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ABSTRACT

Lately, a new paradigm of routing protocol called directed diffusion (DD) has
been developing for wireless sensor networks and receiving a lot of attention by researchers in
this area. However, no work in the literature has studied the effects of mobility, radio propagation
and signaling on the performance of DD. These three research issues are investigated in this
thesis. First, the movements of sensor nodes can cause many effects of routing scheme during a
path set-up. How well DD performs in mobile environments is important. To address this research
issue, this thesis performs a set of simulation experiments by using NS2 version 2.33 and
evaluates the total energy consumption in the systems while varying speeds of mobile sensor
nodes. The numerical results show that the energy consumption in the case of slowly moving
nodes is higher than the case of static nodes. In contrast, the fast moving node case shows less
energy consumption because the routing path is hardly setup. Second, radio signals change
rapidly and randomly in mobile wireless environments. Therefore, the effects of radio
characteristics must be considered. To address this research issue, models of two-ray ground
reflection with and without shadow fading are studied. This work evaluates the number of
transmission times and energy consumption of the network while varying the number of mobile
nodes in a specified area. The numerical results show that the scenarios that add the shadowing
model require signaling overhead and energy consumption higher than the case of including only
the two-ray ground reflection model. Further, the network lifetime is shorten in dense mobile
wireless sensor networks since high routing protocol signaling due to fading burns up all energy
of nodes in the systems. Finally, the sensor nodes send interest and exploratory data messages for
setting up paths by flooding in the original DD. This approach consumes high amount of energy in the

network. Some research work in the literature studies how to solve this flooding problem by reducing

)



the interest messages. Little work has been done on reducing the exploratory data. Accordingly, this
thesis proposes a new routing scheme by modifying the original DD to reduce the number of the
exploratory data messages. The numerical results show that the proposed scheme can reduce the

number of exploratory data message and consumes energy less than the original DD protocol.

Keywords: routing protocol, wireless sensor networks, energy consumption
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1.2.3 Z. Li, H. Shi, "Design of Gradient and Node Remaining Energy Constrained
Directed Diffusion Routing for WSN," International Conference on Wireless
Communications, Networking and Mobile Computing, WiCom 2007, pp. 2600-2603,
September 2007. [3]
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1.2.4 Y. Cui, L. Cao, "An Improved Directed Diffusion for Wireless Sensor Networks,"
International Conference on Wireless Communications, Networking and Mobile
Computing, WiCom 2007, pp. 2380-2383, September 2007. [4]
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Protocol," International Conference on Computational Intelligence and Security, CIS, pp.
1067-1072, December 2007. [5]
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1.2.6 K. Lyes, B. Nadjib, "On the Performance of Directed Diffusion in Dense Sensor
Networks," The 4" International Conference on Innovations in Information Technology,
pp- 113-117, November 2007. [6]
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1.2.7 N. Hu and D. Zhang, "Source Routing Directed Diffusion in Wireless Sensor
Networks, ""Asia Network for Scientific Information, Information Technology Journal 5(3):
pp. 534-539, 2006. [7]
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1.2.8 J. Jang, "A Study on a Sequenced Directed Diffusion Algorithm for Sensor
Networks," The 9" International Conference on Advanced Communication Technology,
ICACT2007, pp. 679-683, February 2007. [8]
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Sensing data
Type=wheeled vehicle //type of vehicle seen
Instance=truck // instance of this type
Location=[125, 200] // node location
Intensity=0.6 //signal amplitude measure
Confidence=0.85 //confidence in the match

Timestamp=01 : 20 : 40 //local event generation time
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Y
TdsunsudraeamsiinuuandluninnuIn A Network simulator version 2) 1uIAai1910nD4
o Y o L4 A o ) [ A 9 Yo

sEAUMI TEnaUYeIsUEes Inua  aiimsmruanasnusuauliiunng Tnualy
IATVIBH AT initialEnergy  NOUNINT Run uuudrassnng lnualuniotieaziia

@ dyd A 9 A o Y] 1 o
Wasn U uAUTAY 1azilieing Run TUsHNIL )A9MITUEN Packet YOUBULEDT IHUA
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wasnunsmua BluseusuduvesInuanazgnldly isawnsosmuamhasnldlums
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v
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25Y)  autunpqnaidhmsiiaesmstieu  wrawnsoasnaen ldiusuees lnualy
[ 1 dy [ [ o Y Y= [ Y
wasu s wenvniiTumandsnudaunsai ldsitenngnasnuve vua 1
Ao o o = o o Y . .
VAUN$a0IM I TasdunannduoUs U3 11ua (Fana 1asin Animation 11 NS2)
VoA A ° ' o A v Yo 9 A @
nannowa It vuamnasnu luaeusuau ity Tvuaudl Tvualuasovieaznaredlua
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packet AUDIPARTIN THUAITURUANGINUFUIEDT IHUAINASITUTIHT09 LaZD UYUHOS
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Truanuandenunzuaasduasooninliviu dmsulsunsy NS2 Tueandsaugnaiie

13'd energymodel.cc 401¥ energymodel.h

The c++ energy model class
class EnergyModel : public TclObject{
public:
EnergyModel(double energy) {energy = energy;}
inline double energy() {return energy ;}
inline void setenergy(double ¢) {energy =e;}
virtual void DecrTxEnergy(double txtime, double P_tx) {

energy -= (P_tx * txtime);
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}

virtual void DecrRevEnergy(double revtime, double P_rev) {

energy -= (P_rcv * rcvtime);

H
protected:

double energy ;
15

9y A o Ao o A £ g [ [ @ 9
90 Class 9190u Hawlsid Ao energy  Funuszaunasnuilagiu’ll

A o d v Ao w [y dou A A o A~ 9 .
oz Ny Nneaay 2 Handuao DecrTxEnergy N9aanadNuuoun1iaivuoya (Transmit)
1% { 1< 1 Y 1 o 4
Taonasnuinanaly AAUNIAY P tx * transmit time @9Y DecrRxEnergy 3¢aanada1uilod
mié"wffay,a (Receive) NAUMAL P rcv * receive time (P_tx Ao txPower LA P rev Ao
rxPower)
v H
WeNINHEE TR MUAAT Idle power ABUTIINT Run tuVT1a04 1A Taeh
1 dyd 1 o o ) (% A o 1w & =S 9 @
ainfuaiasnslladygramesudidygnavedIvua  Falvuasziims lonasanulu
v 1
dii lnsainTuuanoglu IDLE state 11519911 Energy model fuT/sunsy NS2 agdoeii

° . Yo 7 o o
M3R1MUA (Configuration) 1NV UILOT 1HiUa A9il

$ns node-config -energyModel $energymodel \
-rxPower $opt(rxPower) \
-txPower Sopt(txPower)\
-idlePower $Sopt(idlePower)\

-initialEnergy $opt(initialenergy)

1AENA9INMNT Run TU5UATHIINMITIABININNY (file.tc) A1HTDQA

v A A 1 .. S 9 d? v W ]
NAINUNHADDE (Remaining energy) inﬂ"le/lgﬂaiwuu (file.tr) ANNIDYY

s 60.000001000 0 AGT --- 30504297 diffusion 0 [0 0 0 0] [energy 2.972714 ei 1.921 es 0.000
et 0.018 er 0.088] ------- [0:254 0:255 32 0]



25

r 60.000001000 0 RTR --- 30504297 diffusion 0 [0 0 0 0] [energy 2.972714 ei 1.921 es 0.000
et 0.018 er 0.088] ------- [0:254 0:255 32 0]

s 60.000001000 1 AGT --- 503803434 diffusion 0 [0 0 0 0] [energy 2.994650 ei 1.923 es
0.000 et 0.005 er 0.078] ------- [1:254 1:255 32 0]

r 60.000001000 1 RTR --- 503803434 diffusion 0 [0 0 0 0] [energy 2.994650 ei 1.923 es 0.000
et 0.005 er 0.078] ------- [1:254 1:255 32 0]

s 60.000001000 2 AGT --- 1374534841 diffusion 0 [0 0 0 0] [energy 2.981294 ei 1.921 es
0.000 et 0.008 er 0.089] ------- [2:254 2:255 32 0]

r 60.000001000 2 RTR --- 1374534841 diffusion 0 [0 0 0 0] [energy 2.981294 ei 1.921 es
0.000 et 0.008 er 0.089] ------- [2:254 2:255 32 0]

Iﬂﬂﬁ energy: total remaining energy
ei: energy consumption in IDLE state
es: energy consumption in SLEEP state
et: energy consumed in transmitting packets

er: energy consumed in receiving packets

A A 2
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a J 4 T o o s &
ATTINUDS 1HuAd U luATeUe §115Y Group-based mobility model an¥MLMS
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2.3.2.1 Jutaa Random waypoint [18]

]
=1

. < A ~ %
Random waypoint model Lﬂuimﬂamsmaaummmuwaﬂﬁuwgﬂ
[ tg o 9 L] Y a 4 9 1
WAHIVUHUULTNG uazu1"1‘1J1611@Emm1w31ﬂumsammzwammuﬂuﬂmmmﬁumszuu
A A A o [ 1 9 1 A
Lll’f)ﬂ"lﬁlﬂﬁﬂi!ﬂsllﬂﬂlgﬁulgﬁﬂiIﬁuﬂﬁﬂﬂﬁﬂﬁgﬂﬂﬁﬂﬁﬂiiﬂugiuﬂ"luﬁﬁ‘]ﬂlﬂﬂigﬂ‘ﬂ‘ﬂﬁuh‘lﬁ]
dy " = A ~ a e 1 A o
Tupailiues Ivualinsnasunuuuoase (Independent mobility model) NAIADANYUL
A A v o I a o A A ' ) o
ﬂmﬂa@ummgmazwuwmTwungﬂuaﬁizmmmuwmTﬂuﬂ@mGl,umiasuw ansy

dy L4 ] = [l A < a A ~ Ya
Tueatiuaos luanngadlunisdigaziaenanusuas nanmsmasui lag 1535013
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! A A o % oA < A =

HUUFY (Random) GlUﬂ'lﬁLﬂa'l’]LWILW]ﬁgﬂﬁﬂlﬁﬂulcﬂﬂﬁIﬁu@ﬁ]gfﬁﬂa@ﬂﬂ')']llli'J!L'ﬂ%'ﬂﬂ'ﬂ']\ii@ﬂi]
! g . e = A4 A ;
ﬂ1§LLﬂﬂlLﬂ\?ﬂ'J']iJUWfUzL[]JULLUUL'ﬂf‘lg‘]_] (Uniform distribution) ﬂ')']iJLﬁ'JGlUﬂ'ﬁLﬂﬁ'ﬂu%ﬂggﬂQ'N
A d? ' A A < A o Y o 1%
Laaﬂﬂlumﬂumq [0, V_max] tU® V _max ﬂ’f)ﬂ')']ll!ﬁ'Jqqq@]ﬂﬂ']‘ﬂuﬂll'lﬁTﬁSUnﬂG]Tﬁu@Glu
A a A g ' A dgl =& ' ' =

IIDVUY LLﬁZVIﬁVHQiuﬂWimﬁf]'Ll‘V]ﬂ%x@jﬂqﬂm@ﬂﬂluﬂ”l%ﬂ@giu%ﬁﬂ 0N &

Y] ~ o 4‘ A = a S A
Wﬁ\ﬁﬂﬂ‘i/lﬁ]fﬂl“ﬁ@iIﬂuﬂlﬂﬁﬂu%qﬂﬂﬂﬂa"mﬂﬁ (1141/]?[1/]1\1!@3?131%&537]?!%

a

9. J Y ' = I ' . o g
"l,ﬂ) Lcﬁulcﬁaijﬁuﬂﬁlgwq@ﬂﬂﬂ%?Q!jaTWuq HAUTYNIT Pause time HASHAIINIATUIYULEDT

v
=

A a = 3 ] o 1 ' ] a2 4
T‘Viuﬂimtmﬂizmum’imﬂwwﬁmuﬂﬁﬂ ‘mmiqmﬁﬂﬂmﬂ’nmﬁ’auawmnNMﬂﬁLﬂﬁﬂM‘ﬂ

Y
dmsuaseae I uaasdanmilszneu 2-10

v fldammsaun vt

[ 4 { 4 ) o .
MNszneu 2-10 aNHULMIAADUNVOUTUITOS 11 UATIMTU Random waypoint model

Y 1 Y] A A o [ 9
AdanyuzMInaouNvourLEes lvuanga P1 lidwe P2 Al

a 3 A A 4?} 1 . . . . [ A =2
nrmaazanuNgniaenTunmuuguIugUiuy Uniform distribution ttaznasnini 1
4 ] Q [ Y [ ] Y
UYa1om1e a1 P2 105 IHUAIZ HYAR811FWNIUWNNY Pause time WaI91NFIAT]
o o 1 A 1 < a A A ule T & A @
Ues Ivuazimsguidenainus waziamalumamaounasalva danne P2 lud

Y
P3 §1%5U Random waypoint model 3ZMINNNTLUIUMIAINAIIUNIHUAIAITIADINT
M
f19819N15318097151M 1911V Random waypoint model: 3199415911911
o A =\ A A Y . .

VOIFUIDT InUale lviualnmsinaeun lagly Random Waypoint Simulator v.1.1 by Esa

Hyytia (2004-2005) uaa9aennilszney 2-11
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Draw: v nodes v links v legs IV iwaypoints! Pause | Stats | About

SIMULATION

Model:

[Random waypoint <]
[UnitDisk ]
Mo. of nodes:

20 -
Range

0.4 -
Time Increment:
oo -]
YISUALISATION

Sim. speed:

MNormal -]
Refresh every:
o

A 4 s A A A
Mnlsznou 2-11 MsndouNvous U Inua lagudasnaniaazdatenielumsinaoun

2.3.2.2 Jaiaa Random waypoint 13U NS2

o 4 { o
M3 1% Random waypoint model lumssaeanmsindounveusues Ivua

F4 E4

Twasove Tasled Tsunsu NS2 e1u150amuaunouaatl

E ~jrnz-alinone-2.33/ns-2 . 33findep-utilsfemu-scen-gen, setdest -0 ﬂ

% cd ns—allinone-2.33/ns-2.33/indep—utils/cmu—scen—gen-setdest
¢ ./setdest

“original 1999 CHU version <version 12>
.ssetdest — £1% —n <nodes?> —-p <panse time> —-M {max speed>
—t <zimnlation time*> —x <max X> —y <max ¥>

OR
<modified 20683 U_Michigan version Cversion 22>
.ssetdest —u £2% —n <nodes? -z <zpeed type> —-m <{min szpeed> —M <max speed>
—t <zimulation time> —P <{pausze type> —p <pause time> —x <{max x>
—y <max Y>>

(Refer to the script files make—scen.csh and make—scen—steadystal
te.cch for detail.?

Analseney 2-12 uaasiduie 19911 Random waypoint model
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Y] I'4
namniseneu 2-12 1911189198 ns-allinone-2.33, ns-2.33, idep-utils, cmu-
o w 3 o v A P o
scen-gen 1Az setdest MUAIRY setdest Wumdan1Flumsadraliansmuald Tvuaing
4 { 3 A o o < A <
waoun vzmuldiniioldmas ssetdest Tisunsunazuanadsmsldamu iy Tdsunsy

NS2 @314 Mobility model 13 2 jiuunfe

JUuUN 1 <original 1999 CMU version <version 1>>
/setdest -v <1> -n <nodes> -p <pause time> -M <max speed>

-t <simulation time> -x <max X> -y <max Y>

o Q'/ o ﬂ) 4 o 4 1 o
nnmds mmsad e lldndmua i Inuaiimandoun Taesmuald v <1>
A a Y A = A ~ A o A []
a0 Uuuu@AulumsadIidn Tnuaiinsndoui -n <nodes> fio $1uau TnualunTevis -p
. = 1 A J A A A 1 a <
<pause time> A9 FIWIAMHUIYOT |HUANYANTATOUNNOUNILGUININANIAZANUIT)
A ~ 3 ] A < A ~
lumsinasunasalyl -M <max speed> D ANWFTIGIZAVOINIIAAOUN -t <simulation
. A d‘ 9 ) ) A da' d' d’ ) Y
time> A9 12N 1% 1UNTTIADINTIIU -x <max X> ABVUIANUN TUUILAU X AR HUA IH
A ] A dy d‘ d' o Y A (] d‘ 9 9
IAFOUY -y <max Y> A0VHIANUN IULUMNY Y Anvualinieuis uaziiodams 14au

Yo o o o 1
%51%ﬂ1ﬁiﬂﬂﬁ36813
J/setdest -v1-n30-p0-M5.0-t50.0-x 500.0 -y 500

o 1 o o & o Y = A = Y .
nnatenmdudumsiivualy lvualimsmaoun laaly Version 1 Tvua
1 o ] 4 o 4 {1 { 1 a
TunFedelisuau 30 Trua Frenmimuses lvuargamsnaounnouiosgumInana
< A 4 2 ' A A < A Ao

pazganus lumsnasunas ity 0 3N ANUSIgIgAveIMIIAABUNIINY 5 1WAS
P a A Aq Y ° o A A A Ao Y A
@017 AN 1F 1UNT818094MTHINU 50 I VINANUNAMUATHIAToUE 5004500 AT

¥ v ' 9 v
dipldmdadananmaniane Tisunsuazad e Ivuauuudus Ui

]
=1

9 Y o o ] ] Y v 1 491 d'o

ARINT  uaIMruadnUved Inuanuugulvnuuday Tvuameluinunndmualuaou

A [ 09/’ 1 = [l < A ~ [ A ~ 9

SUUTH a9ty uaas Ivualumsevienazinasun laganyazmsnasunazls Random

) A a < A ~ a A ' =

waypoint model TumsdeniamMatazaANus I luMsdoun (denvumuvgnIaslns
' S| . .. . Y ¥ 3 v AN Y

panuaenNuLaziuuengl Uniform distribution) ttaztidesmamnudeyahn lavinms

. ' Yy e o
adrannso@suimdelasldaieavune > uazaudaiere 1Wd uaasdamnwilsznon 2-13



30

Jsetdest -v 1l -n30 -p 0 -M 50 -t 50.0 -x 500.0 -y 500 >

30 nodes mobility.tcl

E ~jns-alinone-2.33/ns-2. 33 indep-utilsfcrnu-scen-gen, setdest -0 ﬂ

5 .ssetdest —v 1.8 —n 38.8 —p 8.8 -H 5.8 —t 58.8 —x 58.@ -y S5AB.B>3P_nodes_moh
ility.tcl

Amalseneu 2-13 uaasidaie 19911 Random waypoint model, version 1

nndedumduilumsiudeyamanaouiivesTnuai1a 1310 lns

'
v A

4 o o o J A o J
30 nodes_mobility.tcl 1i3msdiassmsiian  ansaisen il 1y 1Fausy Indudnn
9 Y
Avams latae
sUuuun 2 <modified 2003 U.Michigan version <version 2>>
/setdest -v <2> -n <nodes> -s <speed type> -m <min speed> -M<max
speed> -t <simulation time> -P <pause type> -p <pause time>
-x <max X> -y <max Y>
o v & o v = A ~ v . &
nnmdutlumsimualilvuaiimswmaounlaeld  Version 2 &g
o d? S 9 J . A . = Y
WU TaeliUoanA1991n Version L5NAD Speed type Ll Pause time ﬂguamgmmﬂw
I I 1 < ll l
@onl4Ae 1 1Y Uniform distribution 118 2 1)1 Normal distribution mummw’mxegiuﬁm

. i 9 Y Yo o o o ] @
Min speed ne Max speed Llaglﬁ@@@\‘iﬂ’liel&]f\i'IUilgialfﬂ’]ﬁ\iﬂ\i@j@U’N Llﬁ@\jﬂ\jﬂ'lWﬂigﬂ@U 2-

14
/setdest -v2-n30-s2-m3.0-M5.0-t50.0-P 2 - 0.0 -x 500.0 -y
500 > 30 _nodes_mobility.tcl
& ~jrs-alinone-2.33/ns-2,33/indep-utilsf criu-scen-oen/setdest -0 ﬂ

¢ ./setdest —v 2 —n 30 -5 2 m3.A-M5.8 —t5A.A-P2 —p A.0 —x 5808.8 -y5

B3 .0>30_nodesz_mobility.tcl

Amalsene 2-14 uaasidaie 19411 Random waypoint model, version 2
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2.3.3 T@amsuns N3z v Id ey 14 INg
Tuaamsuns nsznevesdaanaingiluTuaafi 1 msviamemaiy
159VDITUYIM (Received signal strength) ﬂlaﬂwu@ﬁ%’uﬁﬂgmm dmFu NS2 nefdu 2.33 1
Tuamsunsnsznedayanadng 3 Uuuufigneson 13181900 fio Free space model, Two-

ray ground reflection model L/1¥ Shadowing model

2.3.3.1 1311A@ Free space
TuaaihiuTiaamsnia Received signal power TuiFegaund fmuald
Tnuafimsdadyana Tasfiiveuwavesdaanaiidnsazdunay  aruussvesdaaui
Tnuathesufiszesmalanaunsam IBnndaaaiigndinn Tnuadheds 1 Tnuadhes

g o9

18 Taensa (Line-of -sight) uamﬁmumiﬁ 2.1
P(d)=(P,*G, *G, *A*)/(4x)*d?L....(2.1)

A o Y A o Ao Y | v A o o 1
Wemvualn F’r ﬂﬂﬂ?]"lll!l,i\isll@\‘]ﬁﬂluﬂgimﬂiﬂllﬂiuﬂulﬂﬁﬁﬁ Pt ADNIANEN

] v J v J 1 1 o o
Tumieiad Guaz G, Aedasweevoumoimarhodaazieiumud v A Aennuen

4 o [ o [
A uaz L Ap System loss (§1m5U NS2 vzimuali G, G uag L fiauilu 1)

v AYY Y Y e o = ~ ) o
an lananludedudmsuTuaail Tnuaszliveuwamsdedynmoonlu

[ I 9 1 o [l A
anvazilunnay a1 lnualvuadesvegluveuaiinaursoveuwadyvued lvua

1 1 [ 9 o 19 ' @ [
theds  Tvuavzawnsosudyanalannadyana st Inualuuarhesveguenuouun

A @ 1 v @ 9 ) v A 9y dy
wnaunseveuadaynm Ivuave bisunsosudyanaldme  dwsuiimsldaulueail

Y
1 NS2 9zdoamriuan3e configuration 1inu 11/5unsuaadl

$ns_ node-config —propType Propagation/FreeSpace
set prop [new Propagation/FreeSpace]

$ns node-config —proplnstance $prop
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2.3.3.2 luaa Two-ray ground reflection
3| ' [ a
Tuea Two-ray ground reflection (HuTuaansunsnseaedyarainglu

[ o dyl o A o 9 4?’ vy o
U Large-scale d sy Tumatimanuusavosdyanui nuasyldvziuaseoilsndu

~

o Ao I 1 Y a @ 1 ' '
srozn e Anusvesdyansyla luldagninsanandyaangndsninTnuadheda
@ 1 o % . . 1A A A 1 @ Ao Y a
Falvuarhesu1aTaens (Line-of -sight) LAUNBINTAULAY? !,mﬂ’mmjwmﬁmuapmmu”lmﬂﬂ

o {1 v v v W . . @ { 9
NNHATINVOITYIUN NI INTRITUTy I TABAT (Line of site) tazdganandziion

W1 Tanu896251 (Ground reflection) LAAINTAIUIUAIANNITN 2.2
P.(d)=(P, *G, *G, *h* *h?* )/ d*L....(2.2)

defmuald P Aennuuswvesdyanaisuldlumiiesad P fosidada
Tumiiedad  Guae G, Avdavensvesmeimerhedaazihofumudwy huaz h fe
anugaueaaomarhedaazfosuaud ey wag L Ao System loss

SmsuaEmslFuTunaiily NS2 axdossimuanie configuration 1%

Y
Tasupsuaail

$ns_ node-config —propType Propagation/TwoRayGround
set prop [new Propagation/ TwoRayGround]

$ns_ node-config —proplnstance $prop

2.3.3.3 luaa Shadowing

v
= [

4
@50 Tuaa Two-ray ground reflection HUAIANULIIVOITYQIUN THUATY

g

4 1 1 v
I8TunssaeflendFuszozmedalumalfiauds  manuussvesdaanailnuadyldlila

E4
= 1 Jw = A

YUATIoTRNTUIZ o MUNB0EUALY  ANUUIIVOIT Y IVUILUMIUNIWMVUFUNTAIY
pilsdsaulunnaszeznei Tnuasudyana ieunnmanaounvesdyaIuInginods
4 1
Aaunslunions asiudyananudedidasuiannnmategdunia (Multipath
@ 3 { a <] [ 1 1<} ™
propagation effects) fa1iu Tuaad Idgninisanisziuasnainnie Tuaa Shadowing 11109
dy Y A [l ] I o 1 o 9
Tueatl lamudaauvesmsuanuasanuigdulumsdnumanuusesdyaand Ty
1 d 1
cdmﬂugﬂgmu Gaussian random distribution 130 log-normal distribution ATAITULUIIVD

[ Ao 9 [ A
dyaunsulduaasdsaumsi 2.3
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[P.(d)/P(dy)];e =—10plog(d/d,)+ X5 -...... 2.3)
A o Y = o A Ao ﬁJd'
omviua P(d) AvANULsIURIT Yy aunaeniulan
szgznd P(d,) ﬁammmwmé’fﬂgﬂunmﬁﬁzamné’n@ﬂﬁ d, i Yij Ao Path loss exponent
£ dyd? ' Y = . . . . AA A 4 ISP
HIATUVUATINDANINLUIAADY XdB A® Gaussian random distribution NUAMNANNFUYLLASHAT
I~ 1 y 1 o 1
anuulsalsrilu Oy AN shadowing deviation @MNTONMHUANIVON S LA Oy 1&an
Q3199 2-1 LAz 2-2

?13199 2-1 AN Path loss exponent NETA1IZLIARDUNAIAY

Environment Y;;
Outdoor Free space 2
Shadowed urban area 2.7t05
In building Line-of-sight 1.6to 1.8
Obstructed 4t06

{ ' . .. < Y {1 v
@159 2-2 A1 shadowing deviation NAN1IZLIAADUNANU

Environment O4 (dB)
Outdoor 4t012
Office, hard partition 7
Office, soft partition 9.6
Factory, line-of-sight 3t06
Factory, obstructed 6.8

Tumsimuaanmnadonndesms ¥ 1Usunsudiaesmsiian Ns2 414
Y A ! Ay = Ay o A Y 9 o
1ABUADNAN B 1A O NADINITNINATTWN 2-1 Haz 22 Nneu WaLINEen TauaINtnIg

v
configuration 190y T1lsunsudat

$ns_ node-config —propType Propagation/Shadowing

set prop [new Propagation/ Shadowing]

$prop set pathlossExp 2.0 :# path loss exponent
$prop set std db_ 4.0 :# Shadowing deviation (dB)
$prop set dist0_ 1.0 :# reference distance (m)

$ns_ node-config —proplnstance $prop




HanszNUMINIEMsIAdya I manaeuiivesliuanazmsunlsvesdyanaing

AoaNITOUZ VR INI Innoa las ardaanwIvy

[

=g ~ A Yyd = 9 o
uniilusisazioeamanaaey  euaadliiiudidedinavedIng Innea
3 & a(a_ o =2 g v o o A Y a o
lasaaaaniady  wannmsAnu luuniiduileledvgine Idimauuamalumswann
2 3 a|a_ o { { J A o
TusInaealasamaarihduluuni 4 emluuniisudie msanumslddyanaves
2 3 a|a_ o { Y @ 1o
Tws Inpea lasamaarihyu  Mlslunszuaumsiaduniaaensumssudidyanudoya
v 9 o IS A A J 1
Widedall  WluwansznunnmsndouNveusumes InuadodNssTouzY09 1N Innoa
< S a|n o 1 1 [ a 1
lasadaaniladu uazihegananiawansznuveImsunsnszedyanaIngloaussaus

w1113 Inaealas adiaanidulasednemuses 15ae

3.1 msannmsinayanavednsinaoalasadaa il vy

v d =3

3.1.1 Ingilszasnvasnmsfnmn
Y J = Y o < 3 a8 o

Tanuszasnvesmstnuims IddyanavesIns Inasa las adaaviildu
| o [ a [ 1w
Wumswenewtinnudnlanszuiumstadune  wazAnslSuamsiudedyanaves

J A ' < 3 an o a = A
U3 InualuniodievedIng Inaea laisadaanil gy Mnnquigmanaass Anyiman
a @ 1 o o 1 1% 1
eNMITUdIdyauvousuyos Inualumionts ou'ldun Interest, Exploratory data,

Reinforcement L8 Data

3.1.2 M392NUUUNITNAADY

Node location in network

x=135 y=500 x=405 y=500
|

Sink (4 3 2 1 0} Source

x=1 y=500 x=270 y=500 x=340 y=500

MNUIZABY 3-1 ANHAUZIATOIBLALA KUV U ULTDS 1HUA
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$1009m s Taeld NS2 version 2.33 SNHAULIATOUIBLAZAINUIUD
FL o = [l Y o o
FUEDS IHUALAAIAININUTENeY  3-1  1AT911815LNo UM UILDS IHUATIUIY 5
Trua Ao lvuai 0 Delnuaia agludumis x=540 WAT y=500 AT, x=405 1HAT y=500
AT, x=270 AT y=500 AT, x=135 UAT y=500 UAT 1A x=1 UAT y=500 LUAT (z=0 1AT)
o ! ! 33| . ) 1w o {
amdwy Taenlnuan 4 Wuaoiigiu (Sink) KmsdedyanalUdulatenisio Tvuai o
2 I a(a o I o § o
(Source) TaeldIns Inaoa lasadiaaniady  1uIns Inaoamssadumaneiimssuds
9 1 A [
VoyaszrIN Inualunievy
° A ~ ' =
mmaiuTvuanag 5 Tnualuugazniinaaoaauds 20 Tnua Tunngms
= A ~ ° 9 A 1 oA W A 9 A
naaodTvua liimandeun  Hvuald Tvuann Tnualumionelindsusudun 10 7

1T v

Twmdﬁayjaﬁwﬁﬁamammm (Transmit power) 660 mW uazﬁ’wffﬁlyjaé’f’wﬁwé’ﬁu
Fyana (Received power) 395 mW TasflvenivadayanaveTvuaniify 250 was [2][16]
(ﬂ'uwdﬁfﬁmuﬂmmﬂ AT&T’s Wavelan PCMCIA card) m3sranan g Tmaamsunsnsze
FyIUINgLUL Two-ray ground reflection wiine e 19 ums S 1aoemsiaaag
Fa913799 3-1

{ a g1 { o [
M13199 3-1 MawesagiimualinumInaaed

Parameters

Values

Simulation times

70 minutes

Network sizes

5, 10, 15 and 20 nodes

Sink and source nodes

One sink and one source.
Sink node’s location is x=1 m, y=500, z=0

Source node’s location is x=540 m, y=500m, z=0

Transmission range

250 m

RXThersh and CSThresh
(carrier-sense threshold and received

threshold)

3.65262 x107° W, 1.559x10™"* W

Two-ray ground reflection model

Transmission / Received /Idle power/

Initial energy

0.6 W/0.3 W/0.035W /10J [2][16]

MAC

IEEE 802.11[2][16]
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Range of signal at noded

(M)

Range of signal at node2

(V)

1 W o
AMNU5ENOY 3-2 VDVIUANM T AT U IUVDUTULLOF 11 UA

o

ailszney 32 uaAUILIAMNIAIFYRNAUURUTWFS 1vua  Tums

o

dy <3 Y 1 o % Y] 9 ~ 19 =
Vlﬂﬁ@\iu%'lﬂgﬂ’l]glﬂullﬂ'ﬂjﬂuﬂlma%T‘Hu@‘ﬂWﬂTiiUﬁﬂ ﬂJuﬂJUTil!llﬂmWT%Tﬁuﬂﬂﬂﬂ‘UNmﬂﬂ

bl

Tuanyauziuy 1-hop

3.1.3 wamsnaaesnsliduanaveslnsinaealasadaaniliu

Send and receive Interest

LAYER LAYER LAYER LAYER LAYER
ACT AGT ACGT AGT AGT
RTR RIE RIR RTE | o RTR
MAC TMAC MAC MAC MAC

@ O % 2 0 0]

nodesd4 to nodel

AMsznou 3-3 MITuaedya Interest TuAToU1E
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. o £ 4 4 o
vInmszno 3-3 doyana Interest QRRHUATUN Tnuaf 4 deliUdalnuailate
[ v Y
e Tnue 4-3-2-1-0 awdwy 103l Tvuan 4 a¥19doA2 Interest N¥U Application

k4 v
layer UNUABAT AGT udraane 11§95 Routing layer inudeduls RTR mminazas

9 dy [ A [} d'z 9 [ [
doanuiioon I TvualumiodnoNsu Mac layer unudieaunls MAC luanvae

[l [ 1w a { 3 J { ! ]
Broadcast W Triua lumiotnevziimssudedyanaingiduil TnuanoglndifioaTuuai 4

v

v <

Yo [ dy B A A A [ [ A 3 9 [l
ﬁ]zhlmuaiy,aunmu FIUUNAD THUAT 3 Tviuan 3 JUAUNINU Interest NYU Mac layer LUaIE

g 9
9

' [ . [ qﬂll A 19 dydl 3
a0 1Uda%u Routing layer Y01 Tuaoe a1 1ntiu Tvuan 3 azdeadonuilndu Mac layerlu

@ = Y A AN Yo o dydd A A~
anbme Broadcast ¥ lvualndmesn lasudyanuiinfe Tvuan 4 wez Tvuadl 2

g A Y A = =
AIZUIUNTUILADIUDIIUNINUDANUYITOTUNUIN  Interest 'ﬁ\‘lﬂ\iiﬂuﬂ 0 ‘]Jﬁ’lﬂ‘Vl’N BN

o 1 o v AN Y I . ' A 1w o
nszUIUMISUdsdyaIuaen Idnauezilu Flooding nanfioTvua 4 dedwyaalids

4 Yo o 3 1 ) Yo qg:
Tviua 3 e Tnua 3 1851929113 Broadcast dyanmae Tvuan lasuae 4 uaz 2 luduaou

9
o 1 % 1

Tviua 2 11715 Broadcast dayamae ualnuah 4 9z ludsdyaudeoilownnnneda

4

[ = Y
WIUUN LAY

=2

Send and receive Exploratory data

LAYER LAYER LAYER LAYER LAYER
ACT AGT AGT AGT AGT
RIR » ETR RIR ETE & | ETE
MAC ¢¢ [MAC] MAC| BAC] MAC

@ © z o ©

nodeD to nodesd

AMmlszneu 3-4 Mssuasdaaal Exploratory data 1uin301e

o Y

4 44 g v .
o Tnuah 0 FuiluTvuadatenessudyn s Interest 132 nszVIUMIAD 11
< ' o y Y Y g J
wwi)umsaa¥onu Exploratory data nau 11/daTvuaf 4 FadluIvuadunia (nszuiumsil
< o A y A g A v Y A Y A o 1y
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n3oelinassudu 10 1 Tnuadidoyadleiaedadyna (Transmit power) 660 mW
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A 250 1WA [2][16] (AUMAIHMKHUALININ AT&T s Wavelan PCMCIA card)
o d‘
MMsnaaodn 15 uua, 20 1vue, 25 1vua, 30 TMua uaz 35 1vua

o w ' o A < A A o A

SRR Tuuaagmanaasaimamuanus lumsimaounveasures Inuaneglu
A 0 oA = A A
IATDUIIAIU 0 m/s (”lmmimaauw), 0.1-2 m/s, 2.5-3.5 m/s, 4-8 m/s, 8-10 m/s, 10-12 m/s LR
o w J [ < ] o3|
12-14 m/s MUAAY  udazsIANUSIWMIanuaInNuztuuuengl  (Uniform

) [ a J 3 { o o @
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‘ﬁ 3-2
A5197 32 W1i1ﬁl§l®§@hﬂﬂ‘ﬁﬁ1ﬁuﬂ1ﬁﬁﬂﬂ1§ﬂﬂaﬁﬁ
Parameters Values
Simulation times 200 minutes
Network sizes 15,20, 25, 30 and 35 nodes
Sink and source nodes One sink and one source.
Sink node’s location is x=70m,y=70, z=0
Source node’s location is x=620 m, y=620m, z=0
Dimension of the topology All sensor nodes, except a sink and a source, are
randomly located and moving in 670 m*670 m
Mobility speed Uniformly distributed: 0 m/s (No-movement), 0.1-
2 m/s, 2.5-3.5 m/s, 4-8 m/s, 8-10 m/s, 10-12 m/s
and 12-14 m/s
Transmission range 250 m
RXThersh and CSThresh 3.65262 107 W, 1.559x107"* W
(carrier-sense threshold and received Two-ray ground reflection model
threshold)
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Parameters Values
Simulation times 70 minutes
Network sizes 15, 20, 25, 30 and 35 nodes (Small scale network)

25, 50, 75, 100 and 125 nodes (Large scale network)

Sink and source nodes One sink and one source.
Sink node’s location is x=70m,y=70, z=0

Source node’s location is x=620 m, y=620m, z=0

Dimension of the topology All sensor nodes, except a sink and a source, are

randomly located and moving in 670 m*670 m
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MAC

IEEE 802.11[2][16]




77

4.4.3 M5IA
1 < 3 a (1A o
Wisuevaussaussena Ing Inaea lasaaanWi%u  (Original Directed
1 Y
diffusion: original-DD) waz Ing Inneanindue (Exploratory data reduction: EDR) Tududati
v Y
) [ [ [ Y2 Y] o
1. 1uunselumssuaadyara Exploratory data MAHUAUDAULUADS Iua Ty
1 o [ v o yd v o 09/’ [y [ Y] 09/’
3ot dmsuariatillumsiadiuauasslumssudedyn s Exploratory data MNWUAUDY
P v = ) 20y = ! o
HUEDT 1HUADIN InuaauN DY Inualateniy Faeeslimudennuuanaialums lvidya

Exploratory data U9 original-DD itaig EDR

Y
o [

o 1 o { o qu/ o
2. Swnuafilumssudedyananldlunsdadumamuavessuyes 1vua

]
9

Y
[ v o I v o [ @ Y
Tunseane  ardathiflumsiaswounsalumssudedynna Interest, exploratory data, tag
. 09/’ o Y =2 [
Reinforcement  M4WUAVDIKUIEDS IHuadIn Inuadunda Ivuatlarens  Taeluiiusou

o 9 : {9 v o Y o {q o o g P
dyanudoya (Data) Favzdldmiudams IidyapavesIng Inneanldlumstaduninounoz

= o 19
UMTTUTIUDYA
9
v A

Y qul A A 9 o <3| v 1 Y A
3. Wail\‘ﬂui'nl‘ﬂ\“l?m@‘i/]I'ﬂuﬂiumiﬁ]ﬂﬂﬂi% GI’)'J@uLﬂuﬂ'li’J@ﬂ1Wﬁﬂﬂ'luﬂ‘l@ﬂ‘"]

' Y 13 1 o { o Y 13 19 qgj !
Trualwniovield llnnmssudedygu Tns Inaoaotams sudumaazs udadoyaa e

3 Y
FUNTZUIUMITIUNTZNINNANAINTTIA0INTNINU

a d [y
4.4.4 HANTNAADIUASIDITUNANITINAADI NMIAATEY I

g00 T T T

00 L- Original- DD[Two-Ray] | oboooooooeoo . e g
—&— EDR[<2][Two-Ray] : :
—HB— EDR[=3][Two-Fay]

BO0 o EDR[ed)Two-Ray] [ TR

| T T s
400
| AT ECEEEEREr L L EEEE AREERPREEREREEES

200

100 F

Murnber of times of sent and received exploratory data message

4
0
i
15

5] ¥R -

25 30 35
Mumber of nodes

4
amlszne 4-13 S1auasalumssuaadynas Exploratory data



78

Y I 1 A o
naramInaaedlunmilssney  4-13 waaaliifiu Ins Inaeanvinaue
1 o a I
EDR[Two-Ray] (1% Tataanmsuns nsznovesdaanaingdunuy Two-ray ground reflection) 611130
v [
AN IUIUATIVBINM IS UE oA Exploratory data 1A11NNI1 Original-DD[Two-Ray] W3 Inaeai
o ° Y Y 1y Y Y A o =
Waueansonmua ld e ¥ Inuadadonay  Exploratory data  1#un Inuadhafesdiaun
Tvua M3 ld Inuadende lUds Tnuadnafsaiios TiuaRey EDR[<2][Two-Ray] 131508931194
m3lFdaana Exploratory data upanioute launnnin msIn IvuadendslidaTnuatdnaufosaes
A [ o’/’ o Y
Tviua  EDR[<3][Two-Ray] tazamlviua EDR[<4][Two-Ray] H30110011U MImiruald Inua
onde g lnuathafss ldminuswauvesInuadnaufesiunigavesTnualaTnuaniialu
A 1 - 9 I~ = .. @ 1 1 A ] = 09/’
1n50U18 Waf lavzilunsal Original-DD[Two-ray] sndeenautu lunieviell Tnuanavua 20 Trua
A A o 9 = o & A dyd AAo 9 =
Truan 1 d31mu Truad1uAssd uIu 5 Tnuada lvuan 1 iduIvuanlsau Tnuaieneewn
A A ~ = [ A ) ' Y o Y [
AgalonSoumeuiuTvuedug  durneanunnidmuald  EDR[<6][Two-Ray] maifivua

@ 1 I I 4 1 ' 1Y
aananaviunsal Original-DD[Two-ray] tHee9n1M3 I Inuadende Ui lnuadaufed]d s

'
A Ao

qu/ A A ] 9 =} ~ 9 [ A (Y < (]
Tvuariu Trnuaoug luaseu1enu81uiu Inuad1efenlesnmsomny 5 1Muana@mnsads
Y Y Y A Y A o A o
WA Exploratory data 1#un Inuadnufedlansunn Tnua anwamsnaaoudoimsmus i
Trualunsevienn 15, 20, 25, 30, waz 35 Tnua uud 18U SUaUaANY Exploratory data §1151

Sw Y ' ~ L. Ay Y Y3
EDR n84na1iesn31nsal Original-DD[Two-ray] tazwah Ia lunmisenew 4-14 uaasliifiuii EDR

o 09/’ [ |2 § [ 09/’ o

aunsnaadualumssudidyanan s lunmsiadunaiuavessuses lvualy

] $ g v o 3 [
150918 @QnJuﬂ15’mmmuﬂiﬂumﬁumammm Interest,  Exploratory  data, U@QE

. @ Y Y
Reinforcement mnﬂu”lmﬂfu@ YINU
1200 - T r

Original-DD[Two-Ray] | H
1000 |- { —&— EDR[=2][Two-Ray] L. A

—H&— EDR[<3][Two-Ray] : :
—&— EDR[<4][Two-Ray]

1 1 S B S (- RLETERRERRRRR

GO0

400

Mumber of routing packet transmissions

200k

|
15 20 25 a0 35
Mumber of nodes

4 1
amilszneu 4-14 Suasslumssudedaanaildlumsdaduna



79

o

= 1800 . . .

o ] ] '

@ ; : : -
o — : :

= 1600 -+ Original-DD[Two-Ray] I 1 1
= —&— EDR[<3][Two-Ray] 5 ! o
£ 1400 (1 === Original-DD[Shadow] -4-----smmmromomdoooooeas AR
® -—%=- EDR[<3][Shadaow] : : o

2 1200 - o e L -
= ! : e

o ' I if

= , . -

2000 - oo ooeeeoee e b e it SRR EEEE .
z : D e :

= : — :

- - - e P -
= : . :

[u:]

=

o

o

5

[0

o

=

5

5

_

=

=

=

Mumber of nodes

Y
Amilsenow 4-15 Iauas s lumssuasdaanal Exploratory data

2500 . . .

Original-DD[Two-Ray] | ! E &
: : ’

QEDDD | = E[?F‘].[‘:S][TWU'REY] __:__________________;__________},._*_'__:

i ==#== Original-DD[Shadow] | & -

2 --=- EDR[<3][Shadow] ; P

2 : ! %x'

Z1B00 - ------ oo oo d booooeeeeees P .

& i : e i

g : e

= | ¥

S1000 {----------- oo : '

E ]

=

5

_

=

=

=

Murmber of nodes

=

4
amilszneu 4-16 Swauasslumssudedaananldlumsdaduna

nwlszneu 415 uaasdmauaselunsuds Yoy 1@ Exploratory data Wanua
vouzuyes Inualunsovie (Number of times of sent and received exploratory data message) 4ae
milsenou 4-16 uﬁma‘imauﬂﬁzﬂumﬁudqﬁﬂgaﬁmﬁGlﬁ]’f“l,umﬁ{Tmﬁumqﬁgwmﬂlmmum{
TnualwaSevis Welimsfinsandwaveslmaamsunsnsznevesdyaaingfiuandiaiude
Original-DD tag ns InAvaditiuaue EDR %Lﬁullﬁ"jw"?qamgﬂumﬂﬁlﬁudnﬁaT‘wﬂ‘wﬂaagﬂ

) 1A ¥ o Yo ¥ a A .
Tsuluasevenannuadeuiiansaz Indnuan muianaouas e 1aen1siny Shadow fading Ha



80

e & Y 1w 1 aA g . '
‘w”lﬂﬂafu1uaim:N1uﬂ15mmaﬂmwm%qammimmﬂuTmﬂa Two-ray ground reflection @Y
uvvesdy i Ins Inaealunsal  EDR[<3][Two-Ray] #ag EDR[<3][Shadow] Niidueodin

Yosningal Original-DD[Two-ray] 4 Original-DD[Shadow]

< 1 o 3 [ 1
lupmilsznen 415 wannmsnasewdasldwiuidmauasslumssuds

[ ) ° 1 2/' dyd 1
1 Exploratory data N38! EDR[<3][Shadow] #1n31 EDR[<3][Two-Ray] padlumsiznlu

k4 [

Tutaa Shadowing YuAdUMIAITRY I Interest 1WUAA1Y TunTov1ei Tomafivzsudyna
110 Tnuaiiogr1ean Tnuaeannnal 250 was lagdeya hillanuAanain Wuruienu
[ A ] A o Y = ~ dg’ =KX A Y o =
Trnuaaie lunsevigaziinuiu Tvuadnufesnunnyy - 3msldyaia  Interest 33galu
Qle dy d‘ 9 lc?/’ 1w LY dy [
Jupoutl Wordgiunoumsdedyaa Exploratory data Inuadaienisezasdygai lid

o { [T I o w o @ 1
Truathafesswaudes Tvuan Tnuadatene ld5udyanar Interest 1Huddvusnuazdiui
= qu/ Au IA A A
aee  Fuaes Inuansunae Tnuaied lnaganazsosaunanTvuaaenie  (Howuwnnnlu
k4 k4 Y Y
Jumpumsdidyaal Interest lruansdosiiamnsodsdynnadclvuatatenield) Trvuans
= U

Ao o < o A Y =2 A A dy A
ﬁﬂ\?ﬂiﬂﬁﬂluiy”Imﬂ?ﬂiﬂuﬂﬂa"lﬂ‘ﬂ'Nﬂﬁ]zﬂTLuuﬂWﬁiuﬁﬂnglﬂﬂ’Jﬂu ﬁ]\ﬁJI@ﬂ"lﬁQ’\iT]ﬂTﬂiuWHVI

670 AT * 670 AT (Sensor field) i InuaNMIMsTUdIdn I8 exploratory data §11UTT0Y

5]

o

4 o 3 o
Lﬁ’f]xiiﬂiﬂﬂiﬂiﬂ‘ll Hop ﬁ@ﬂﬂjﬁuﬂﬁuﬂ1ﬂﬂﬁin1iﬂiﬂﬁﬂl

U1 Exploratory data 18 uazds
A ] Ao ] 421 di’ A = [ 3a o Y a 1w

n3oueNT MU Tnuanu U uIuM e TuNuRVIIAREINY noei 1 Inuaansoaaneny

TriuaNog199n Tnuawanni 250 waslade daunsalluaa Two-ray ground TnuAdZdq
o 1 < { o

dnya Exploratory data 1§ Tnuadnufes]d Inaganfenvenvesdyaim (250 was) uazdl

Tomenaziia Error Inuanimssuasdaya s Exploratory data H8112u110n1038 luiaa

. o < 1A o o [
Shadowing $147W Hops Nganinazilidnyna Exploratory data e1150aand IHUARUNIG

Y
=

(vnewia: lierue 11N Fading effect shldmsdedaanalnamu 250 was mwizmsnaaoin
Y v

fuuasalunmssudadyin Exploratory data N38) EDR[<3][Shadow] 1111 EDR[<3][Two-
Ray])

° o v 1w Aq Y o Y o

Tunmilsznou 4-16 uaselumssuasdyananldlumstaauniaiivue
o A 1 = 1 I I o

Yo UFULEDS 1 UAlUIATOUI8NT Al EDR[<3][Shadow] §4n31 EDR[<3][Two-Ray] fiilums1znsiiy
o 09/’ ] [ 1 o I v o o’/’ o
Swuaslumssvasdyaanlslumstadumadumsivswiauniwesdyana

1 Y
Interest 1A833 Flooding 19111828 Fafismiuinnlunsdiluma Shadowing MITINIIUIUATS

o 324 o 4
Ypd R M Exploratory data 191 11Agasi 1¥unnaiu



81

100 , . :
i i s A
50l Original-DD[Two-Ray] | 4. R i
==#== Original-DD[Shadow] | /r'
zal- —f&— EDR[<3][Two-Ray] L

--%- EDR[<3][Shadaw]

Energy consurnption (1)

- i | |
14 20 25 30 34
Mumber of nodes

[ :ll 4 1 9
AN3znoU 4-17 wasnusmNnIruan Ivua lumsotne 14

9 o A A Y £ o A
mnlseneu 4-17 uaasnasnusaunauai lvualwnseviely selaninnish
A 1 Y o [ [ A o = Y [ ]
09 Tnua lwaiedelsndsnuanmssuasdyn i Ins InavaiioIamIouduN 1Az U6
v Y & ~ A Yy . 1 ~
Yoya WalnuIWNIMuan Inualuaievielsnsal Shadowing 9gIn3INTal Two-ray ground
Y v
reflection tagNaINUTINHIMUAN TnualunTev1e1¥§1115Y Original-DD[Two-ray] 4@ Original-
v 2 Y Y
DD[Shadow] Ha1g4n311ns InAvaiiiueauona EDR[<3][Two-Ray] ttay EDR[<3][Shadow] 1141l
iosnn Ins InaeaMinauelinnuanniolumssimuadauTnuadiufosnsudady g
S o 5 ° ' [
Wurald EDR eu150aA3 11431 v0999A Y Exploratory data 1a#esi 19 Ivua lumseviensain
1%Tns InaeaMinaue EDR eunsadsendandsnuldaunniimsnIvualunievisneundy

(9 ! o Y = Ao a
Ay 10 Exploratory data Tagmisds ldanne Tnuadnafiesnsudona Interest w1 lugiuuuau

4.5 agiwamanaasy

o IS)

< ' 1 a a
wannmanaaeaadlimun Ins Inasamivausidszansnnlumsanams

Y o d' a o & Y ad 9 o
Tdyaa dng Inaeanunmpuanuiuily  Are3smsaamsIndyaa Exploratory data

3

nszuaumsTadumsvesIng Innealasadaanihduluguuu@y dawaldTvualunsete

@ Y 9y o 9 [ [ 19 Y ]
ﬁ"liﬂiﬂﬂigﬂﬁlﬂWﬁ\i\i’]uuazIﬂuﬂGl“]flﬁ]a']Lluﬂ’lfl'ﬂTViuﬂLﬁuVl'Nﬁ’lﬂiﬂiﬂﬁ\ﬂlﬂﬂvaqﬂiﬁﬂﬁjﬂ'm

Y

=
UU



azilwamadIdeuazuazdorauonuz

o Y o = o v 9 2 3 aa_ o

wan ldimsanyazsiamn Tns Tnaeamssadunialasamaanildu aw

[ o Ay o = A FY dy 1 =
agilszasnvedlniamsItedesisazea luuni 3 uaz 4 ¥wdd Tuuniiszaansnalves

9

awv ) Aav v A t4 ) v
e flymezgilassalumsiauise  sounansaliazderduonuzdmsumsoony
@ % 2 & a1 o { a a 4 o J {
uaziau Ins Inpeamstadumalasadadihduniilseansom  eidluilse Temidedn
Y = 3 o aw v A ) A g A A
aoamsinymazdununlumsiannauisensanievismuses 1me  viedmdugi

> Y
LNYIUDI

5.1 agdwamsIve
= Ao Y 3 1 [ Y o 19 S
HaINMIANEIITEUAA NI MITarudunelumssudaveyaved Inuall

1 1 o (% QEJ} o v !
N'GW]i’]ﬁi]iﬁﬂugm@Q§$UULﬂ§ﬂﬂJTﬂL“BUL%ﬂ§ll%jﬂ'"lﬂ ﬂQHUﬂ1§W@Ju"IIW§Tﬂﬂﬂaﬂ’]ﬁﬂ@kﬁuﬂWﬁﬁﬁ

@

A Aa I <3 { o A A o 1

ﬂigﬁ‘ﬂ‘ﬁﬂ']W%ﬁ\i!‘]Ju‘]JiSmuﬁﬁ”lTlTﬂgluﬂTﬁﬂ"ﬂﬂfJ ﬁnﬂfﬂﬁﬁﬂ'ﬂ?‘ﬂ‘]ﬂfl'Julﬂﬂﬁ”lﬁaWﬂJWW‘]J’J”l
a o 1 o a 4 { 4

HANTENUVRITMS IHdynna Msunsnsznedyauing HagmsnaouNveuUEes 11iua

poaussouzvedIng Inaealasadaaniadu  Shulszduidenuiaulaazneldinadse Tomd

9 EJ
[ Y% aw ddlrlﬂ}
f

& ' 4 YAy ¥ o Y Ay Yo o
ﬂﬂiullﬂﬂlﬂﬁﬂﬂﬂﬂﬂTNg‘V]hlﬂﬁ'Jll'VNﬂﬁ(lGINTLlIWiIVIﬂﬂﬁVIhlﬂi‘UﬂﬁWﬁlu"l ANUUITUHIIYU I

1Y Y Ay o

) Y ] 3 a|a o <] 1
MmsanywazdlsulgaIns Inaeamstadums lad amaanihsunnilsznuidsainan

o

o [ o Aw 3| 9 = Y I KR o Y o w
A1MIUNITNIIY ﬂT!ﬂumﬂQﬁﬂH11WlwuﬂQﬂiyﬂ’lllagqlaﬂ’]ﬂ@mﬂ\iIWjIWﬂaa

v a1 Yo

< g a a o g a a, 4 § o
lasadaauddumulszdguidenlditaus 13 Tas3sninaass ionaziin 1 lad s
[ Y Y o w PP 42’ [ us.:} ~ SR =
ATzUIUMIdAdUN LAz Yesnaved Ing Inaoaldassiy auiuluunin 3 Fuddumsdnulu
] o 3 2 a(y o o
dsgiau nszvaumslidyanavedIns Innealasamaariidu mstadunmavesins Innoa
<3 S A q v Aa =3 1 ~ a d? 9 9 a [ 9 [
lasamaaniduniinsandanansenuaaananusamnavy ld luaamnadewssa  su'ldun
Y] 9 A A = A ~ o [ 9 Aa =
MIVAUFUNINNITAIDINTIAADUNVDUFULDT 11 UA HAZMIIAFUNNNIITUIDY

AuANbUZYOIdaIMUING  TUMIANEINTZUIUMS IR TYIAINNTZUIUMTIATUN VDT

99

< S a|a o [ 1 o
TusInaea lasa@aavihdunui  lunszurumsdadunsvualunsetelins 1 dya
Tws Inaoafige laun mssudedyian Interest 1Az Exploratory data Wa91n35ms 14 dnyg o
d‘ d" 1 1 9 [ A 1 1 [ 9 d‘Q
Tns Inaeangatidawadons lsnasnuved Inualunsovis Tuaiuveansdsad@unIannsan

= A A o 1 ] A A A =
mmimaeumlammmeiT‘Viuﬂwum ﬂ'ﬂlllﬁ'ﬂuﬂ']iLﬂﬁ@uﬂﬂlﬂﬂjﬁl‘lﬂllagﬂlu']ﬂeuﬂﬂLﬂﬁ'f]le"IfJ y

82



83

1 @ 1 o Y v < 4 {
Wﬁ@]’E’Jﬂiz‘]J'Juﬂ'lii'ﬂﬁ\‘lﬁ'ﬂlﬂ]'lmllﬁgﬂ'lﬁ‘l"]fWﬁQ\Tlu ﬂ’J'llILi’ﬂuﬂ'li!ﬂﬁ'ﬂuﬁﬂl’f]ﬂiﬂu@!tagﬂlu’lﬂ

g9

'
[ [ =

o {1 % 1 1 1 @ 1 <
ﬁ]Wu'JuIﬁlJﬂﬁﬁNﬂu%gﬁﬂWﬂ@]ﬂﬂWiiﬁﬁiﬂﬂﬂﬂ!LL@%W@QQWUW@Nﬂu drumsnaaodlulssaums

D)

a

@ { a @ o [~ o o A a
ﬁ]ﬂ!,igf}u‘ﬂN‘ﬁW%Wﬁﬂ‘!WEQﬂmﬂﬂBﬂw"UfNﬁiUﬂﬂﬂnﬂEl Lﬂumiﬂmmm‘ivmmﬂwmﬁmﬂﬁ

99 q

Tws Inaealasamaanihdugnlfluanmnedensss  mannmsnaaswansliiiuiinim

wilsdsruvesdyanaingnionsunlvesdynuing AIHAADNTZUIUMITAIFUNINUDA
o [ . < [
Tws Inaoa ld Tnualims Ifdganaingunndusald Tnuatinms ldndanugeam
= A < o
wamsAne luuni 3 WunwamlumsesnuuuiannIns Innoa
< 3 a|n o R A o o
lasaaaansn sawaadluuni 4 msaadyaar Exploratory data IagmIwauINszuIUMg
1 9 A A ' . Y 3 1 A o
JArduUN19NGeNI EDR algorithm wamsnaaouaadlvimiud Ing Inpeanitauedinisnan
o J QSJ‘ 1 o o
ms I dynaTonesiealudunoumsas Exploratory data tagInuaamninlszndanasau
1 I S a(a o a
11 Tns Tnaea lasadaawilagulugauuay

o l

' < an A o 3o Ay VoA ° '
@8’1\3‘13ﬂ@]']1]'3‘5ﬂ’]fl'i/luqlﬁu@ﬂﬂ\jﬂ\iumﬂi]’]ﬂﬂ@ﬂ NAINDNITAAVIUIUNITEN

U

Y0A2  Exploratory data weslwua gnimualasfoenuuuluneusuduvesnmsirasims
0 B n Y a z:g/ v [ 2 A Y A a 42’ A []
NMU “NhliJhlﬂl,ﬂﬂsU'LlﬂﬂN@ﬁTuiJﬁﬁ]1ﬂﬂTiL‘]JaEJ‘LJLL‘]JﬁQ“IIi’)\1ﬁﬂWWLL’JﬂamJ‘VILﬂWUHGlumiﬂ"U"IEJ
1 1 9
YULNIaeIMItau  FImsaas uiumsaa¥endy  Exploratory data HA392W13HI0IN

Y A a dgl 1 o o = dgl [ ] [} A ~
ﬁmwu’maammmmuim:mwmimammimqm G]fﬂﬂlu@flﬂﬂﬂﬁ'lﬂ“"]ﬂi]i]ﬂ WY NI UN

U

1 @ a <3| J 2 3 a8 o
woInua uaz msunisvesdaanuing udu uennniiudl TusInaealasadaariiuly

a 9 ' 1A Ao ] 9 9 A A
Eﬂl!ﬂﬂlﬂnﬂ@uﬂn\?fﬂg Robust 171 EDR ﬂa'l'Jﬂalli]qugulﬁuvn\n\l’lf]Wﬂ‘lﬂIwu@ﬁuﬂ’]%a@ﬂlwa
A o oy o 1y A Y Yo =
Eluﬂulﬁu7]%flurnii'U’(?f\?ell't’]ll”aﬂ5m1/]1]Wa'lfllﬁ'Uﬂ’l\‘i]lﬂﬁﬂﬂq'lﬂlﬁﬂﬂ'lﬂ



84

5.2 vz dorauonus

5.2.1 ey

4

€

9 A
NOU

U
Y
U

aiuludu

F4
U

' Y

UV

4
Ay A

nuiteibdumslsulgains Innea lasadaaniladu  deseaningluuiay
= o o d' a 9 = dgl
apuvosmsany Tsunsy TuTdsunsudrassmsitinu Ns2 aduldgnidieuiuain
I Y
1geonlumsiinnudnlaldsunsy Feanudh b luTdsunsvanduiiugiulu

duapumud lu a1 Tns Inaealais adaan g

5.2.2 Vol UIIUL

0o Ay Yaw I 1 dy I o
INNIINTIVY WIVYNUI mamummzmllﬂu%L‘]Jw,!,mmﬂumsw@Juﬂwﬂ‘ﬂ

Y] < 3 a (A o { a A
aoamsdardun lasadaauidu nudszansnm

5.2.2.2 EDR algorithm Ninauedaniiivesinae

a 1

52.2.1 hluﬂ"liﬁﬂ‘]eﬂﬁﬂﬂ Nﬁﬂi%‘ﬂ”ﬂiﬂﬂﬂﬁLLW'iIﬂi$%18§ﬂluﬂlWmﬁﬂﬂﬁﬂﬁﬂiiﬂugﬂli’)\i

9 Q

2 & a5 o A ' o a A

Tns Innoa lasa@aaniadu msden Tueamsunsnsznedyanaingnil
1% o a Y A 9 a A o Y
AauanyuzyesdyIuInglndifesaaimmsldauiannigasz i In
a ¢ PP { ' 1 o A
ﬁ“]?f]jﬂ')lﬂﬁ’]gwwa]’lﬂ@ﬂqmu !Lagﬁﬁwam'f]!Lu'J‘Vl’l\‘lﬂ'ﬁW@Ju’]TWiIﬂﬂ@aﬂﬂJ

YseanTam maiuTuaansuns doyaIuIng Rayleigh 1ag Rician fading

]
S 1

o o Y aov
lumssaeemsiinuenlvwanmsiteniiauls

v
o

TUABMIMNUUATIUIUYDI THUA

(a9

Fd Y
%

Y A Ay o = A v
VIVAYGINTIVDAIY Exploratory data hl Qﬂﬂ1ﬁuﬂﬂlu1uﬂlu@]@uliﬂﬁu1ﬂﬂ

e 2. @

a L] [

9 o @ 1 " Y va A
doonuuy mstmuaainan bildinaduedisdaTudasinmsnlasunilas
A 4
yosammaaonluniolsvaziug auiumsaenswiumsdsdonnn
A a dzl ' o va Y ad A A <3
Exploratory data MNAYUBE1990 TULAAI8ITNT HIoN150191n A9 Naw
BRIV MsAdoUNVe Tnua LaZNMTUNTNTZBURIT Y IUINY

= g A < o = A
mnJuﬂizmuwumu%uazzﬂuummqmiwmuﬂuaum@afmmaaﬂ



85

UITMIYNIN
[1] 1. F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci, "A Survey on Sensor
Networks, " in IEEE Communications Magazine, pp. 102-114, August 2002.
[2] C. Intanagonwiwat, R. Govindan, and D. Estrin, "Directed diffusion for Wireless Sensor
Networking," IEEE/ACM Transactions on Networking, Vol. 11, No. 1,February 2003.
[3] Z. Li, H. Shi, "Design of Gradient and Node Remaining Energy Constrained Directed
Diffusion Routing for WSN," International Conference on Wireless Communications,
Networking and Mobile Computing, WiCom 2007, pp. 2600-2603, September 2007.
[4] Y. Cui, I. Cao, "An Improved Directed Diffusion for Wireless Sensor Networks,"
International Conference on Wireless Communications, Networking and Mobile Computing,
WiCom 2007, pp. 2380-2383, September 2007.
[5] S. Zhoa, F. Yu, B. Zhao, "An Energy Efficient Directed Diffusion Routing Protocol,"
International Conference on Computational Intelligence and Security, CIS, pp. 1067-1072,
December 2007.
[6] K. Lyes, B. Nadjib, "On the Performance of Directed Diffusion in Dense Sensor Networks,"
The 4" International Conference on Innovations in Information Technology, pp. 113-117,
November 2007.
[7] N. Hu and D. Zhang, "Source Routing Directed Diffusion in Wireless Sensor Networks, "Asia
Network for Scientific Information, Information Technology Journal 5(3): pp. 534-539, 2006.
[8] J. Jang, "A Study on a Sequenced Directed Diffusion Algorithm for Sensor Networks," The 9"
International Conference on Advanced Communication Technology, ICACT2007, pp. 679-683,
February 2007.
[9] J. Liu, Y. Li, Q. Chen, Y. Kuang, L. Hu Y. Kuang, K. Long, "Energy and Storage Efficient
Directed Diffusion for Wireless Sensor Networks," International Conference on Wireless
Communications, Networking and Mobile Computing, WiCom 2007, pp. 2460-2463, September
2007.
[10] M. Tan, J. He, J. Jiang, "The Probe Into Reflection Model of Large-scale Fading,"
International Conference on Wireless Communications, Networking and Mobile Computing,

WiCom 2007, pp. 1064-1067, September 2007.



86

[11] R. Agrawal, "Performance of routing strategy (Bit Error Based) in fading environments for
mobile Ad-hoc network," Proceedings of 7" IEEE International Conference on Personal Wireless
Communications, ICPWC 2005, pp. 550-554, January 2005.

[12] A. Booranawong and W. Teerapabkajorndet, "Effects of Mobility on the Performance of
Directed Diffusion Protocol," Proc. Electrical Engineering conference (EECON), 2008.

[13] A. Booranawong and W. Teerapabkajorndet, "Impact of Radio Propagation on the

Performance of Directed Diffusion Routing in Mobile Wireless Sensor Networks," Proc.
International Conference on Embedded Systems and Intelligent Technology (ICESIT), 2009.

[14] A. Booranawong and W. Teerapabkajorndet, "Reduction of Exploratory Data Messages on
Directed Diffusion in Mobile Wireless Sensor Networks," Proc. Electrical
Engineering/Electronics, Computer, Telecommunications and Information Technology (ECTI),
2009.

[15] K. Akkaya and M. Younis, "A Survey of Routing Protocols in Wireless Sensor Networks, "
in the Elsevier Ad Hoc Network Journal, Vol. 3/3 pp. 325-349, 2005.

[16] C. Intanagonwiwat, R. Govindan, and D. Estrin, "Directed diffusion: a scalable and robust
communication paradigm for sensor networks," Proceedings of ACM MobiCom '00, pp. 56-67
Boston, MA, 2000.

[17] T. H. Ahmed, " Simulation of Mobility and Routing in Ad Hoc Networks using Ant Colony
Algorithms," International Conference on Information Technology, Coding and Computing,
ITCC 2005, Vol 2, pp 698-703, April 2005.

[18] S. Gowrishanker, T. G. Basavaraju and S. K. Sarker, "Effect of Random Mobility Models
Pattern in Mobile AD hoc Networks," IJICSNS International Journal of Computer Science and
Network security, Vol.7 No.6, June 2007.

[19] The VINT Project, "The ns Manual (formerly ns Notes and Documentation)," A
Collaboration between researchers at UC Berkeley, LBL, USC/ISI, and Xerox PARC, April

2008.



MANUIN

87



MANUIN N Network Simulator version 2 (NS2)

88



89

nl. Unin
@ A ] qu/ 9 = 9 ] 4
MINAUIIZVVIAT V1T UIZTADINMIIN IATIA 1Az szU gl
1 ~ 9 A [ A 1 ~ a 09/’ A [} o [ 9 :Il
aanldlumsreudansovieninue  Tumsiezaadaszuumioned msums ldauriu
Yy o A g =2 & = 0
9ZADINMINATDUMININUVDITT VAT 0U1Y allumsennaznadouMININUUDY
A ' J Ay Yo Yy 9 A
szuunsee lasmsnageuriuglnsaiaeg i ldimsneszouiudy  ilesninmang
A 0y ] = YA 0
szuunseeassldulszinanaznannnis luquanznadoumsihauvess sy
A ] ] SAq Y I~ a 09/’ v ~ 1 A 1
n3eve lasmsnadovriuglniainlsluanuiuess  Mduilumsidesdeszuuniovls
a a o & { o o o
nnaNuAaNMaluMsNagouze  Jelianuduilunzdesiimsdrasamsihanvesszuy
A 1 a A A Y o =2 o A ' Y '
w3ouMUMINAToUIzY oz Idimsanymsiinuvesszuumionieluauaing
IHU WOANTIUMTYUAS Packet Tumsivdsdoya msAnyIMsMIuves Traffic YUTZUY
30U MIANEIMInIzIIUMsTauvedIns Inaea  uasmydszliuaussauzves
A < 9 dy Y = A o 0 A ]
A58 1Wudy wenantuad Ml lsunsungielunssiasamsinnuvessULNIoY

Ao a A [} Y a d = Y] av 9 A [} =
ndszansnmdenelvinalse Texinemsany uagNaLIUITENIAIUTZUVIATOVIDN
Y
2

PagiiuTdsunsumsdaesmsinuluszumnionts NS2  (Network
. . Yo a 9Jq 9 v Av < ~
simulator version 2) 'lmummuﬂmm;ﬂmmzum%ﬂ NS2 1u Open source 141TDNIE Run

Y 4
I&ianu Linux, FreeeBSC, SunOS, Solaris 6 Window Qﬂﬁwuiﬁuiﬂﬂ ISI (Information
o o <3| . . b
Sciences Institute) T5un5u91909M1591197% NS2 13]U Discrete event simulator AUUFAYUNT
109INITNNNUVBY TCP, Routing, Multicast protocols over wired {82 Wireless (Local Lag
=t

< o
Satellite) network e Wireless sensor network L‘]J“L!GB]}L! NegaANuAIVITa lumMTuaag

3180108AVRINAIINN1IFaRINITINURENIN Tuguuun N

N2. HanN3NIUVDI NS2

___________ ™ Nam trace file

Fowimionos. + Do

Otel Seript | | 2\ frace file i
T ! i
User | i Perl and Awk scripts » Results

h Y
C++ network elements |

—  » Generates

amilsgnau -1 Iﬂi\iﬁ%}Nﬂﬁﬁ%‘ﬂuﬂl@\‘i NS



90

vinnmilsznou n-1 lFam150a319 Otel Scrip, C-++ network elements Hag
Perl/Awk scripts titotiunlFlumsoenuuuiinesmatnuveaniodn Tasgldadre ci+
network 3o 17Ty Object Moy Library aunsaisen1s1dTaeison1mu Command
84 Otel Script #431 Otel linkage 1usfivzFen Object 11 library Funldandie ot Script
gnilszuiana

Maem3seuiana Otel Script 923514 Nam trace file 1182 NS trace file i
Nam trace file ﬁiﬁi‘fu%zgﬂﬁﬂﬂiﬁﬂﬂ Nam tofiazii lhlszunanauazuaaanaooninlu
sUuupveInsWln Tuaiuvea Perl oy Awk scripts suvzi3en14 Ns trace file 10151 Ns trace
file 11 Filter W 1&kadnsoonuuiiu Results Favzqnisendas Visualization tool 154 Xgraph
wie  Gnuplot ievziunadnsmiiuaamanmssiaesmsiauveuniets  Taens

1J5LuraNav09 NS2 uaadnd Mwisznou n-2

NS2 Implementation

Simulation

Scenario . .

s |
1

C++

Iimplementation

amlseney n-2 Mmsdszuianaves NS2
mi 190 Ns2 Tedaeaniie c+ uag otel Tagfims IFamiimaiy ai
1. C++
- 1datraInsInnea wag Application Agent
- AToMMUARANTIALAZNTZUIUMITNINIUVEY Packetmuﬁﬁ“l%'ﬁmms
- I3laounsiianees Object Ty CH e 1305195 Non-standard

policies



91

2. Otcl (Object Tool Command Language)
- 1% lums@eu Simulation scri t, Configuration LQ1g Setu;
p g p
- NAFOUNAVOY Network parameter 1agn15911nsiasunt/asarlu Object ¥99
C++
a o A a 4 9
- 3Lﬂ'§"|$1’iNﬁ“’lli’NﬂTiL‘]JﬁEJLlLL‘]JﬁQWTﬁ”IiJmﬂﬁIﬂfﬂ%ﬂTﬁ Trace LUATHTAINANI

9
U190



wAa Y A
sz IRy

d‘ a 4

¥o ana UIBOAIAY 1IN

staszadinfnmn 5010120120

UM IANY

a d' U = d' o [ =S
9 ¥oaau Unausamsanyn
AAINTTUAAATUUNA PHINaIaE N 2550

(%’mﬁm‘h\hﬂﬂmﬂumﬂm

=< d' Yo \ =3
NUMSANEN @lasuluszrinamsany)

1 1 a 4 a @ a 4
numgmﬁﬂu AUSIAINTTUAITNT UUR1INYIAYTIVAIUATUNT

92



