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Abstract 

This research presents the development of a low rate wireless sensor. Wireless 

sensor networks are cheap and comprised of a small fully autonomous processing, 

communication and sensing devices. The purpose of this study is to develop the system 

for monitoring and flood warning. They will work with wireless sensor network (WSN) 

system. WSN has been restricted power supply, communication distance and low 

computing power. But they will work with network in vast area, send and receive raw 

data from each sensor node. It has the ability to cooperatively collect data and 

retransmit in order to process or alert. The first step of the experiment is creating main 

node and sub node in flooding area and finds transmission of data between them. 
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1.1 LA~irrh tlVI".i'l;)ilJ1-1'if,tI 
Lfl;'B"lh£J~7T;JilJH~1£J )Wireless Sensor Networks: WSN) "il:;U7:;nalJ'ii"J[.J~~ 

~7T;)ilJ (Sensor Node: SN) ~iim7m:;~1£J~"lLiJ,"-;ij1'1.j,1"UI1nh~vt,"~~71~i'IJLL'iiGl::~~ 
m1~ilJ U7:: nalJLU 'ii1 £J H1,"U7::3J1G1 f..JGI LLGI:; H1,"~a~7 ii'VI "1~'VIanfi aL111~'VI;'a7a L'VI ~m7nr 

'II q 

~~'"1~~:;~71"ililJn1 £J1 ,"lJ7L 1 rn J," L~a71lJ713J..ua3JGI~~,"1"il LLGI::H"nalJLu~~rnit 'VI an 
'II 

(Base Station) L~BU7::3J1G1f..Jel tr~'l'lr,"iim7Wf1l,"1 WSN :l.J1U7:;£Jn~3Jl1,rnlJ"1,"'VIGiltl ']
• q 

arh" L"li,"m7mlJfl3Jm71,rv·af""1,"n1£J1,"Blm7 m7m1~ilJm7Ln~L?lih [1] ".i::lJulmn 
q 

ml3JUGI a~.n£J1 WU1," 'VI1B B1m7 m7~71"ililJflm1,"m"'YI'VI17 LLG'l::~," 'J ~'iiel"m7~7'l~ilJ 
'II 

L'VI~m7nr ~ii1elm~Ln~'VIGl1t1 C'I"il~ 1~tl~ii~~~71~ilJ, SN LLlJlJlf~t1 l~tl~LLiiGl:;"il~
q J • q q 

~"n~ilJ~:;ii"lm1~L~n 'f1mLli~,,~~i"L'ii~l £J Lli9ia " ii1":lJlJ7B":ru vt,";'1," (Network
'II D

. 1 !.II ..r d.,/" !1 'I ,. :'1'" "" '1. 11 ..r d::' .....
Infrastructure) yn 'VI L,"lJ1"~,"'YI'Yl(i1B"m7LH1~ L3J~'Lu,"~B"L"lI' Lu ,"~,"'Yl,"," 'VI1el~el" 

'II 

ril'V1,"~~' LL'VI,"""lIB" WSN 1~ £JlU1tl'VI;'elt1"~1(i111~ilJ aU1"H3JlW~{,"~J'" .,r"J,"m1mlJfl3J 

1".... .... 0 ..I dOL" 
q 

.. 'I" .,/ 
q 

.... '.J!
m1 -n~GI""l,""lIel" SN "il"3Jm'3J~1flru L~a'Yl~:;'Yll 'VI SN LLGI::Lfl1"el"llltllll"'," L~,"',"Yl~~

v q 

,ti11im7BanLLlJlJ7::lJlJ1,"LL'iiGl::.ffw'J.,a"1::lJlJ (System Layer) liia"1iml3JtntlqJ"lIa"m11,r 
.... d" d 

~GI""lwtmel tl'Yl ~~ (Power-Aware)
q 

...,... 0.... 1...... d"" d 
m7elelnLLlJlJYl L'VIm13J~flru"llel"m1 -n~GI""',"'Yl,"Btl'YIR~ "1'"tn7'l'il"llB" Itziar v q 

• It'" ., A A'" •
Martin et al. [2] nGl111'L~'f1::ml3Jm1'V1,"1"l1fl"mijlfl'Yl1B,"fl~"lI,"'~LGln (Micro Electro 

Mechanical System: MEMS) rl11i WSN ii1'm~,1,r~a""1,""B£J) fl1£J"lJfl"LL'VIa,,-;i'tlL?I
q 

hfl.'ii,",," 3-5 iJ (Lfl1e)".lhtliim'3Jilijll~1,"m171lJ'-13J..uB3Jijl LL'iiiiier·ihn~"lIB" WSN 1,"'ii,,"
'II 

"lI fl" ~a"",,", m1U1::3J1elf..Jel LLel::'VI1..b mn'3J,j, 113JJ"~13J'1t1Ui'tlLU~ tl,"L~B,"L"lI"lI fl"1::tllJ 

Lfl1fl"lhtl '-ULLlJlJ (Topology) ~'3Jfm',"m1rn1~ ii"ll,"'~L~n iim13J,"'L~fltifl iim1ui'lJU1"
'II q 

..ufl3JGlm1-r~1it1nliifl"L~ L~11::iiBumnrnTl~11'i1ilJ SN m::"illtlBU'VIGl1£J 'J'iI~ 1,"H1,""lIB"
'II 'II q 'II q 

SN ~::iim7rl,,,,,"mj'VIGil tl 'Jib," L"li,"~1i'mi"iruru1 rn1'Yl tl ~iim11,r~a""l,"~" ~"m71,r
\I ill ill it \I 

Q,.f .f' to.,..-o.,..- "'" CI,.of, '" OJ Q..! • ..1#11 ~, ... 
~GI""l,""lI,"atlntl m7f..J~3JRruruTm fl~11m11lJR""lIfl3JGI mGl"~" LLGI::-n1-3'Y13Jm11lJR-3"l1B3JGI

\I"'" \I \I 

LLGI::V-3~fl-3iim1W"il1'-m'Rt11,"::"lJB-31::tllJ L"li," m'-"-3 m7i'lJ Rt11,"::1'-3 (Idle State: flflLli 

1lJ'VI1fl"-3..ufl3JGI) LLGI::Rt11,":: m1'V1tl~Wn (Sleep 'VI1flil~) rl11im1BflnLLtltl1,""1,"itliifl-3ii
'II • 

.A. "f"" .. to.,..-... I 

m'-'W'iI,,-ml ,"Bm,n'"tl-33JR1,"mtlfl3Jm11lJ1 (Sensing Ports) LLa:::R1,""lIB-3m111lJ713J
• 'II 

..uel3JGI"lIel-3L'VI~m1nr ,"Bmnnitv~iim1i~m1 m71,r~a-3~1," L"li,"m1i~m~a-3~',"LLlJlJ
'II q 

LflgB,"L'VI1 (Dynamic Power Management: DPM ) 'VI1Bm7i(i1m7LL1-3.,r,"LLtllJLfl~B,"L'VI1 



• • 
• • 
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(Dynamic Voltage Management : DVM ) md"i~nTrnJLLUUmd"i'ua.,1L"lf'U. Proactive • ... 
Reactive (On Demand) Protocols 'VI~mLUUf..I~:IJ (Hybrid Protocol) 

md"1li'umd"1iVii.,1.,11'U. loannis Chatzigiannakis et al. [3] 't~L~'U.E11~md"11.,1 SN ..51 

(Redeployment) 1'U.d"::'VI'l1.,1md"1li'utlld"t~fHJa (Protocol evolution) iimd"lli'lJLll~ll'U.t~ll 
L~1~L~ E1'U.L"lI"lI El.,1 Lfi1E1-ll1 ll) fn1:IJ'VI'U.1LLU'U., Vii.,1.,,1'U. (iimd"1li'u~1d"1.,1na11'U.md"'VIiuLLa::~'U.... 
(Sleep-awake schedules) "lIEl.,1 SN ~LtI'U.'YI1"'L~Eln~~~~~ C. Perkins et al [4] i.tYLR'U.El• 
1~md" 'VI1Li'U.'YI1"'~1:IJtiflLLa::d"::1l::rn.,1~1:IJfn1:IJ~El.,1md"LUVi1::n"il (Ad hoc On-Demand 

Distance Vector Routing: AODV) Liang Cheng et al. [5] L~L~:lJL~:lJmd"i~md"L~El"'Vii.,1.,11'\.l, 
L~Ela~md"1il'H~'.,1.,11ULLa::md"1iVii.,1"'1'U.Eltil.,1R:IJ~a Siva D. Muruganathan et al. [6] LtY• 
LR'U.El1D-nld"fiwvmiwYl1." LLUU ml:IJ~ iimd"fnUfl:lJRtl1U<Wl'U.LLUlJLfl~ El'U.L'VI1 (Base Station. . ... 

... 1.... G,.ot..d Ill.. 0."

Controlled Dynamic Clustering Protocol: BCDCP) :lJnld" ".I5Via"'f1a~a.,1 L:lJElLfltlUnU 

tlld"tlilflElaLLUUmi:IJL"lf'U. Low-Energy Adaptive Clustering Hierarchy (LEACH). LEACH• 
centralized (LEACH-C) LLa:: Power-Efficient Gathering in Sensor Infonnation Systems 

(PEGASIS) 

1.2.1 md"1ld"::Untllf11.,1f1'1111d"• 
1ll.d":.:t1::L~:lJtY'U. Lfl~El-ll1 U~11"iliuLi'inU flnlld"::unIil1,nll.rn.,1f1'V111 L Yil1::-h:U'U.Ol1fl1 ... . 

fln nld"fln fl1il1l11 al uLllU\,'J 1 ll.Rll. 1:IJd"U El1"il"il::Lli ii f..Ia m:.:'t1UnUmd"l11.,11'U."lJ El.,1d"::uu 1iId"1"iliu 
... '\I '\I 

fn1 :lJfl.,1't1'U R1 :IJ1d"flivln1d"il1 LEl.,1'ttY LLa::fnll1f1uIilEl'JiElUnYi1El.,1 ri11~Lfl1El-ll1 t11i111"iliu H 
inEIL'III:lJ1::num1hr.,11urn.,,'t1'V111 m1Lf.l1~nEl."nVi Elllmm ufI]).rlm.n m1a1~~d"::L1'Wil11"il 

'II • • 

1i111 "lI El.,1fl1il1... 
1.2.2 m11l1::unvlrn.,1~.,1LL1Ii1iEl:IJ• 
m11i1d"1"iliULvlth [1] Lfl1El-ll1U~d"1"iliuHinti 

m11i111"ilim.hfb:IJ 

1.2.3 m11l1::unvl1l1U1uEl1fl11• 
L"lfUm11l1::unru'U.U1'Uellilt'U.ml t~tIL~El:IJIiIElnuDllmmLvlvhL"lfU Lfl~El.,1lli'UEllmT'l 

'1111mt1Lll1l1::E.Jn1il1ll.ioM'ltn.:nUelliitUml L~El:IJIiIElflEl:IJ~1L~ElfLLa::ElllmmIilEl'Vb.,1 'VI1mhl1l1i 

1Unl1,hEri"m.i1fn1111la ElIiI.rl tI 

http:ElIiI.rl
http:L"lfUm11l1::unru'U.U1'Uellilt'U.ml
http:i.tYLR'U.El
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1.31iim":iGl~~B~ml1":i 
~1'j.utlfl'qj El th.:J'VIi1..:J"lJ El.:J Lfl1El"lh rJm1';)~ill1'in rJ ~ Elmd~1fi Iii El~El~ldm rJL 'l.l.LmEl"lh rJ 

~';):.yh1wff'l.l."lJEl.:JLfl1El"lhrJ (Network Layer) ~'VI~lrJl~ L"1l''I.I.md~.:Jmd1El.:J''lJEl ,;)ln~mil.'VItrn 
(Base station) 'VI1ElElUmrn1El.:J"lJEl (Sink) m:,;)lm'lilLU1'1.1.Lfl1El'lllrJ1IfirJL3.h:lJ,;)Ifi~.:J'limJ~

III III 'II 'II 

A I '1.0' ~~ A .::f .. I ~.::. ....
(Query Flooding) [15] 'VIdElEll,;),;):~.:J"lJEl3J~LVIlfimdrn'YlLnIfi"lJ'I.I.,;)lnEllJmrnmJIfi'l.l. (Source)

'II • • 

m:,;)lm'lilLU1'1.1.Lfl1El'lllrJ 1IfirJL3.id:lJ,;)lfii'lJ'liEl3J~ (Event Flooding) [16] yf.:J~El.:Jl~dL'VI3J1:nlJ
•• 'II 

d:lJlJ~~L'VIlfimdrni.3.i3Jln~n ~md1i''Vitr.:J.:Jl'1.1.3Jln tJ.:J~l~~'I.I.6) ~m"1l''I.I. l~~~mdL,;)l:,;).:JL~Eln• 
Li'l.l.'Y11.:J (Directed Diffusion) [15] 'VI1Ell~mdL~Elmi'l.l.'Y11.:J,;)ln Sink LL~: Source (Rumor 

Routing Algorithm) [16] 'VI1Ell~.yh~rJ'I.I.LLlJlJmd'VI1Ell'V1ld"lJEl.:J3J1fi (Ant Colony Algorithms) 

[17] 

l'YlrJl'U'Viwi'd L~'I.I.Ell~mdui'lJLu~rJ'I.I.'VIihnmdfil.:Jl'1.1."lJEl.:J1'l.l.1fi (Node) ~,;)1fi'ild1';)ilJ• 
1iL'VI3J1:~3JnlJ 'Vitr.:J.:Jl'1.1.~L 'VI~ElElti"lJEl.:J1ii1iJ'I.I. L~ElmdUd:'VItJlfi'Vitr.:J.:Jl'1.1. U~:fil1i 1'1.1.IfiEltiL'I.I. 

'II 'II 

d:lJlJLIii'l.l.l'1.1.3Jln:B'I.I. LL'Yl'l.l.~';):h1~mdL~3J ElUmrnlfid1';)ilJLLlJlJ 'Vi~11fi1fi13Jl~md"lJEl.:J [7] LL~• 
1i'mdui'lJLu~rJ'I.I.mdfil.:Jl'1.1."lJEl.:J1'l.l.1fi1'I.I.'VI'Il'1~ ~1i''Vitr.:J.:Jl'1.1.'Il'mJ~.:J 1IfirJIiiIfiLLU~.:J3Jl,;)ln1~md 
"lJEl.:Jd:lJlJ Ell rnl'Ufl3J3J1fi113JnlJmdm1,;)~EllJd:liilJ'Vitr.:J.:Jl'1.1.~ L'VI ~ El Elti"lJ El.:J1ii11'l.l.1fi 

'II / 

1.4 3J1il":i;)"1,"'2IB" IEEE 802.15.4.. 
LiI'I.I.LULIii"lJ El.:J.:Jl'1.1.1irJ 1fi13J3Jl 'iId;Jl'1.1.d Lliiiil'V1'1.1.lfiflrn~3JlJ"i "lJEl.:J Lfl1El'lllrJL1inrJ~1'1.1.lJflfI~... . 
UlJuerlfidlmdi'lJ~.:J~l (Low Rate Wireless Personal Area Network, LRWPAN) L12 05'1.1. (2 

4 ~ ~ 
Layers) f1El"n'l.l.mrJl1l'Vi (Physical Layer) LL~:"n'l.l.dEl.:J"lJEl.:JLL3JfI (Medium Access Control Sub 

Layer) ~mdiil'V1'1.1.1fi~1'1.1.~~lJ~'I.I.'I.I. "lJEl.:JElUmrnLLlJlJJlr.J 2"nitfl~El ElUmrn~fil'V1'1l'l~LiiL~3J~ 
(Full Function Device, FFD) LL~: ElUmrn~fil'V1'1l'1~LiilJ1.:J~1'1.1. (Reduced Function• 

• 1 .. .... o.r
Device, RFD) 1fi13J3Jlf1d!1'1.1. ~lJmrnLLlJlJ FFD ,;):~'I.I.lJ~~'I.I.md'Yll.:Jl'1.1.'Vi'l.l.!l'1.1.'Y11.:JmrJm'Vi 

LL~:LL3JfI d13J 49 Eltil.:J LL~ ElUmrnLLlJlJ RFD ,;):~~lJ~'I.I.'I.I.LLfi 38 Eltil.:J md~f1~El~Elind"lJEI.:J 
.1" .,. ......1........1 .1" ~'" 


EllJmrn FFD ';):fIlfiilElnlJEllJmrn FFD mEl'l.l.6) U~: EllJmrn RFD Lil• .. • • 
1.5 '-:::1J1JLihi"Lnillt1n13J 

1 'l.l.lJ'Ylfl1l3Jd L~'I.I.Elmd~~'I.I.ld:lJlJmdL~1;.:JLnlfi'j.hYi13J 1ilr.J1i'1ii1ild1';)ilJLLlJlJL1 

inrJ d:lJlJLfl1El'll1 rJL1in rJ,;): 1ifl1l3JihflrunlJmdud:'VItJil'Vitr.:J.:J1'1.1. LL~:fil1i 1 'l.l.ilElti1 'l.l.d:lJlJ 
~ 'II 

Lii'l.l.l'1.1. 6) ~'VI~1 rJl~1'1.1.mdud:'VItJlfi'Vitr.:J.:J1'1.1. L"1l''I.I.l~mdL~3J ElUmrnlfid1';)ilJ UlJlJ 'Vi~1Ifim3J• 
l~md"lJEl.:J ]3]1'1.1.md'Ylil~El.:J1i'~umrnLfl1El'lllrJL1~lrJill3J3Jlild!1'1.1."lJEl.:J IEEE 802.15.4 [4] 

1ilrJ3J1lfid;Jl'1.1.d ~mdiil'V1'1.1.il"nitil"lJEl.:JElUmnr 2 "nitil ~El Full Function Device (FFD) U~:;.. . 
Reduced Function Device (RFD) 
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d 
lJ'Yl'Yl 2 

'Yl qltDLL~ : i:i':n.t,f1 Lfi 1I'l,ju\I'h.t,\l1'";~1I 

} WPAN 

802.119 }802.11a 
HiperlAN WLAN 

--~--~~~.1~1b~~~~~I--~--

802.11 

10 nx100 

f_··M._. _____ ___ ---.-.~.W ~'. ... - -...... .. ~ ....... ~ .... - ............ - -.- ... .., ... ""t 


I 

1Location Finding System ~ ~ Mobilit.er 
I I'.I , 

" . 

i ------- --- -- -------1 , , 
I 

Power Unit ~ Power Generlllor: 
, , 
• I 

---------.-.~----~--

http:Mobilit.er


• • 
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'VIll.1£J<i111'ili'U'il::LU'\.uh,"~<i111'ili'uL'VI<i1m1m i'1J"ljEl3JfI'il1n~.:Jbb1<i1amJ LLa1utlfl.:JLU," 
~ '\I 

RQlnnmlvJvh LLfI::Ltl~£mLUWnmJfI~Y1El3J~1L<i1ErfL"lhh 'VI~m{.:JRruru1mfl1uY1111tlLi1
- - '\I .., III • 

Eltlmm~," G) LLfI::U"~El.:JL~mJnu'VI'\.b£J<i111'ili'ui1~," LbU.:JbU," 3 ,h,"flEl• 
• .1 '" ~ .,'" .1 ",..I ....2.1.1 GnWlIEl.:JElumm<i111'il'ilU (Sensor device unit) u1::nElU<i11£J Elumm'Ylfl11'il1<i1 

'VI1ElEltlmm~i'uimJfll,"1tlLLuu!ii1" G) L"li," Elm'VIl1ij, LLlH, LR£J.:J LLa1u1lfl.:Jl";Lu," 
.. '\I ~ .. '\I 

Rruru1m1vJ-yh l<i1£J'il::~El.:J iim1tl7u"lm1<i11";L'VI2.J1::R1I LLfI::Utlfl.:J Lu,"iEl1lflfl El1lVi1LfI Elf 
" " '\I 

2.1.2 "1'"tl1::1I1f1~fI (Processing unit) 71JLLfI::Y11UY111m1utlfl.:JiEl1lfl~li1l1111n 
• '\I 

,h,"m11Ui'u ,"11111.11::111 flt:.IfI LifEl"~," L'~ ElL<i11£J 11 LLfI::i'<i11tl LLUU,) El1lfl~1U::i'fI"" LLfI::rJ.:JiiGt1'" 
'\I 'Il 

~'Yi1'V1,"1~1,"m1i'<i1'V11Li,"m.:J (Routing) LaElnihu'VIll." 'VI1Ell,"<i1~iT,"1U::".:J1iEl1lflltl1,.;
'II 

2.1.3 Gt1,"m1~ElR11 (Wireless communication unit) 7U1tlLLUU,)fl1lfl ~tmi'<i1Lfl1£J1I 
'Il 'II 'II 

VI ... • ,..I .A'" '" ..I ,.... VI ... .... ..I, .. 
L1111Lufl£J,"Lu,"RqJqJ1m1'Yl~ (Radio signal) 'Yl1U::~".nR·3LLUU ~1R1t1 LLfI::'Yl1"m1'Yl~,"m11U 

Rruru1ml'Y1£J1U1n 'VIll.1t1~'" G) LLfI::LLtlfl.:JLUWljEl1lflL~Elii.:J1";'VIll.1 £1111::111 flt:.IfI 
.., .... .. \I 

.1 s~1 

User 

o 
o 

o 0 0 

DeB o 

E/.....--·' o • ..4 
o o 

Q o 
o 

(Sensor Field) 

1,"m11i'£J<i1El,"L~1I~,"l~'Yl<i1f1El" <i1111111<i11'i1,"lIEl.:J IEEE 802.15.4 L~ fll1<i1RElUY11111... 
LU,"ltllillEl.:J.:J1,"1i'£I <i1111111m'i1Wn lifi1'V1,"<i1flmR1Iu1i 11 El.:J LY11El"li1 tJUR1mh,"uY1Y1f1.... . 
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LbUUer<il11nTlrua~~1 (Low Rate Wireless Personal Area Network, LRWPAN) l1' 2 offu (2 
A ~ ~ 

Layers) Tlf)"11um£.Jm~ (Physical Layer) bbGl::"lJU1B~"lJf)~bblJTl (Medium Access Control Sub 

Layer) iim1Ti1l'1U~a1Ua~uauu "lJB~BUmmblUU~1£.J 2"lJit<il~B BUmm~'Y11l'1,r1~'~b~lJ~ 
~ • q 

(Full Function Device, FFD) UGl: Bumm~ri1l'1,r1m~1J1~thu (Reduced Function 
~ 

.1 ~ ~. ~ 
Device, RFD) <il12J2J1\;]1;J1U €llJmnUtUU FFD ~::auuauunTlm~1U~U;J1WYl1~mEJ1)Tt'i

• q q ~ 

LbGl::Lb2JTl 112J 49 mh~ Lb~ BummbbUU RFD 'ijJ::a~uauuLbfi 38 Bth~ m1~\;]~B~Bal'MJB~ 
.1 ~ A' ..... 1 ~ .... ../ .1 ~ "11"'1 .1 ~ 

BlJmm FFD 'ijJ:;<illfI<ilanUBlJmm FFD <il1BU 6) LLGl:: BlJmm RFD ~~ ~£.Jf)lJmm FFD 11:: 
q q It .. 

ri1~1U'~ 3 imttu.::t1€l 

1.i1U1::H1U~1mTl1mh£.Ja1U1JTlTlGl (PAN Coordinator) • 
2.i11h::H1U-31U (Coordinator) 


3.Bumm (Device)
• 
'.,,1 §' 0 e;..J.~ .. I 6' 1;e::4 AI ~ ~ ~ "'" ..

LL<ilBlJmm RFD ~::ml'lU1nL1JUBlJmm B£.I1~L~£.J1 m1LTlGlBU£.J1£.J"JJB2JGllJ 3 GlnbttJ.L::flB 
• • '\I 

1:;nnBumm1ui1u1::H1U-31U (Device to a coordinator) • 

2.~1ni1u1::H1U-31U'U~Umm (Coordinator todevice) 


, .1 ~.J.'I ....... ~ 

3.1::l'I11-3€llJmmnBEJ m1::~1JLlfI£.J1nu (Peer to peer) 

• '\I 

C\ 

a 

1n1u1Glii"JJB~bfl1B,hEJ LRWPAN ~dj 2 inbtm::tia LLUU m1 (Star Topology) ua::uuu 

1::iuL~EJ'lr1U (Peer to Peer Topology) lU1uLLUU<il11\l::iim1~~~il~ilH11 1::wh~ PAN 
'\I 

Coordinator r1UilUmm ~-3ilumm~-3l'12J1fI1ULTl1B'hEJ \l:;ii@i1Ul'lU-3LLUU"ll£.J1£.J (Extended 


Address) LLa::H1lJ11mu~£.Ju@i1LLl'IU~LtlULLUU~ (Short Address) l~EJ PAN Coordinator 

.J • ../ 1 ~ ~ ~.... '.1 ~1U"lJtu.::nn1m1L"JrB2J EJ~m12JalJ'Vmlmu 1::l'I11-3BlJmm (Device Associate) • 

1n1u1il1v LL1J1J~ 2 (Peer to peer) ii PAN Coordinator Ll'I~ilULLU1J~ 1 LL~Bummu~ilI::i1 
q 

H12J1111~~~ B7::wh-3r1u'~ 1U7::EJ::nl'l~~~B"lJ B-3lL~ilI::ElUmm 1n1uhud H1lJ11ml1111• 

mailto:LLa::H1lJ11mu~�.Ju@i1LLl'IU~LtlULLUU
mailto:l:;ii@i1Ul'lU-3LLUU"ll�.J1�.J
http:m1::~1JLlfI�.J1
http:B�.I1~L~�.J1
http:Tlf)"11um�.Jm
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UYIYI 3 

nT'nJi'Ut1J;~J'",Vi"1~'lItJ"t"(PlL~;tJ'lhtl LRWPAN 

-iJ1'Uii'EJd'YhlJ'UhJ'mm~r1'h~fl-iJLLlJlJ NS-2 [12] LL~:; NS-2 simulator for 802.15.4 

(release v1.1) [13], [14] 

. 
3.1 nl,.tltlmL1J1Jt~7tl'!htJ LRWPAN iiih;~tJ,.::tJ::u.,.n 

t1E1nLLlJlJ111mh1 'YIhJ1~[jLLlJlJ~11"111nlJ 1'YI1tl1~[jLLlJ1J1:;tillJL~EJ1n'U lIDj~m:tm:; 

LLlJlJlii'U1li (Tree Topology) ij PAN Coordinator 1 1'UCfi Coordinator 11 l'U~ LL~:; E1tlmm 
\ 

iin 10 l'UCfi lJ'U~"lI'Ul~ 50 fil171-iJLlIfil1 fi1~-iJR-iJ1:;EJ::'Y11-iJ 15 LlIfil1 1::EJ:;L1~1')1G1t1-iJ 100 
... ... 
1'Ul'Y1 

l'UhhLLmll')l~E1-iJLLlJlJ NS-2 ~li L~EIThl''1'UfilVI,z,~ Vl7mrl',-iJ 1'UfiI;1'U1I1Ua1 U-iJ1~H11111f1 
LtJ~V'Un11'th-iJl'U "lIEI-iJtil11'U~1~ LLGI:;1fi1lJi11tJ 'l::ijl'UfilL~lJ-iJ"lI,"~L~lJ1LrilJ'U U~ NS-2 ~li 
nlJ 802.15.4 H11111f1iilV1'U~m1Yil-iJl'U"lIEI-iJ l'Ufl1~ i,fiEl-iJm1liYi'V1,z'~L1j'U FFD Vl7E1 

RFD ,t'U~E1'l:;ij l'U~ 2 LLlJlJ LL9iGl:;LLlJlJrJVI,z,~13.iLVI~El'Un'U LL~::li~~-iJ-iJl'U1liLriln'U [111 ii 

~l-n'Un"nii'EJ'l:;rll-iJ 1'UfiI;j'U~J1 2 "lI~l'UlJ'iL1m lnaLfllJ-iJr1'U l'U~"lI~~ 1 LLGI:; l'U~"lIflyt 2 ij 
~ \ \ 

n11fil-iJl'U1liLVI~E1'Ur1'U) Lil'U 1 'UfilfI'UGI:; LLlJlJr1'U (l~lJL~ E1n11-iJ1'UfilnaLflEJ-iJr1lJ'l~~ W~-iJ-iJl'Uij
\ 

. .. '1 do/..,!'f .,/ ..:.... .. '''1.1 d .,/
n11G1f1f11G1'1l1.11 n11 'UfilEI'U'J LL~:;H-iJ~Vlt'UfiI"lIfiI'Y1 2 L111fi1'U'Y11-iJ1'U LlIElL1G11~1'U~lJ"lIm::VI'U-iJ'Y1 

\ 

y.j~-iJ-iJ1'U "lIEI-iJ1'U~"lI~yt 1 LVI~E1,z€JEJ L~mr-iJli l'U~"lI~~ 2 ih-iJ1'ULLa1 'l:;i-iJli l'UfiI"lI~~ 1 
\ \ \ 

VI~~Yil-iJ1'U Lil'UnTn~EJ'UUlJlJ m1Ltl~EJ'Un17Yil-iJl'UUlJlJVlrt-iJ 1tJLil'UiinLLlJlJVlrt-iJ filll1fh 

y.j~-iJ-iJ1'U~Ltl~lJ'U1tJ) GlfiI~-iJ, Adaptive node function) 

1'Um1li-iJl'Ufill11 1I1fi11il'U"lI E1-iJ.. IEEE 802.15.4 'l::H11117f1f111'l HEllJy.j~-iJ-iJ1'U"lI E1-iJi11'UfilHI-iJ'Iii 

0® 

@(i) @<D 

(i) ® 0 @G) 

<D (DG @@ @ 0~ 

1l1W~ 3.11'Y11tl1G1[j~1-n'Um1'Y1~~E1-iJ 


http:n11G1f1f11G1'1l1.11
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ill2J2Jl'ild;)l'U."lHl.:J IEEE 802.15.4 'I11nl'V1'U.il'Hl~G{2JU'i "lIfl.:JLfl1fl"1i1£JUG{lmh'U.uflflliILLUU1Yl.. ~ ~ 

11,J1liIU"lIfl.:JLfl1fl"li1!.J LRWPAN -;):;Sj 2 trn~rn:;fifl LLUU ill1 (Star Topology) LL~:;LLUU7:;vlU 

L~tI1n'\.l, (Peer to Peer Topology) l'U.7tlLLUUill1-;):;Sjn1d~il~fl~flG{17 d:;Wll.:J PAN 
'Il 

3.2 n1"iYlYliH)\I,hail\lLLa::;~an1"i"ii1iiU)\1 LA1il'!hu LRWPAN 

n1'V1'U.il1'\Uin1711Ji;i.:J"lifl2J~d:;w"h.:J 1'U.'ilLL~:;fltlmrn 1'U.il 1 nu 1'U.il 6 LL~:1 'U.il 4 nlJ 
'Il ~ 

"" '''Itl A....:..1 !J'f •• 1"" tl.J1'U.il 10 LlJm1~1~1'U. t 5.5 1'U.1Yl G{.:J 'VI t'U.il 2. 3 LL~:; 5 'VI£JilYl1.:Jl'U. Yl1 'VI2Jn1dL ~[J'U.• 
La'U.Yl1.:J 1'\.1,n171uH.:J"lifl2Ja1'V1~ L~fl-;)Un17Yil.:Jl'U.ill2Jnal ~nl'V1'\.1,1i1H 'VI1Vitr.:J.:J1'U.LU~£Jd12J 

'II 

"lIfl.:JU1.:J1'U.il 1il£JL~flm1n1'\.1,il ~Sjn1dalfl~.:J"lIfl.:JVii.:J.:J1'U.Ll1 -;)lnil1m.h.:JL~fln1'U.il 13. 4. 16 

LLa:; 9 Sjn1dYlilafl.:Jtl1uVitr.:J.:J1'U.L~2JI11'U.'~L'Yhn'U. 3 fl1 

,......,. 
4:'!.OOCO ........
•

I 
II 

rlr 

ii6&UJ_:t_ft>_4 
·.a.r1':«-~":(~1S • 

luit 3-2 ~an17Ylilafl.:JL~fln1'V1'U.ilVitr.:J.:J1'U.L~2J9i'U.L'Yhnu 0.1 (LLn'U. Y L1J'U.fl1Vitr-il.:Jl'U.. x LiJ'U. 

na1) 

http:lnil1m.h.:JL~fln1'U.il
http:lIfl.:JU1.:J1'U.il
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3.3 i>1I'7t1I1HmTlflflftD"Lf'li'O'lhU LRWPAN• 
m'71im'7LtI~tJUm1..hnu'llthl1UliI'th1~ Liwl11.:J'lltl.:Jm'71lJ ~.:J,jeHJGHtI~tJUtti LlJU 

'\I 

m1m::~1tJnT'rLi"'Hr.:J.:J1U 'lla.:JtuliI~u') L~1J1J1n;1u 'Vii.:J.:J1U~rmn1VlUIiIL~1iI0UL~1J~U 'lJa.:J 
'\I 

'Yln ')tUIiI~::iHam~t1nLi1J1n;1u L~tl1UIiILnaLfi[J.:JiJm1tlf1JLtl~ [JUVlU1~ LLvit11t~iJm1 
q '\I 

tl11JLtI~tJWI'IU1~ ';I::vhL~lJ1.:J1Ulilt~iJ'Vii.:J.:J1ULVI~tl'Vitl~';I::Yi1V1U1¢1L~1Jt~ LLfl::tliiHuliI 

LnaLfitJ.:J~Yi1V1U1~~U ~::fi1L~1::lJ1JLf11a'htJ t1i~1J11t1Yi1.:J1Uiitlt~ n.:JLLliiT'iI::iJlJ1.:JtUiI~ 
U.:JiJ'Vii.:J.:J1Utlti LLiit11iJm1tlflJLtI~tJUVlU1~ Yi1LVlLUIiI~U ') L ULf11tl,h tJU.:J Yi1.:J1Uiiattlt~ 

'\I 

..: 'I ~ .d tI.d ... .. :: ' '1'' . II'" &' 'I ...... ..t
LLfl::L'Vi1J1::U::L1fl1 LVI mlil'Ylt1nL fl[JUVlU1'YlUU~11J11t1tl[J LULfl1tl'lJ1U LIiIU1U'lJU LU.:J1U1"i1tJU 

'\I '\I 

U.:Jt~t~ Yi"il1'7m1n.:JtR1J1mitl1Jfl~~.:Jt~i.:JVl1J1iI LLfl::U.:Jt~t~Yi';l1'7m1n.:Jm1Yi1.:J1U'lJtl.:J tUIiI 
'\I 

.. .d ..: &' "".... .d "'.. .... IItl ... &' ..
tlU') 'YlL'Vi1J'lJULLfl:: 1Jeifllilm~Um.:J'YI'lJtl~flLIiIUm.:J 111Jt1.:Jm1U1 L 'Yllilfltl.:J~11.:J'lJU1J1"i11.:J ') 

~.:J"iI::'Il1L~uaLU.:J1Ui,)Ufrr.:Jiitlttl 
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d 
lJ'Yl'Yl 4 

n17'Yl~iU)\I 

4.1 U'tnh 
J''1 :: '" '" 1 . I .. "".. .., 0m1'Y1 (jl~ El-\l'U. L'U.'tJ'U.~WlJ El-\l m1'Y1(jl ~El-\l'il:: iil'1,-\I 'U.~ u.~::'V11 Lu El1L'lS'U. ~'tJ El-\lm11U iiI'-\I 

1::'VI-h-\l1'U.~'VIin u.~::1'U.~1El-\l U.UU'il~<iiEl'il(jl (Point to point) 

11l~ 4.1 11J~t'I XBee pro ~H1'U.m1'Y1(jl~El-\l [8]
'II 'II 
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,nmtl~ 4.1 dj'J..L1~~Gl~1i't'l(iHH)-\I XBee pro. [8] "1~lh1'J..L1'J..L~l'V\an~1~1tl~ 4.2 
~ ~ ~ 

LbGl::1'J..L~tie:JlI1'J..L1tl~ 4.3 ~-\lbtl'J..L~l'J..L~'iI::1ic;imllJliilml'ililJ )1'J..Lm1't'l~GlEl-\ld~-\I't;j't'iic;imllJIii1.. 
~11'ililJ (1'J..L1tl~ 4.4 1l::ijm1~~'iilLJ \'liill~~~fl bvJmi'J..LJlbLGl::~b~El't;j1~GlElmrl.. 

..I 
~ 

... • ... 1'" "I. 11 . ,..r.J • .J 
m1't'ltfiGlEl-\l~ElWnbL1n 1l::'t'l~GlEl-\l1lJ~-\I'Hl~Gl1l1n 'J..L~'I'\,qn LlJ 'J..L~LJEl[j 1.'J..L\'l'J..L't'l1l1ii1El-\l't'l.. 

't;jijJll'h~ bbGl::1.tlg[j'J..L1::LJ::'t'11-\1 lJ'J..Lfin ~Gl"!l El-\ln111lJ ~-\I"llEl~Gl,i1wm 1 0.000 'tlJn (1::m:.. 
't'11-\1~1-\1 't;jij~-\lntfi"!l11.J) 

::, I ..... t '" 4Id G,.oo I III .f .,J'lI .J.oIii4 !'0 

"!I'J..L~ElWilEl~lll::'t'ltfiGl El.J1lJff-\l"!l El~iiI bLlJ lJ L~ LJ1nlJ ~El'J..LLL1nbLfil't'lll. 'J..L \'l'J..L't'l1l1 Gl El-\l't'l~'J..L1.. 
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.d 
UYIYI 5 

\4''\.4~L3.i~J1fi1~ ~'1::m::m.:JUmmi1 20 LlIIiI'1 m'1fU«.:J'liEllliil't'hL.r 100 % Ldm~ll 
" 

'1:u:m.:J m'1fU«.:J'liElllGl';,::rhL.rUElUtl.:J ~'1::U: 25 LlIIiI'1 rhL.r 90.7% LLiil:~'1:::U::: 30 LlIIiI'1 
" 

rhL.r 86.5.7% 1i1111~1iu 
"¥"do tl:d!'. d fly!'" ~ 0\11'" 
~'\.4Y1';l1iilEl.:J1111'\.41Y1111 'Y!'1:::U: 2 LlIIiI'1 Y11.1i1 33.6% Y1'1::U:: 1.5 LlI'il'1 m Llil 61.2% 

..I •.:< ... ., • "" 
LLiil:Y1'1::U: 1 LlI'il'1 TI1 L'il 100% 1i1111iil1'ilU 
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