i |
1 |
i i
! Sleep : -

MNA 2.7 MITUVDI S-MAC

fan: http://www.cs.binghamton.edu/~kang/teaching/cs526/cs526 lect05 mac.ppt

2.9.2 T-MAC
I A A o A . =\ o
T-MAC L‘]J’L! MAC NUMINMNIUUUNUIIY Contention based Iﬂﬂﬂ%iﬁﬂﬁ/ﬂ\ﬂu
k) v @ 1 =~ ] = an Y @ a I
AMYNUHNI S-MAC LLﬁﬂZNﬂ1§ﬂiﬂlﬂﬁﬂl&’]‘ﬁﬂ151ﬂﬂ15ﬁl'li;fT‘HﬂJ@ﬂWﬁ’iaU NANAT S-MAC
5 ) . o { <3| . .
Uy static sleep scheduling %Qﬂﬂi uasunniu dynamic sleep scheduling Tagazil
[ d' [ 1 1 1Y 9 Yo o
ﬂﬁﬂiﬂlﬂaﬂul’mﬂuﬂﬁﬁﬁﬂ muﬂ‘%mmmmwumuummmiﬁmazimaga Llﬁgﬁlﬁ@’lﬂ‘ﬂ
I @ 9 @ A 1 U A o 9 I o
a1 TA Lﬂuﬂ’]ﬂ’lﬂﬂilﬂﬁlelJQIWNﬂﬁﬁU LiJ’f)ulllﬂ"liﬁ\ﬁ’Ti’é)3‘1J‘lJfJHﬁHJH5$EJ$L’Ja'I >TA a1
g’; 1< 9 [ o Y A [ 9 ds! o [ ds!

Iﬁuﬂuuﬂﬂgﬁﬂﬁ;ﬁﬁmﬂﬁﬁﬂ ‘wﬂmwmaaﬂumiﬁau‘lﬂmmu!,Lazﬂiwaﬂwawmmmu 1N

A Y& 1 A 9 A 99w - N
NINN 2.8 LlﬁﬂﬂﬁlﬂlﬁuQT A0 TA 83U fJ\‘]“VI']GlﬁL‘lJ'Iq Sleep mode 133U ‘I/]']Glﬁ T-MAC

1J5EHIANAIUNINAIT S-MAC
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romal T LT LT LTTLTT

active state

sleep state

S-MAC “ T l” T “ T
oma LT LT LTTLTY

active time

IA  sleeptime TA

S| moomr

MNN 2.8 M51/58UMeUNTINNUVDI S-MAC 1ag T-MAC

fan: perso.ens-lyon.fr/eric.fleury/CPS/ART/Projet/ MACPresentation.ppt

2.10 ghuanuanlvanuly IEEES02.15.4

1 [ 9 d' = 1 ]

druanuduazsesdynutoyanlyly WSN viing 3 diunwd Felundazd

U

aAd A o 1 o A A 1 [
ﬂ’Jmﬂﬂi]31Ji]m’Ju%dﬁﬂlﬂl1m1uﬂﬁﬁamimmﬂmﬂﬂu

g 9

PHY Frequency Band Channel Bitrate Symbol rate

(MHz) (MHz) Modulation| Channels spacing (kbps) (ksymbol/s) Symbols
868 868-868.6 BPSK 1 - 20 20 binary
868 868-868.6 ASK 1 - 250 12.5 20-bit PSSS
868 868-868.6 0-QPSK 1 | - 100 25 16-ary orthogonal
915 902-928 BPSK 10 2MHz 40 40 binary
915 902-928 ASK 10 2MHz 250 50 5-bit PSSS
915 902-928 0-QPSK 10 2MHz 250 62.5 16-ary orthogonal
2450 2400-2483.5 0-QPSK 16 SMHz 250 62.5 16-ary orthogonal

M 2.9 Aeuanuanleslu IEEES02.15.4-2006

fan: http://www.techonlineindia.com/techonline/design centers/171033/introduction-wireless-

SCHSOI"HCtWOI‘k'COIlCCptS
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|—‘—| MHz

PHY: 868.3 MHz Channels: 0

2MHz—» |-

AAAAAAAAND

PHY: 915 MHz Channels : 1-10

SMHz®{ (= 3MH24 ‘«
MHz
PHY: 2.4 GHz Channels:11-26

MNN 2.10 AINNNDYAFINVDAA A FOIdYR I

e http://thaieasyelec.com/article-wiki/basic-electronics/what-is-zigbee.html

1 22 MHz |
Channel 1 I Channel 6 ’ Channel 11
/ . \ / : \ : + > !
000 MHz 2412 MH2z 2437 MHz 2462 MHz 2483.5 MHz
a) IEEE 802 11b North Amencan channel selection (non-overiapping)
2MHz
Channel

2405 2410 2415 2420 2425 2430 2435 2440 2445 2450 2455 2460 2465 2470 2475 2480
2400 MHz 2483.5 MHz

b) IEEE 802 15.4 channel selaction (2400 MHz PHY)
Source: IEEE 602154 specificafion

MR 2.11 AANND 2.4GHz NNUFDUNUYDI IEEES02.15.4 N1 IEEES02.11

131: http:/www.eetasia.com/ART 8800550485 499488 NT 4a9289f5.HTM
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v Y
SN Y

IEEE802.11b UANi@ U949 Bandwidth N@1eiu astiudseramnansniunuvesdyam'la

2.11 InslnasanmsAuruaumaly WSN
4 1Y X I~ a 4 [ 1
11 WSN m31aeun 1l Ad-Hoe mobile network ¥uiJudTa151¥eudomsoviey
4 4 gy A4 % A4 v 2 A 4 ay
puunie Tuszuumsaeas 15me ATnuatiulimsnaeuiiogaaoana aaiuioselinis
a [ 4 I~ ] 4 o @ .
anaedoasiilu lded1esnsudeldtinmg auas Tns Tnaealumsdunudun dagnldlu
MIaunIFUN 19Tz Inuaauna 18 Tnuadatens FaithwienanvesIng Inaeans
Y Y . 3 A v Y A 9 = Aa a
AU UAUN11Y Ad-Hoc mobile network NieAunudumMengnasnazilszd@nsiain
) v Y
senangued Inuaie Idasdoyalusudmune Idamnarnmmnzan msafradumaiiu
o Y a Y1 o . Y 9 A
79392 M 110U Overhead taz l9%o3d el Bandwidth 1¥iviosnga
é’i 1 av = 19 A (] a < ] Y A =1
A6 1A39N157398 DARPA 108271U1A3 0 18INguinng Tusiedntl 1970 3lwsIn
) Yo @ 4 9 .

Aoa 911NN 185U IWartwe 19911 UY Ad-Hoc mobile network ¥59 MANET Ins In
{ ) 1 [ 1 S A o v 9Y o w 1 1 9 ] o
AvaNgnWANNTUINAINaNNEIANM TN U0 T 1AM 11 M3 lgwasnugalunmsieu

Y [ d' Z) = a 1 9 d' é Y]
M3 lAgesdyanund waglionsanuranaia lunmsdadoyangs Fadagiiulns Inasans
Y 9 A A . ' < oA
AurudunngnoenuuuuLie 191uAd-Hoe mobile network enunsouiiseaniilu 3 nqu fle
. . Y Aq Ya
1) Table-driven protocols (Proactive) Ysznou lialaTns Inaeanleisnisuuy
. ! Aq ya . 1
Distance Vector 154 DSDV, WRP 11ag T35 Inaean 193501541 Link State 135 OLSR, GSR,
TBRPF
I . . Y
2) Source-initiated or Demand-driven protocols (Reactive) UsznovlidreTng In
d‘ yJas . 1 d' Ja .
ABAN 1%35N151 UV Distance Vector 151 AODV, ABR ag Ins I1naean 1$35n150411 Link
State 1%U DSR

3) Hybrid protocols 1/5znav a8 Tns TnAvan19e 141 ARPAM, ZRP, OORP
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Ad hoc routing protocols

v v

g Source-initiated
Table-driven On-demand
DSDV WRP AODV DSR LMR ABR
CGSR TORA SSR

Mnd 2.12 Tns Inaeamsauvudunei lglunietismmzna
fan: http://www.eexploria.com/routing-protocols-in-manets/

2.11.1 Table-driven protocols (Proactive)
. . <3| . I
Table-driven protocols (Proactive) 153115 Inaoailszinn Table-Driven 1y Ins In
~ [ o 9 F & Y A (] Y
avaNagwele sy wazswandoyardun1enn Inuanilelddmng Tnualumsedreld
& o v Ao g v 9 , A o 9 & A
Autagiiv Tus Inneamiartisndudeldlunaaz Inuame eI 10dUN1 1IN0
1 v 9 Y 1 dy = 1 A
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1 1 @ 9 Y o
a1 luTassadveuniedsTasmsiivilgsdeyardumaluaisie Tasnsnszaie Tl
A ] A Yy A [] @ =1 ~ Y [ ) Aa o =
NTOVY 1D 1HIATOUI9EIAINAITNNTOAAADINY D 1UIU THUANTITIUIUNIALAITY
A 9 o Y = o & A Y A A
NEIVBINVVLIAVDIATIUTUN taz a1 uNa 1¥35015052 9191111 Broadcast ol
msnlasuuilasveslnseadaveaniniig
2.11.2 Source-initiated or Demand-driven protocols (Reactive)
I
Source-initiated or Demand-driven protocols (Reactive) W lns Inaealszinn
. A o Y Y A 9 Y} 31 A A 0] ~ !
Demand-Driven 925 UMAMSAUHUTUNIN HIDILAI1UTUNNNADNBNAINABINIT NV A
) v v g A v Y Y o
Foyaa1n Inuaaumuni1uy e lvuadunisdosmisidunia g Tvuataronig
o 9 a da! A ] dy <3 Qy =3 A
ATTUIUMTEITINTUNIILNAVUMSIUIATEVIY ATSUIUMTUISIFTIAUNABINONY
gﬂ { I [ 4 3
dumananuamilul)1duaz 1a5unisasrvaeundy wWordumaldgnad sy idunisazgn
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AERIVGEH M
Number of Nodes 29
Radio Transmission range (m) 17
Number of FFD 28
Number of Simulation Runs (4*8) a total 32
Circle Radius R (m) 10

Number of Sources

1

Number of Sinks

1 (PAN Coordinator)

Sink Position

Center of the area

Node Mobility None

ZigBee Parameters (Lm, Cm, Rm) (3,4,4)

Initial Energy of Sensor nodes 1j

Transmission Energy 0.3 j/bit

Reception Energy 0.3 j/bit

MAC Protocol IEEE802.15.4 (Non-Beacon mode with
unslotted CSMA/CA mechanism)

Propagation Model Two Ray Ground Model

Queue Size 50

Data Transfer Model Direct Data Transmission

Traffic Model Poisson traffic

Packet Size (bytes) 80

Simulation Area (m*m) 70%70

Traffic load (pps)
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1) CPU Intel® Core™ i3-3227U @ 1.90GHz
2) VGA Intel® HD Graphics 4000
3) RAM DDR3 4GB
4) Hard Disk, SATA 500GB
5) Network Adapter: Wireless LAN 802.11n
6) OS Microsoft Windows 8, 64-bit
322 werlsnlFlumsianuas3so TseaziBoadail
1) VMWare Workstation Ver.9.01
a. CPU 2 Processor
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2) OS Ubuntu Desktop 12.04 LTS
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Parameter AODV

CBR Packet Size (byte) 100 100 100 100 100
CBR Packet Rate (Mb) 0.1 0.2 0.3 0.4 0.5
CBR Interval 0.008000 | 0.004000 | 0.002667 | 0.002000 | 0.001600
Gateway 1 1 1 1 1
Start Time (sec) 5.00 5.00 5.00 5.00 5.00
Stop Time (sec) 45.00 45.00 45.00 45.00 45.00
Data send (Packets) 5,000.00 10001 15000 20000 25000
Data Receive (Packets) 5,000.00 6443 6442 6443 6443
Avg. Throughput (Kbps) Source MNode 12.50 24.81 37.22 49.61 62.02
Awvg. Throughput (Kbps) Destination Node 15.00 19.18 19.18 19.18 19.18
Avg. Throughput Ratio 120% 7% 52% 39% 3%
Avg. Delay (ms) 7.02 308.77 310.33 310.78 311.05
Packet Delivery Ratio (%) 100% 64% 43% 32% 26%
Packet Drops (Packets) - 35568 8558 13557 185657
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Avg. End-to-End Delays (ms)
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125 packets/sec | 250 packets/sec | 375 packets/sec | 500 packets/sec | 625 packets/sec
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ALGORITHM SOURCE CBR (NODE, TYPE, TOTAL DATA)
INPUT NODE #NODE NUMBER
INPUT TYPE #TYPE OF DATA
INPUT TOTAL_DATA  #NUMBER OF LINE
OUTPUT SOURCE CBR  #TOTAL CBR_PACKET AT SOURCE NODE
SOURCE_CBR(=
FOR I=0, I=TOTAL DATA, I++
IF NODE = RO AND TYPE = CBR THEN
SOURCE.CBR = SOURCE_CBR +
NEXT
ELSE NEXT
END FOR
RETURN (SOURCE_CBR)

M 3.15 9laTAA (Pseudo Code) N131MITIUAIU CBR Packet N 11uAAUNIS

] Y
2) 31171 CBR Packet N 1nualaren1e lunissnasansovisiine RS Tasa1u1sn

Apwdluglalda (Pseudo Code) ldaail

ALGORITHEM DESTINATION CBR (NODE, TYPE, TOTAL DATA)

INPUT NCDE #NODE NUMBER
INPUT TYPE #TYPE OF DATR
INPUT TOTAL DATA #NUMBER OF LINE

OUTPUT DESTINATION CBR #TOTAL CBR_PACKET AT DESTINATION NODE
DESTINATION CBR =
FOR I=0, I=TOTAL DATA, I++
IF NCDE = R8 AND TYPE = CBR THEN
DESTINATICN_CBR = DESTINATION CBR +
NEXT
ELSE NEXT
END FOR
RETURN (DESTINATICON_CBR)

MW 3.16 1alAA (Pseudo Code) MIHITIMIU CBR Packet 7 Iiualarenia

1 d‘ 1 d‘ 9 o A 1 gd
3) ARaY CBR Packet e191391 Nlnuaaunie lunmsaeunsevietine RO lay

= <3 [ dy
aunsodowduglalia (Pseudo Code) Tdasil
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ALGORITHM SOURCE_AVG_CBR (NODE[],TYPE[],TOTAL DATA[],TIME,TRACE_LEVEL[],PACKET_ SIZE[])
INPUT NODE $NODE NUMBER

INPUT TYPE #TYPE OF DATA

INPUT TOTAL_DATA #NUMBER OF LINE

INPUT TIME #TOTAL TIME "SEC"

INPUT TRACE_LEVEL #POINT OF MEASUREMENT "AGT"
INPUT PACKET_SIZE #PACKET_SIZE "BYTE"

OUTPUT SOURCE_AVG CBR # AVERAGE CBR_PACKET AT SOURCE NODE
SOURCE_AVG.CBR = ¢
FOR I=0, I=TOTAL DATA, I++
IF'NODE[I] = RO AND TYPE[I] = CBR AND TRACE_LEVEL = AGT THEN
SOURCE_AVG_CBR = SOURCE_AVG_CBR + PACKET_ SIZE[I]
NEXT
ELSE NEXT
END FOR
SOURCE_AVG_CBR = SOURCE_AVG_CBR/TIME
RETURN (SOURCE_AVG_CBR)

MW 3.17 %lalAa (Pseudo Code) N151IAUNAY CBR Packet AD1IA1 N IMUARUNI

1 = 1 A o G 1 dyd
4) A1RaY CBR Packet 191321 ‘ﬂjﬂuﬂﬂﬁ18‘ﬂ1\‘] Gluﬂﬁﬁﬂﬁﬂ\‘llﬂﬁﬂ"lﬂﬂuﬂf] R8 Iﬂﬁl

I @ dy
aunsomeuilugla Ida (Pseudo Code) lanail

ALGORITHM DESTINATION AVG_CBR (NODE([],TYPE[},TOTAL DATA[],TIME,TRACE LEVEL[],PACKET_ SIZE([])
INPUT NODE #NODE NUMBER

INPUT TYPE #TYPE OF DATA

INPUT TOTAL_DATA #NUMBER OF LINE

INPUT TIME #TOTAL TIME "SEC"

INPUT TRACE_LEVEL #POINT OF MEASUREMENT "AGT"

INPUT PACKET_SIZE #PACKET_SIZE "BYTE"

OUTPUT DESTINATION AVG_CBR # AVERAGE CBR_PACKET AT DESTINATION NODE
DESTINATION AVG CBR =

FOR I=0, I=TOTAL_DATA, I++

IF NODE[I] = R8 AND TYPE[I] CBR AND TRACE LEVEL = AGT THEN
DESTINATION_AVG CBR = DESTINATION AVG CBR + PACKET SIZE[I]
NEXT
ELSE NEXT
END FOR
DESTINATION_AVG_CBR = DESTINATION AVG_CBR/TIME
RETURN (DESTINATION_AVG_CBR)

MW 3.18 91alAA (Pseudo Code) MINIAURTY CBR Packet orian N nuailatema

5) MAAAIUUIAUNAY CBR Packet #8115 12199 Ivuatatenia lunisdiasa
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ALGORITHM THROUGHPUT_ RATIO (SOURCE_AVG_CBR, DESTINATION AVG_CBR)
INPUT SOURCE_AVG_CBR # AVERAGE CBR_PACKET AT SOURCE NODE
INPUT DESTINATION AVG_CBR # AVERAGE CBR_PACKET AT DESTINATION NODE
OUTPUT THROUGHPUT_ RATIO # AVERAGE CBR_PACKET AT DESTINATION NODE
THROUGHPUT_RATIO =

THROUGHPUT RATIC = (DESTINATION AVG CBR/SOURCE_AVG CBR)*
RETURN (THROUGHPUT RATIO)

MW 3.19 9lalda (Pseudo Code) MImAIAITATIUYDIAURTY CBR Packet ADIIAITEHIN

Truadunia nulvnuailateni

6) $112U CBR Packet 19N Drop % Inuaaienis lumsdiaeuniotioiifio RS
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| | | | | | |
TTPTI?PT?PPoPle
CBR Packet “GW1”
] cBR Packet “GW2”
d‘ 1 1 d'
MNN 3.20 9901 1UE9 CBR Packet N5NN 2 Gateways
#3etup CBR1 for 1 Gateways
set cbrl [new Application/Traffic/CBR]
sval(cbr start) "§cbrl attach-agent $udp_ srcl"
packetSize 100 #(CBR Packet is byte)
rate_ 0.iMb # (Unit bit) (1-3 : No drop) Step 1=0.1Mb, Step 2= Mb
random_ false
#S5erun CBR2 for 2 Gateways
set cbr2 [new AppllC&tlDﬁ/T’afflC/CBR]
sns at $val(c start) "§cbr2 attach-agent $udp_src2"
Scbr2 set packetSlze_ # (CBR Packet is byte)
$ rate_ 0.IMb # (Unit bit) ( : No drop) Step 1=0.I1Mb, Step 2= Mb

random_ false

jule Time to sent CBR packets for 2 Gatéways
"Scbrl start"
"$cbrl stop"

"Scbr2 start"

"Scbr2 stop"

2 at 25.0 "§cbrl start”
2 at .0 "$cbrl stop"
Sns at .0 "Scbr2 start"
Sns at .0 "Scbr2 stop"

=

M 3.21 M3dFulyaTsunsunsaing 2 Gateways
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Sending Data (Packets)

Parameter

6000 | 7000 | 8000 | 9000 | 10000
Simulate time (s) 40 40 40 40 40
Data Receive R8 (Packets) 2999 | 3192 | 3192 | 3192 | 3192
Avg. Throughput RS (Kbps) 12.50 | 11.40 | 998 | 8.87 | 7.98
Packet Delivery Ratio (R8) (%) 49.98 | 45.60 | 39.90 | 3547 | 31.92
Packet Drops (R8) (Packets) 3001 | 3808 | 4808 | 5808 | 6808
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Sending Data (Packets)

Parameter

6000 | 7000 | 8000 | 9000 | 10000
Simulate time (s) 40 40 40 40 40
Data Received R8 (Packets) 2999 | 3192 | 3192 | 3192 | 3192
Data Received R9 (Packets) 887 634 159 54 54
Avg. Throughput R8+R9 (Kbps) 16.19 | 13.66 | 10.47 | 9.02 | 8.12
Packet Delivery Ratio R8+R9 (%) 64.77 | 54.66 | 41.89 | 36.07 | 32.46
Packet Drops R8+R9 (Packets) 2114 | 3174 | 4649 | 5754 | 6754
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Packet Delivery Ratio
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AUATNN 3.27

8 wvoid

9 HaoDV: : zendError (Packet *p, bool jitter) {
1240 gw = gw_+ d: /fcnd

1241 gw_chgtime = CORRENT TIME: //gnd

1243 printf{"Send error counting: *d An".gw )
1244 princf{"Current time to Send error: *f \n" LUOBBRENT TIME) ;

M 3.27 drundiulyaidanlu Aopv.ce

TuaruveInsMaUved NS2 9N HIIUY09N 181 C++ 2181 OCTL a1y
A o A A o v 0 vg = g 1
TCL Mthuguiliioann aalassadwuoaniy C++ 9z 1ais egnldluaanvesms
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RODV: : RODV (nsaddr_t id)

btimer(thi=),
rtimer (this),

! Agent (PT_AZ0ODV) ,

htimer (thi=),
lrtimer {this),

ntimer (thi=),

rgueue ()} {

I
I

bind{"gw_

" Egw_):

chgtime ", &kgw_chgtime )
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14 bind ("gw_

mwi 3.28 drundiuilgamindulu AoDV.cC oo Toadoya

9 1
TunsnaaesiilaimslsulgedaIns Inasa AoDV ldlimsuaaaani Tvuadu
Yo & = & Y & = = o @
1191451 Message RERR 1o Inuailaieniadone ivovz Idilunainvzinlasudunand
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118% Error Status 1o 1ien Tnuadumaiud oz Idimsilasunandld Taoiidfunlasu

AUNINN 3.29

12328 void

1239 Haoov::sendError (Packet *p, bool jitter) {

1240 gw_ = gw_ + 1; JS/gnd

1241 gw_chgtime = CURRENT TIME: //gnd

1242

1243 printf ("Send error counting: %d ':“,gw_};

1244 printf{"Current time to sSend errorf: L ':“,CURRENT_TIHE}:

MNN 3.29 drundiulyuanlu Aobpv.ce

luauvean1smMaIuYed NS2 9205 MUUDINIE1 C++ 7181 OCTL Lagn1H1
A d ] d’l A @ 9 o 93 = 1
TCL Miluuiliioanin @ laseadeveaniy c++ aziam 1859 Jegnlsludiuvesnis
v InsInnoa NlTosus AT 1IN U eI1989 ualuaruveanisusunlasu
[ a g o Y] gj [ @
Ansimesa1en lumsniuaumsiiauuesda Tvuaiiu 9z 19aiuvesds OTCL uag TCL
19 Y A 1 1 9 @ gj 1 dy& o < 9 9 o =

Tumsdedoyalditiosanieaens1dau aniuludimiivsuiudesasedunlsnlslums
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o Ted wanulasudoya 531319 7181 C++ 2181 OCTL HagTCL B luntazilumsasany
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Trud Tvuadunie lumsdadulalumslasunand Fedruidunisdsulzalu

A‘A 4'4 9 = =) =
AODV.CC mawauTﬂwagammamaﬂﬂmu NINN 3.30

142 RODV: :RODV(nsaddr t id) : Lgent (PFT_RODV),
143 btimer(thiz=), htimer(thi=), ntimer(this=s),
144 rtimer (this), lrtimer{this), rgqueues{) {

1446 bind("gw_", &gw ): //gnd

147 bind("gw chgtime ", &kgw chgtime }): //god

M 3.30 drundilyanu@nlu Aopv.ce ey Toatoya

A

110010 3.29 Mstyuazi¥eu leadanls “gw chgtime”  way “gw ” 140
2 o { 1 I 9 o ]
Tdsunsuisusinau lunsain lvualin13a9 Message RERR Nzt 1u1vinau luaiuves
~ = o A 1 49! o < 1 2’, A 9 3
TU5UNTUAIMAINT 3.25 FILINMTNUA “gw_” VU tagimmsnuaavaedy o lniu
~ A o ~ 1 = Y < 1 ~
nazisuimalasunandludiuves TCL Fananminaass Idimsiiuaiaineg
o A o = 7 A P A
misuihmsnlasunand nfsmnudeya awa1s1an 3.9
[ o (% { 9 4 o o
Tugruveamsiinuvesad ldsunsuilgniu TCL emuuansiauLa
A 1 A [} g’; =\ o A A o A 1
Reulua1e vuwaTeveny azlimsiivuateu v lumsiaswnandlunsedie Tagn1s

war Jdsunsuaiusisazdealunini 3.31 uag 3.32

sg|#Setup CER1

gg|set cbrl [new ApplicationsTrafficsCBR]

e $ns at 5.0 "$cbrl attach-agent $udp srcl”

101|$cbrl set packetSize 100 #(CBR Packet 1s 100 byte)
10zl $cbrl set rate  0.06Mb # (Unit bit)

10zl $cbrl set random_ false

1e4|$ns at 5.0 "$chrl start"”

1as|$ns at 45.0 "$ebrl stop”

108
107|#Schedule Time to take action

1e2{$ns at $waligwl action ) "$n(l) setdest 0.1 250.0 100"
1os|$ns at $vallgwl action ) "$n(l) node-down®

MW 3.31 drmved TUsunsunweun Iaen1en TCL o314 packets CBR
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1z1|for {set 1 1} {$1 = $walistop)} { incr 1 F &
12aif § $valigw ) ==1 } {

123 $ns at $valigw_chgtime_} "$ns attach-agent $ni2) $udp_des2"
124 $ns at $valigw_chgtime_} "$ns connect $udp_srcl $udp_des2"
12|}
126/ F

H 1 v 4 o 4 { <
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ns2@ubuntu:~/cnd$ ns 2gw_move. tcl

num_nodes is set 3

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: @

INITIALIZE THE LIST xListHead
id: 1

id: 2

CBR1 packet size = 180

CBR1 packet rate = 668000
erval = 0.013333333333333334
~c:sendUp - Calc highestAntennaZ_ and distCST_
tennaZ_ = 1.5, distCST_ = 550.0
: ING LISTS ...DONE!
Send error counting: 1
_urrent time to send error: 25.026265
ns2@ubuntu:~/cnd$

MW 4.4 AN THUAAUNI JATY Message RERR (0 Iviuadatenmaidenie $143% Packets

alEnagon 1M1 3000

ns2@ubuntu:~/cndS ns aocdv_wsn2gw.tcl
num_nodes is set
5 e use -channel as shown in tcl/ex/wirel=ss-mitf.tcl

INITIALIZE THE LIST xListHead

id: 1

id: 2

CBR1 packet size = 180

CBR1 packet rate = 80000

CBR1 interval = 0.061

channel.cc:sendUp - Calc highestAntennaZ and distCsT_
highestAntennaZ_ = 1.5, distCST_ = 550.0
SORTING LISTS ...DONE!

Send error counting: 1

Current time to send error: 25.026265
ns2@ubuntu:~/cnds i

d' A Y Yo A = o
MNN 4.5 Lﬁﬁ?ﬂiﬂuﬂﬁuﬂN"lﬂi‘U Message RERR mﬂTWuﬂ‘]Jﬁ']ﬂ‘Vl'NlﬁﬂW'lﬁl 91UIU Packets

Aq ¥ Y
plamaaen M1AU 4000
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ns2@ubuntu:~/cnd$S ns aodv_wsn2gw.tcl
num_nodes is set 3
warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: o
INITIALIZE THE LIST xListHead
id: 1
id:
CBR1 packet size = 180
CBR1 packet rate = 100008
CBR1 interval = 0.00880000000000008602
l.cc:sendUp - Calc highestAntennaZ_ and distCST_
~ctAntennaZ_ = 1.5, distCST_ = 550.8
ING LISTS ...DONE!
Send error counting: 1
_urrent time to send error: 25.827865
ns2@ubuntu:~/cnds i

MW 4.6 AN THUAAUNI AT Message RERR (i Ivuadatenmaidenie $113% Packets

alEnadon MU 5000

ns2@ubuntu:~/cndS ns aocdv_wsn2gw.tcl

num_nodes is set

warning: Pleasez use -channel as shown in tcl/ex/wireless-mitf.tcl
id: @

INITIALIZE THE LIST xListHead

CBR1 packet size = 100

CBR1 packet rate = 120000

CBR1 interwval =

channel.cc:sendUp - Calc highestAntennsa and distCST_
highestAntennaZz_ = 1.5, distCST_ =

SORTING LISTS ...DONE!

send error counting: 1

Current time to send error: 25.02605%
ns2@ubuntu:~/cnds

d' A Y Yo A = o
MNN 4.7 Lﬁﬁ?ﬂiﬂuﬂﬁuﬂN"lﬂi‘U Message RERR mﬂTWuﬂ‘]Jﬁ']fJ‘VI'NLﬁEJW'IEJ 91UIU Packets

nlFnadon MU 6000
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ns2@ubuntu:~/cnd$ ns aocdv_wsn2gw.tcl

num_nodes is set 3

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: @

INITIALIZE THE LIST xListHead
id: 1

id: 2

CBR1 packet size = 100

CBR1 pa oy 140000
CBR1 i val : 57142857142857143
channel.cc:sendUp - Calc highestAntennaZ_ and distCST_
hi tAntennaZ_ = 1.5, distCST_ = 550.0

TING LISTS ...DONE!

d error counting:
Current time to send error: 25.827335
ns2@ubuntu:~/cnds

MNN 4.8 AN THUAAUNIIATY Message RERR (i Iviuadatenaidenie $143% Packets

algnagon 1M1 7000

ns2@ubuntu:~/ecndS$ ns aodv_wsn2gw.tecl

num_nodes is set -

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: @

INITIALIZE THE LIST xListHead

id: 1

id: 2

CBR1 packet size = 180

CBR1 packet rate = 160000

CBR1 interval = 0.06850000000000000001
channel.cc:sendUp - Calc highestAntennaZ and distCST_
highestAntennaZz_ = 1.5, distCST_ = 550.0

SORTING LISTS ...DONE!

Send error counting: 1

Current time to send error: 25.027335
ns2@ubuntu:~/cnds |

d‘ A Y Yo A = o
HMNN 4.9 Lﬁﬁ?ﬂiﬁuﬂﬁuﬂ']ﬂ"lﬂiﬂ Message RERR mﬂiﬂuﬂﬂﬁ']ﬂﬂ']\uﬁﬂﬂ'lﬂ 91UIU Packets

nlEnadon MU 8000

A = A & A '3 aA oA
1NNINN 4.6 DININN 4.11 Lﬂuwaﬂ"ﬁ‘lﬂﬂaﬂ\ﬁl@ﬂlﬂi@‘lnﬂ 2 1NALY Gl,Uﬂ'iiLl‘Vl 1 a0

A P ' A Y = < Y1 A A ° @
arnay 1 ]’luﬁ']ll"liﬂ@]ﬂﬂ@]lﬂ “lf\ﬁ]’]ﬂwaﬂ'ﬁﬂﬂaﬂqfﬂglﬁu"lﬂ?] ljJﬂjJﬂ’]iﬂﬂﬂ’]iﬂﬂl\ﬂu‘UﬂQﬂ?

[

¢ v & Yo A o Y a o Y A ,
NANY 1 LaIUuU ﬁ]gﬂ"lﬁlﬁﬁni‘w5iﬂﬂﬂa AODV 'Vlﬂi’lJ’]J?\um'J UNTUAAIITIUIUATINUNITEN
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Joya Error 1AZLAAIA1IAININTAS message ERROR Tagwanisnaaosd lauanaluaisieh

4.2

d’ d' 4 ] a 1 9
MINN 4.2 NANITNAADAUNBNALIY 1 ulﬂJﬁ'lﬂJ'liﬂ@’lﬂ@]E]]lﬂ

3000 4000 5000 6000 7000 8000

25.000000 25.000000 25.000000 25.000000 25.000000 25.000000

25.026265 25.026265 25.027865 25.026055 25.027335 25.027335

esponse

ec) 0.02626 0.02626 0.02786 0.02605 0.02734 0.02734

~ <3 Yo Aa . [ ~
1NATTINN 4.2 %zmu"lﬂammm‘nummammm (Response time) ¥a491NNUNIT

o o %] 4 9 3’, A 1 = [ o ~ ]
Uan1smauvesdunand 1 ey A packets $114¢) um"lummumaﬂaqﬂizmm 0.02685

v '
' o

TN wagliAgasgi 0.02605 31N LazlAIgIgAEN 0.02786 U1

ns2@ubuntu:~/cndS ns aodv_wsn2gw.tcl

num_nodes is set 3

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: o

INITIALIZE THE LIST xListHead

CBR1 packet size = 100

CBR1 packet rate = 60000

CBR1 interval = ©.013333333333333334

channel.cc:sendUp - Calc highestAntennaZ and distCST
highestAntennaZz_ = 1.5, distCST_ = 550.0

SORTING LISTS ...DONE!

send error counting: 1

Current time to send error: 26.695492
ns2@ubuntu:~/cnds [

M 4.10 NN THuaduN191A5U Message RERR 1ifa Tvuadaiemanaeuionn s1uiu

Packets N 1¥naaou 19U 3000
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ns2@ubuntu:~/cnd$ ns aodv_wsn2gw.tcl
num_nodes is set 3
warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: o
INITIALIZE THE LIST xListHead
id: 1
id: 2
CBR1 packet size = 180
CBR1 packet ra - 80000
CBR1 interval = 0.01
l.cc:sendUp - Calc highestAntennaZ_ and distCST_
hestAntennaZ_ = 1.5, distCST_ = 550.0
ING LISTS ...DONE!
send error counting: 1
urrent time to send error: 26.693705
ns2@ubuntu:~/cnds

= = ) Yo A A 4 o
M 4.11 N Tnuadune1asy Message RERR wo lviualaenmaunqouioon 311U

Packets N 1¥naa01 191171 4000

ns2@ubuntu:~/cnd$ ns acdv_wsn2gw.tcl

num_nodes is set =

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: @

INITIALIZE THE LIST xListHead

id: 1

id: 2

CBR1 packet size = 100

CBR1 packet rate = 100000

CBR1 interval = 0.0080000000000000002
channel.cc:sendUp - Calc highestAntennaZ and distCST_
highestAntennaZ_ = 1.5, distCsT_ z

SORTING LISTS ...DONE!

Send error counting: 1

Current time to send error: 26.690585
ns2@ubuntu:~/cnd$

A = Y Yo A A 4 °
HMNN 4.12 L’JﬁTI/lT‘i’iuﬂﬁu‘VlNllﬂi‘U Message RERR Woe lviualdamenmunqouiioon 311U

Packets N1 1¥Mad01 1911171 5000
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ns2@ubuntu:~/cnd$ ns aodv_wsn2gw.tcl

num_nodes is set 3

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: o

INITIALIZE THE LIST xListHead

1
id: 2
CBR1 packet size 180

= 120000

l.cc:sendUp - Calc highestAntennaZz_ and distCST_
hestAntennaZ_ = 1.5, distCST_ = 550.0
: ING LISTS ...DONE!
Send error counting: 1
_urrent time to send error: 26.689049
ns2@ubuntu:~/cnd

5UN 4.13 Nan Tnuadun1a1a5y Message RERR e Tvuataenianaesuinosn $147u

Packets N1¥NAa01 1911171 6000

ns2@ubuntu:~/cndS ns aodv_wsn2gw.tcl
num_nodes is set -
B = use -channel as shown in tcl/ex/wireless-mitf.tcl

INITIALIZE THE LIST xListHead
id: 1

2
CBR1 packet size = 1080
CBR1 packet rate = 140000
CBR1 interval = 0.0057142857142857143
channel.cc:sendUp - Calc highestAntennzz and distCST_
highestAntennaz_ = 1.5, distCST_ = 550.¢
SORTING LISTS ...DONE!
send error counting: 1
Current time to send error: 26.688724
ns2@ubuntu:~/cnds

A = Y Yo A A 4 °
HMNN 4.14 L’JﬁTI/lT‘i’iuﬂﬁu‘VlNllﬂi‘U Message RERR Woe lviuatdaemunqouiioon 311U

Packets N1 1¥Maa01 1911171 7000
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ns2@ubuntu:~/cnd$ ns aodv_wsn2gw.tcl

num_nodes is set 3

warning: Please use -channel as shown in tcl/ex/wireless-mitf.tcl
id: @

INITIALIZE THE LIST xListHead

= 100
= 160000
050000000000000001
Calc highestAntennaZ_ and distCST_
distCST_ = 550.0

IMG LISTS ...DONE!
d error counting: 1
current time to send error: 26.688724
dubuntu:~/cnd$s

= = Y Yo A A 4 o
M 4.15 nai Tnuadunelasy Message RERR o lviualagnmaunqouioon 311U

Packets N 1¥naao1l 1911171 8000

. . . ' .
INNINA 4.10 DININTN 4.15 FUHANITNADIVOUATOUE 2 1NANE 1UATAN 1 Ao

d' o ] a [ 9 d‘ = A d' A ] é
diomnand 1 luauianadeld 1109910 NNIAAOUNDDNUDNATDUIY FIINHANITNAADI
d 1 4 a o % g’/ o % {
aztiulda1 Wednmstlanisiauvesdunand 1 uaniu vz liaalng Inaea AODV #1

Iy Y = ° Y Aa ] ' A '

Y5udgandy Imsuaasduaunsaninisdadoya Error tazuaadfnnIaInin1s @y message

ERROR Tagnaminaaoan lauaaaluasnan 4.3

= A ¢ A A A
MATNN 4.3 NANITNAADAUNBLNALIY 1 IAADUNDDNVINATOVUIY

Packets 3000 4000 5000 6000 7000 8000
Even Time

(sec) 25.00000 25.00000 25.00000 25.00000 25.00000 25.00000
Error Time

(sec) 26.69549 26.69371 26.69059 26.68905 26.68872 26.68872
Response

Time (sec) 1.69549 1.69371 1.69059 1.68905 1.68872 1.68872

A < Y A . @ A o
NATTNN 4.3 ﬂglﬁullﬂ':]"lﬂ1!3a1ﬂuﬂ1i@ﬂﬂﬁu@q (Response time) ¥A4I1NNAD

4 4 § 1 { 1 1 o 1 1
nAng 1 indeuieanusniA3 18N packets 7149 AIAADUAUDINGI0DNNT TA1 3]
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' o A 1 a = = ° = a = = ]
@Nﬂumaﬂagﬂﬁzmm 1.69105 UM HAaZNAITADYN 1.68872 UM HasugIgADY

U Q

=h.

1.69549 211N

ms1ei 4.4 Weuieuaainsaeuaues Error VDUATOVIY WSN iy 2 LﬂG]L’JET

Packets 3000 4000 5000 6000 7000 8000
Even Time (sec) 25.000 25.000 25.000 25.000 25.000 25.000
Response Time (sec)

Turn-Down 0.02626 0.02626 0.02786 0.02605 0.02734 0.02734
Response Time (sec)

Move 1.69549 1.69371 1.69059 1.68905 1.68872 1.68872
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AMNATDVIIUU ENﬂ\'1f;ﬂll1§ﬂﬁﬂﬁ@ﬂﬂﬂﬁiﬂuﬂﬁuﬂwqﬂ@g Lmﬂiz‘ﬂﬂummwmmqmaauﬂ
v o 1 1 w o [ Y a
ﬂzﬂizﬂﬁﬁﬁlﬂﬁﬁ'@ﬂﬂ@ﬂﬂ?ﬂlﬂ%ﬂ"lﬂﬂ ?Nﬁmma‘uﬁumm Error ﬂﬂuu%ﬂﬂWiﬂLﬂﬂﬂWi
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ADVFAUDIBTININ Llﬁﬁ)fﬂ\?l‘lﬁaniJﬂWiﬂﬂaﬁNﬂ\?ﬁ@\uLUUﬂﬁﬁﬂiﬂ AIAUIRULASADIUL Lﬁ’E]‘VH

m3lasunang la

a A A 0 WY ¢ a Y] d
4.2 ﬁ1‘1J‘§$ﬁ°nﬁmw6119emﬁamwwuwes"lsmmmu 2 1NAIEY INYUNU HUD 1 InAY

=

o o 4 g 9 a oy Y 3 9 !
ﬁmmfwnmimammammagaiugﬂmm trace file 138UITDULAD nig1vayan
Y o a L4 P Ay [ dy
hliﬁ”l111‘1/]1‘ﬂ1'§’)!,15]'i1$‘l“i Iﬂﬂﬂ1iﬂ1ﬂ1ﬂ§l@\‘]ﬂ1iﬂ\‘]u
1 1 9 7
1 WM sndanann Iruadume lJdaTnuatatena (packets delay)

1 o d 1 @
2 maanudisalumsdadoyasin Tnuaduma Tldaluuailarenis (%PDR)

=

3 maSunudeyangadelunions (Y%packets drop)

G

=1

! Y Jd o J o o Y A @
4 ﬁWﬂ"I‘].ENWﬂlﬂl@Haﬂ!ﬂ@]HﬂﬁaﬂlmgLﬂﬂnﬂfﬂiﬂ\ﬁ‘ﬂqﬂW]ﬂ‘l_lﬂ‘]J!'Jfl'] (Throughput
kbps)
a A [l 4 4 1%
Gl“lnlﬂ']iﬁ']ﬂﬁgﬁﬂ‘ﬁﬂ”IW‘IJ’ENLﬂ%@GUTEJLGD'UL“ﬁi’JiUl%}ﬁ']ﬂllllll 2 1NANEY NIVNY LU 1
o’gﬂ 1 9 a o A o
INANIYUU Gll!!,mﬁgllllll51]3‘].]53ﬂ’f)‘]J”hJﬂ'JfJﬂ']ﬁ‘Vlﬂa@ﬂL!fUll‘]Jﬂﬂ']ﬁWWQTH‘U@QLﬂ@]DﬂLﬂN NUNIT
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42.1 mmmsnieann Tnuaduna ldda Tnuatdaionia (packets delay)
Y
1 I 1 ] o
ludruiazidlunmisiainisnuaanainn Ivuadunia Tddi lvualarenig
[ v 9 ]
(packets delay) #99241M5MIAMIAGIFN LAZAMFAVDILADY packet DINUUTIIAIN TAwIM

9 Y i1 H } Y
MEIUAN 1A INTINAU 1AUUNITATIUIU packets HaMUANDMIALRDY B9 lAHAAI

4 1 1 4 4 { 1
A1519N1 4.5 AIN51HINIAT packets delay VOULULLAANIG | 1ARDUNDONUBNIATOVY

Packets 3,000 4,000 5,000 6,000 7,000 8,000
1 Gateway 6.980 6.977 6.977 7.335 268.475 301.322
2 Gateway 6.954 6.963 6.969 7.379 265.403 300.660

wiraniiey Packets delay (ms.) aasszuu 1 e 7u 2 inawne lunsdin

Delay (ms.) A 1 1AdawUN

350.00
300.00
250.00
200.00
150.00
100.00

50.00

= - - Packets

3000 4000 5000 6000 7000 8000

==¢=—Delay Node Move ==lll==Delay Node Move

a ~ ¢ o ¢ a A ¢
MNN 4.16 11/5801Ne1 Packets delay (ms) YDI5LUY 1 DALY NV 2 NHLIY lunsaimnand 1

A 4
AaUN

{ o { < [
9110015197 4.5 wwaaugiuuvvesnsidu 18 awnmi 4.19 szwiulaen

] 1 d o 4 1 1 o
N3119a1 packet delay YBUATO 1Y WSN 1LY 2 108 NULLY 1 1nand aziia ludeny

) 4 o ] o
WNNPUNNY YUIA packets Nawin 11l iipea1nmsinuveuniedite WSN uuy 2 tnang
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g @ J @ m 9 o 9 v KR =) ' [ Y
UU AUNALIY 1 HU 2 llullﬂmqmwmamu "lNlllllINﬁ‘luﬂ"ﬁ‘]ﬁ]Eliijslli’]ialjﬁiﬂﬂiﬂuﬂ@]u‘ﬂﬂ Tﬂfl

@ 4 o 3 4 4 4 { 1 7
Glumm@mﬂ 2 %mmuﬂ@mﬁa ALY 1 mﬁ@uﬁamumm’%‘mmmmu

4 1 1 4
VniNﬁ 4.6 11N1IYIUIIINT packets delay UBDILVULNALIY 1 GELAL

Packets 3,000 4,000 5,000 6,000 7,000 8,000
1 Gateway 6.988 6.982 6.980 7.340 288.135 300.478
2 Gateway 6.957 6.962 6.969 7.385 287.923 300.478

{ I ] d o ]
iﬂﬂﬁ'li'l\?‘ﬁ 4.6 LﬂuWﬁﬂWiﬂﬂﬁ'ﬁ]\ﬁl@\uﬂ%@ﬂﬂﬂ WSN Ly 2 1nae ﬂﬂlﬂ%fl"lﬂﬂl!ﬂ“ﬂ
o 3 ' ' A A A s Yo
1 1ne1IeY Iﬂﬂlﬂuﬂ15W1ﬂ1ﬂ1iﬁu’J\1HﬁW packets delay VONIATDUIY 1uﬂiﬂ\l‘1/]!,ﬂ¢lnﬂ 1 a1

- < o = 9 3 A
ANUAeYY Fariwnaalseumeulamua1un NN 4.20.

wWrauieu Packets delay (ms) aasszun 1 inawel fu 2 insad lunsdin
Delay (ms.) e 1 W@eue
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300.00 = 1—
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100.00 /

50.00
] = - - / Packets

3000 4000 5000 6000 7000 8000

=41 Gateway -lll—2 Gateways

a ~ ¢ o ¢ a A ¢
NINN 4.17 wseumey Packets delay (ms) Y935V 1 DALY NV 2 1NALIEY lunsanmnang 1

=
1gmY
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{ < A 1 1 d o
Tunwd 4.20 i]%tﬁu]lﬁj’ﬂﬂTﬂTﬁﬁu’Nﬂﬂ"l 5U’ENl,f"Idﬁ‘f’JGIJ”IEJ WSN Ui 2 1hay Ny

ISP % 1

] 4 g’; [N < @ % o [
n3euUY 1 1nand Huia ludesuesiunu Idse Fanansnaasslianyazadienunyy
~a 4 A A A ] g’/ dy::,‘ I o A 1
AsUNANG 1 MAoUNDBNUBNATBVIY NI UINTIZNMTIINUVDUATDU1Y WSN LU 2
4 g’/ o 4 1Y) 1 9 o 9 Y= (=} 1 [ Y 9
nand uu danand 10u 2 Tuldhaundoudu 39 lutinalunssiesiodoyannTnuadu
@ 4 o <3N A 4 ~ 1 3’1
N9 Tagluaunang 2 9MNUNADIND 1NANY 1 IIIImNINY
1 o 1 LY
422 wiaanudise lumsdetoyaninTnuadunis 1dsTnuatlatenia (%PDR)
1 g I 1 o U o
TudruthilumsmannudisalumsasdoyaninTnuadunia lldaTnua
Y
o Y] ] 4
1/a18m19 (%PDR) TagazinsnfSeuneunan1snaananatuuns eu1g WSN iUl 2 1AL
A ] S R o A A A 4 d' ~
HAZUULIATOV LU 1 tNAE F9NIN1TNaaealu 2 nsal A nsalANANY 1 nasuNBon
A ] o A 4 a = ~
NAATOUY AUNTANNANEG 1 an15Fder1e Tagnanisnaasauaad 3 lua1s1an 4.7 uag

A9 4.8

4 1 0o v Y 1 4 {
ﬂ151\1ﬁ 4.7 mmmmmﬂumiﬁway‘a %PDR ﬂlﬂx‘llﬂ%’ﬂ"lﬂﬂ WSN Uy 2 1naey Iﬂﬂ"ﬁ!ﬂ@]-

4 a =
18 1 1nANI13LeeNIY

Packets 3,000 4,000 5,000 6,000 7,000 8,000
1 Gateway 50.00% 49.99% 50.00% 49.98% 45.65% 39.95%
2 Gateway 99.93% 99.93% 99.92% 99.92% 91.97% 80.48%

{ < ' o < 1
mﬂﬂﬁN‘ﬁ 4.7 !,‘]J'LWIWNLlﬁﬂ\‘]Naﬂﬁ‘ﬂﬂaﬂ\‘i‘ﬁiﬂ1ﬂ31ﬂﬁ115%11‘!ﬂ13ﬁ\‘]‘ﬁj®3‘3a
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%PDR U943 LUULNAIY 1 L8N CINH13J1LL?WI\1L']JUﬂﬁWwLﬁHVlﬂQTNﬂWWﬂ 4.21
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%4PDR wEeday % PDR aasszuy 1 sl /u 2 wnsas lunsasnnmns 1 1@ems)
0
120.00%
100.00% B i, ]
80.00%
60.00%
<& <> S O
40.00% \
20.00%
0.00% Packets
. 0
3000 4000 5000 6000 7000 8000
=¢—1 Gateway =ill=2 Gateways

a a ¢ o @ A ¢ A
HNINN 4.18 lﬂdﬁﬂﬂl‘ﬂﬂﬂ % PDR ¥9372UU 1 DALY DU 2 INAILIY hlUﬂiﬂlcﬂ!ﬂﬁl'JEJ 1 l@y1ie
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lunind 421 dunsbauuaasnanisnaassriaanuansalumsaaveya

U
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=~ 1 Y =
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Wuruiuznan mmn‘wm%m‘wmmwmmmqﬁu ﬂulﬂﬂﬁﬂluﬁﬂ%ﬂ\‘lzﬂ"lﬂ Drop
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9 A A o R o 1 g a 3
Vodvdla %TﬂﬂﬂJHWLiﬂﬂﬂlﬂﬁﬂJHWQ Buffer 1910990472 1M UALOY FIanyaIsuilnayulu

A o & @ @
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Packets 3,000 4,000 5,000 6,000 7,000 8,000

1 Gateway 54.17% 54.16% 54.18% 54.17% 49.46% 43.29%

2 Gateway 99.90% 99.93% 99.94% 99.93% 92.00% 80.50%
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9 v 9
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Packets 3,000 4,000 5,000 6,000 7,000 8,000
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2 Gateway 0.07% 0.05% 0.08% 0.08% 8.01% 19.53%
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Abstraet

The operation of wireless sensor network (WSN) is
normally forwarding data from sensor node to gatewqy
node or coordination node which connecis to another
network. The gateway node will subseguently transfer the
data to the specific destination. When the gateway node
has been damaged, the data cannot be sent out. Thus, this
reseavch presents a method by adding 2 gateway nodes
the

and  applying routing protocoel AODV  over
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JEEES02.15.4 WSN including gateway changing when a
default gateway node comes to shutdown.

The resulis from the simulation using N52 program
JSound that throughput and Packet Deltvery Ratio (PDR)
of the proposed WSN increase averagely 1.35 Kbps and
3.39%, raspectively, in comparison with conventional
WEN.
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