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## 4570724821 :MAJOR ELECTRICAL ENGIMEERING
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In this thesis, transmission range adjusting algorithm is proposed in order to
reduce total energy conﬁqmpﬂnn andincrease the throughput in ad hoc network. The
first part of thesis propeses transmission range adjustment in static ad hoc network of
which nodes shall ad‘j’ijst..th'éir transmlssfon range to ereate a minimum spanning tree
connection and thén increase nehércn:i_c connectivity to achieve higher network
reliability. Moreover, transmission tﬁbée adjusting algorithm based on node's
remaining energy is proposed tn_.saiv;é, the bottieneck problem of a spanning tree
netwark. A node which has low energy éljl remove its farthest link to decrease energy
consumption. In the secand part;'a dyna;@ situation is considered nodes could have
mobility. The movement of nedes can %&égoﬁzed into two parts. The first is for a
periodic movement. Tha"ﬁmmsed-algﬁ%“shajl be used to calculate suitable
transmission range which will be-adjusied al various period accordingly. The second is
for a random movement. For this propoesed algorithm, There are two sub-algorithms to
be applied to interconnection within subnetwork (intra-subnetwork) and between
subnetwork _(inter-subnetwark), Wodes, in. network try to adjust transmission range for
minimum spanning tree-connection. Those ‘algorithms cantsubsequently save total

engrgy-cansumption,
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. 4 dd i oA e 2 I
WAAIULLANABINITARDUNTINTIAREUTIAzeE 19U nEHFY ar il amanisaiiluandaun
u d oy aw o
waeullInaannqaEusuwds lindunn

o dl d‘ a ] aa VYo | = U
LULRIABINITHARDUNNITLAULLLILAN 2 Up LLG]?UF’W"J’\NSL@L‘]JMWLF]H bNTIEIN
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=

winlangnanaesineuanatly 2 86 717 2.2 uanFaeE19209N13AR LN I ILLAN1804 2
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= a

B TUALAREUTIAL BNAUNNILARILUINAAAUENA1NUBIN N8 300*600 AT.H. UTATNAUNLU

)

(150, 300) NusazqanTuALARBNNAZNINITANAANIN AN 0 T 27 UATAIINIEITEUINN 0 D8 10
1 a al dl Q‘I a 1 :,/ v a al g ai a
WATFARAUN 1A TUALARDUNRZAUNIILARZATIALLLIAT 60 AUNNABULALURANIINNT
4 A4 SR 4 ad A3 _ o o 4
LARAUNNILETN AT UINUATDINIAADUNTIAIASAN b1 Tugilh 2.2 Wlusnatienisindend
44 4 S F 7. ed o .
pa3lunARa U IAENITIAROUNLEATATINTZH LN NNANN NaRN s g IAaNLE U9 T
. ¥ : R A4 ddv .
LUUAIABINSARUANISALLLILAN  Wugluuunisinaaunldiingiuan
(memoryless) WINZAMANNUAZANNEINITARD NN IuTTaq TuaasTunpR o un lauiuR AN
[~1 dll tzll = n/atz o Y a dl dld, 1 a d%l 1
LAzANNIEITBINTLARALT LB AR ARIANTRUNN THAANITIARAUNT [NANATITU 111 N19%iER
NTYITUL warn1TlAsuAAN19NT LWL
% dll dl I i’/ = o va ) 2 :j/
fszaznarluniaedaunusazAiaTasya N gnniuua WA tes andu
v dl dl 1 ] d” dldl o [ % [~1 1 [3 i’ dl o dl
wdngtununisndeunazgndneglunuinandmdudiuwanaeaiuianses Ui 2.3 uans

132ANNNITAARUNULILIGIINTIRAD A (Static Nature) ANNLasd Tuaadeun lnasuilding
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51l91 2.2 pluvumisiraeufizesiuairdewiilasld Random Walk lu 2 §7 [14]
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2.2 HIMT31U IEEE 802.11

IEEE 802.11 [13], [15] ilunmsgrundrAnydniulasedneliane (WLANS) @9
g dleednannandneigUneniinasiulnssdnaliane Teuagaaesnnsgiilae IEEE

802.11b Ngnizenlunian1sAn9n Wi-Fi (Wireless Fidelity) 11msgau IEEE 802.11 tilunng
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TANITTUINITURARATN18N N (Physical Layer) wazdudaanseas MAC (MAC Layer) ©ainng
weunglutl 1997 Tnaludoutiazetunanian1aeuaesuim gLl

wnsgudniviasednglianeinssdniuninsgnlulasainelanavzauau

.&l =KX v =

= Xo Y o o = A . Y v o

(LAN) 8w Tenmsguiianiusesiinneaiuayuienisindeunaesiundan Aauassesdinig
W17 LWF oA WA AWTW N199ANITNITT NS N19AANITAININTaT o T8 ITne
= o Y o o o \ X o g oM o % = a oA

\wanlay Laznn9anan1INIsdENANY Aufunnama in i lainsldnaneudutnag
WU IEEE  802.11 %qLﬂummmqmumnﬁmﬂ?ﬂuLﬁﬂuﬁumiﬁmmmmgmﬁuj T
NIM3FIU 802 mFunTaTensanULNay nels IEEE - 802.11 1 gUnsalfiadeui (MTs:
Mobile  Terminal)  @1x13aw9nldae9svui UszinnusnAassuunillaseaiiaunsiuny

(Infrastructure  Mode) 7T4@1InIaliAaauNaINIInNazaaa13iLAnLTIaNsD (APs:  Access

Point) iunndmilsqedaganiaddidwiameniululassinglians doulssinnnaasssuy

wamaan (Ad Hoc Mode) Naagtinaninaeunainisndaeansiugunsniindeunauldlnenselng

dgrAannisldqmisianlulasdneFaqe

221 duRasrsnianw (Physical Layer)

NM9g1U IEEE 802.11 ﬁﬁfmmaﬁiﬂuizﬁumﬂmwmﬁumu@g’mugﬂLmu X
gﬂLLumLiﬂﬁmm%uW’um (Infared) Lmzﬁﬂz@@qgﬂLmuﬁu@fgjuuﬁugmmmmimﬁtym;ﬁmﬁm
(Radio Transmission) ﬁﬁlw@“ﬂmﬂmiﬂﬁmﬂm%u%@m@mﬂmwﬁuqﬂLLﬁq@ﬂﬂLﬂu@mmu e
Physical Medium Dependent Sublayer (PMD) and Physical Layer Convergence Protocol
(PLCP) Taeifi PMD  (Agindaaiunnsidneia nansva N13NBRLARATY YU LATNITIANITAL
ANRALNAreeATIR U Tudauaas PLCP Hsfhushyszannuiuduiieastes MAC Tae
ﬁu‘fiﬁ‘ﬁ'tﬂuﬁqmummmﬁ’ﬂ%ﬁmﬁ (Service Access Point: SAP) Asdutumalulagnisds
Taya ﬂ’m%’ﬂ%ﬂimz@n&mmﬁdw (Clear Channel Assessment: CCA) kazniaudynynnaslyl
Befudeansdon MAC

= =&

AP A Ly = A i a
SAP 1yl Q_JQJ"IMVINLLUH@"J@VﬂuﬂW?@Qm@H@@\?ﬂQ 109 2 LlHAZURARRIUIN

a
A v

(Mbps) lugauzes CCA lunalniiugiuees 802.11 Tufu MAC Harumalindmiuninigiu
802.1114lun"1sdea172909 U@ a1 30120 W wAllAwsn1d Frequency  Hopping  Spead

Spectrum (FHSS) 19117 2.4 inzidsmd (GHz) ISM band (Industrial, Scientific, and Medical)
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finanaisalunnsds 1 wnzinsedund (%I\‘IGL%QJ‘ULLUUﬂ’]?N@@L@WﬁIﬁ‘ZﬁU 2 989 Gaussian
Frequency Shift Keying (GFSK)) uazfinnuiEalunnsds 2 wneiinsedund (sxs 4 104
GFSK) mAfiATigadld Direct Sequence Spread Spectrum (DSSS) FuRtuALE 2.4 Aing
\demid ISM band A Tunn9de 1 wnednsieduni (Idgduuunisuegamuuy Differential
Binary Phase Shift Keying (DBPSK)) uazaauisalunisds 2 wnzdasadund (gluuunng
N9QLARAKLL Differential Quadrature Phase Shift Keying (DQPSK)) duinatingaving 1o
visndeinulugaspanuenndu 850 - 950 wluimas fiannadalunisdedaya 1 wnznsie

9 uay 2 wnelinsadun Iaaldgiuinaes Pulse Position Modulation (PPM)

navlams%'ugfﬂﬁquﬁ (Carrier Sensing Mechanisms)

v
o o o

TunmIgn IEEE 802.8 neiuiiesdnynnniuninlilnadne tnasaiudoyoin

o o 2

auALIAUlHAN (Voltage) NgegaLuastAiila waziBeineuiuanEunlasy (Threshold)
Famsetniunalndadiun1glu IEEE 802.11 NHANTUEauUasiNuI atinen lena1INInaLsY

wan3n193uslududeansnienin Aeqeudnynans CCA (Clear Channel Assessment) &9

o

Ann1slaalilsinaea PLCP luduAeansnianinwaed IEEE 802.11 wANNNS CCA QnwWmuILIu

AugureINeiuiresdvdensariuend s ianesuiinngnnuluenia wianiInsmanax
~

w2898yt (Received Signal Strength: RSS) asspaumifilsauiauiudnizuilasy

v a %’/ é’ v A Ad' ¥ o a 1 v ¥ <3 QI = 1 dl A
Tmmmmmusl@umuﬂuummgﬂm%}wumm?mLuummfaum’mm NAZENNAIMNUILTDNDQN

13eN13AARUIALUANT MBS RSS  B1RAZNAAINNANATA LA IndiaiusiAA NN,

v
UNTNUTAUN AL

222 ﬁugmna'lﬁlwﬁ'uﬁﬂmssim MAC

v 1
KR o A ]

TudqutlazeBunensiudeanstesy MAC Niogluninsgnu IEEE 802.11 g

v o - o = o d' Ay =
Vu']'V]LL?ﬂsﬂ‘ﬂ\‘Imu@@@q?ﬂ@ﬂuLW@‘qum@@uﬂq??'ﬂfﬂl'ﬂﬂq3"&@@']Tll‘ﬂﬂ@ﬂqublﬁ\@qﬂuﬂqﬂﬂ@ﬂ’]uslu

& A o o =P o v z a .
NUN mwmmmmmmuuummammﬂmimm';‘"Limﬂuuimﬂﬁiimqmuﬂumwwa

o

| a dl ¥ ¥ 1 o ] o =K o dIQ/ = o
EUEUNEU LL@zmmqmm::mﬂmmmyapmmmummL‘flu‘wm\mmmmmmum‘aumu
i PR

WaNATUANLALNNITUANIIATY Y104 YFD Rt NITaENI4ANETNA AR UIUTIBINITTU U
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L2 =

. Y 4 . voa o dda, o v y

s Tududeansees MAC feiintihinddautaunisinauanvanegtuuusiaeidn nnsld
Ut N9 AgAlFnage (Authentication) WAZNITALTNHINAIIY

u?maéﬁugmﬁﬁmmﬁuwuﬁ@ Mandatory Asynchronous Data Service Wag

Optional Real-Time Service e Asynchronous Data Service @ﬁuwummwmﬁmﬂmmu

o o

Ejaﬁmmﬁm (unicast) LL@zm?LLwa"LLﬁﬂmmmuﬁé’iuéfawmmu (multicast) Llay Real-Time

'
IS ]

Service ldinenlasatinenilnssadrsnunewdilsimansanaaauAxn st Iddasdny

n1sAuANNISEN ld@IunanslussuulSananuunszane (Distributes Foundation
Wireless Medium Access Control (DFWMAC))

AsnadnlduunuInge9nnsgiy IEEE - 802.11 Ae DCF (Distributed

. . . Qdd” 1 -ij [ dl '8 . o ¥ k3
Coordination Function) 8UBELUNUTIUIDINITTUIAAUNIY (Carrier Sense) Aunagidn
waEqA (Multiple Access) WazN13MaNLaLNNI3I (Collision Avoidance) Wraizaninesandn

CSMA/CA aalsinnsldnalnaes RTS-CTS ineniaznaniaeniloymnisueaasginsnilatanig

a a

(Hidden Terminal Problem) nAaUednN17unl4Aa PCF (Point Coordination Function) el
a A

Jursn1sniiunanass (Real-Time) a9 ulugiluus PCF axll AP AasaquRnnigld

Toadayaynd wazuaniaenisdanFeniuzasraeiun

Inter-Frame Spacing (IFS)

Inter-Frame Spacing WiAan1sldasaa1szndnansasdayasaunsulnaaniil

| Ay o

a7 BeddeiuduugFaenndeananfitienllunnfa SIFS, PIFS, DIFS uwazEIFS Ao
sryseauANAIAnraeNsdn ddounans taen IFS NilaandnandszaumnudnAtyaesng
¥ v 1 1 -dl lﬂl -dl % ¥ a 2 1 1 dl v a

dnlddaunangananmszdinameativenazdlddaunarslidndeandn Arnuviazaaed IFS
tuldnnainauaNifaas Physical Layer Management Information Base (PHYMIB) il

AuiudnsnIsdedayaraganiil

v '
| o A

- Short interframe spacing (SIFS) \udaanandungalu IFS waziiszau

'
== 1

A& Ay TasnIsdin lddaunanegege dgnldiudnnaspauaunduiu nng

a
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1
a

naufudniudeys uaznisnevauaslna nisdeuininmlac AniualsiEu

PAINAAE ATFIUN AR LT ARt tiaaian SIFS

q
1

- PCF Inter-Frame Spacing (PIFS) iflunainisnasiimnatszidng SIFS uas
DIFS elfiutiansiiflunanasy

- DCF Inter-Frame Spacing (DIFS) ‘L%ﬁmmﬁ%'qﬁﬂmumﬂﬁgﬂLmu DCF
&mFuniadeuining Tmﬂmﬁﬁéw%mm'ﬁ@H@ﬁimé’ﬁquﬁumﬂlumﬂ
284N17ULNTY (Contention Period)

- Extended Inter-Frame Spacing (EIFS) Lﬂum\mmﬁmqﬁ@mm IFS haziili
nsdnddaunansiilsziuadfyaign EIFS ddwiuniadndomnzlnd

a

WalafANNdWAe 4719078 ANNATIRABNIFTUNINURITY MAC NRANATA

223 nalnuaas CSMA/CA

nsfufeaunniidunisdnldnanaan uaznasuaniasenIsIuiL (CAMA/CA)
aglunalnuesiu MAC @914 IEEE 802.11 WLANs nsdufaaunnsiunisdnlduaneqn
WATN1IMIIRALNTTT (Multiple Access and Collision Detection: CSMA/CD) 1A aRAN =Y

asiande9lulpssdinalanauas IEEE 802.x wpaginglsAniu 358 g usnnaztinun 14 iy

a

TasstnelFanaiiosaindnaannuiananalulasetinglFanasiuiiningandunn uaznisauyns
I ruiuasiNNNTIN17ana92893 48811190 (Throughput) B819NAN §9n411IUN19MI9RLNNT
< a . s 3 . va Ads @ -
gufulugiunanarealasednglFanesiuduldlsen aeinintiwnld lundaadunisvaniass

A3 (Collision Avoidance) asinai1lsz@nTnIn

nalnnisianlddqunana (The Medium Access Mechanism)

%

nugunatnnisdnlddesdeyeyinsly IEEE 80211 uandlugii 2.4(n) @

! ' = ¥ 1 1 ¥ v ° [
@Quﬂ@’NQﬂﬁlﬁ"ﬁ@@UQWiMNIﬂ?lﬂ@ﬂuﬂqﬂluﬂQ\?LQ@'] DIFS Tumazanunsndnlgdaunasdniu

¥

nadedaya  TamnaaudAtlssAd uiunndn ddesdyoilvindu DIFS  usdn

u

!
=S

dounanstiuiilunladnldey Tunazugmse (Back Off) auflusrnanitazldtlaaiuniadaly

] o

1 £4 v
dodryryns deAnaildinnainnisguaielu Contention Window (CW) Anaee CW Hay
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fuulasuetisyndng CW_ . uaz CW__ 99919a1iiiunnssuienuageinanieiann

Uszaaniaunsnazane  Aderaalusings LL@xW’]i’]ﬁLmﬁ‘ﬁLﬁmﬁﬁmﬁu%u?ﬁ'@mm’mmwﬁluj
FATLANTI9L987194 Back Off ﬁu@z@m@wuﬁq@uﬁ?ﬁqLﬁ'@ﬁmmﬁmmmL%J"]"L%ﬁfsuﬂmﬂé’ o
slwumzﬁ@g'ﬁlum:muﬂw Back Off ﬁuﬁﬂummmﬁuL@@ﬁﬁ@qﬁmmﬂmdqﬁium%umL%Hﬁ U
azvgpAnluiaiy Back Off uazAnlusaiiu Back Off azamasanesaiiefinisnmainedn
Tualaunld1aednyoynou ﬁqﬁu’medNm:“m'ﬁmﬂ@ﬁﬂ@muﬂqml,%l,l,rfi@mmﬁ%mzﬁﬁ

N9¥191N"7 Back Off Hatinetiaauilansa

Busy medium,

Busy Back-off Back-off
Source medium Back-off frozen resumed
DATA
S
&
Destination &
ACK
Other nodes Batk-off
DIFS |||
NAV
(n)
Source .:5(‘%
S itti[rTs] DATA
=
> &
Destination ‘56: =2
CTS8 ACK
Other nodes —
DIFS{|)|)|
NAV (RTS)

A
Y

I . NAV (CTS)

NAV (DATA)

Access to the medium is deferred
(1)
51191 2.4. nalnaa4 IEEE 802.11DCF uag RTS-CTS

Y
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3Bn19tignnanaiudlAnuaasvatineuINduiuanaaInsAaLiaun A L4
° o | v < o §u T = e A ° | ] > o
Auiunisdedeya Fainliuwsazanntiuilenawiniunazianisdedeyaluwsazaiadnly
Tnelunsgauaitiu azldan inastuiundnilanianisdnldisnisganan iaifunisudlugn
wannazilanialunisdedayald Tennsldgtuuuues Back Off azinldusiazaniasldnaln
¥ = 1 = o dl ¥ dl dd‘d 1 [
denuiianvinnauiunazdedeya Inanan1ininisastuiundtazlifesguioaiaeinis

Back Off luilazAatiieNiARa1199N13 Back Off Nfapgiiaant]lusiniiil Back Off

AUIAURY Contention Window (Contention Window Size)

=

2u1AL84 Contention Window (CW) Lilunisfimasndmanudndy Tedh cw &
v o v 1 ?:/ a v a s o v a 1 [~]] s = al %3
anatia azinlinisguindan lnatassiun liifinantaziilureanisruiug visadnile
dl v a [~ o £ a :l/ a o [~1 a £% =
wiladnaes CW HarunfagiilinisdesAsiuununuaniy lunweauas Wezuuaasaziing
UFuulasu (update) Deavauaasann @ luilaqiiunaniaedasdanisdnlddesdnyonn uaain

1 % 1 1
R9UMn199EN"9 The Truncates Binary Exponential Back-Off gnuinsnldasadneiuasnisniag)

a

'l IEEE 802.3
A19197 2.1 W1 Aeesues IEEE 802.11
Parameter 802.11 802.11 802.11 802.11b 802.11a
(FHSS) (DSSS) (IR)
bt 50 usec 20 usec 8 psec 20 usec 9 usec
SIFS 28 usec 10 usec 10 psec 10 usec 16 psec
PIFS SIFS + tslot
DIFS DIFS + (2~ t,)
Operating 2.4 GHz 2.4 GHz 850-950 nm 2.4 GHz 5 GHz
Frequency
Maximum 2 Mbps 2 Mbps 2 Mbps 11 Mbps 54 Mbps
Data Rate
CW,_. 15 31 63 31 15
CW,__, 1023 1023 1023 1023 1023
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Contention Window BrFutiuiuaAguszndng (0, CW_ ) LazisazAiaedng

m\n)

o ]

NANIsruiuIadIN1sdsdiayar CW  AaziNTWNAI 989U A0 UIAZ INNAUTINAT CW,

'
) v

AaTanEnTsdetiaganINauIAIes CW AziiAnge Tunzidasinisdedoyaiatniaz e

a

o o

v 1
cw ilupntaainlinisseAalunadnlddunnlidae Taadaas Cw_, uay CW__ & ufudu

aadanan MALANFRugNIzyatilunngeh 2.1

msmau%’umidvﬂ’@ga (Acknowledgment)

nsmaLsU (ACKs) Rasgndsiiefiniafuufininadeyaiieuladinisdedoya
ﬁugﬂé’m dvsuuRninamsunsiRadfuasdnfdannatsidminniseesdusy SIFS uazas
dv ACK usidnusuanniianianendana9es DIFS saaffuAn Back Off 2aausiazannil Seasil
azanANaziulun iy m’uﬁumimm@mﬁu%sﬁmmLw‘iﬂmm%’@uﬂ@ﬁ?uri@wﬁﬁ%
SersunaudnfyigendnnaEndunisdaininadeyalud nsmeviudeya (ACK) luns
wiladinnesugeansyludu MAC JAugnsinglaenslads Cyclic Redundancy Checksum

(CRC) ffaelailéifu ACK azyIN19448NAIINa 1 WIUIRINII49BNATIAZ YN ALAZ AN

232

REVNEAZYNINENTUINTUNINIIUAIAINANUIUTBINIAIBNATUAUANATIA

nalnaas RTS-CTS

[

tleymanasuelsredaniil (Hidden Terminal Problem) utloyunudnngndsing

TulassaneFane  dsiiiludnatnaaasilymnfstuiasaindayavasininiadlianysofly
TasvtneFanentenadinludedu | uardadusssnafnisdedislulasenelFara  Tuung

- = v v o | va o 1% A o o
anun19al nikluaannsaiudeyaanasslunlas inlildaunsaldguiuly lunsdlidusaiu

Y
gnasdeyaatihenninesodeaessindunalunistusasnisaamgnn -~ | usdagelaina v

U

wazAndaiulafudaaulaadsimainnissunanles) &diEandt Hidden Terminal Problem

nsud latfoguniinldtaeldnalnaes RTS-CTS Gauanslugii 2.4(2)
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RTS-CTS #insuasiels

o Yo 1

fasazds RTS ludsgfunauazdauininadeya aelu RTS azilszyunneiangiu

u

1 v '
= !

PasuAninadayanazas uazinaiannai llunisasauaunseuaunig Tundnahesaesgiuas

a

IHFuWANINA RTS uazazyinn1asiaal NAV (Network Allocation Vector) &9 NAV iflunfisey

g A ~ a2 A . o a2 o o ¥
L"J'ZQ'TV]L?QV]ZﬁﬂLN@@ﬂquuu@qﬂq?ﬂquv\lﬂf‘lﬂqﬂ\l@\ﬂmﬂﬂ@1@“?@@ﬂquuu'ﬁgmqiﬂiﬁmquﬂ@’]ﬂi@ b3

o v v

AdFulATu RTS uasnFeniaziudayaazmeninnn SIFS wdtazdauiininaneuiy Clear To

a

Send (CTS) %Q’Luuﬁﬂmmﬁ%maaﬁwLqmmmﬂizmummﬁﬁ@g@ dlelupaufiiuluadname
P03 TUAF LSRN ALARANN9aAn NAV asindlafatunTisn RTS uay CTS enaiflulund
LAnFneuAldT e unsiinilaaslunusls

slafinnsds RTS wagdu cTS Baudar TundraiAeataundildsuaesuininmi

N 2

] Y [t () dl QI ] (3 14 1%
wdedayant NliluandsdagasnisniFudauininndayals

a

ag¥irdaunanaiuldiliuniig
Flenatinan SIFS uaziitunsiuidlesuniinnadeyaazaasioa SIFS udrasdaufninaneusy
(ACK) mzmum@mﬁ‘m%g@ﬁ@Lﬂuﬁmu LazA1 NAV ﬁ@gﬂiimmimiumzrﬁ%\idqmuﬂmqﬁmz
uAue (u@ﬂmniumﬁﬁmﬁu RTS/CTS mm‘ﬂumﬁlu) SanTTLauNTMaNHa Gudulnalanase
Inel RTS ffu%mﬁ@uﬁml,ﬁmﬂm%'uj WATNITTUAUALINALATINIBIN1TAS RTS  Uay CTS

UNEAINGLHS RTS Uay CTS gnasuaziuGauiasuds luanlafuasauininaiiazilasiunig

1 v
¥ = 1 oA

TUNUIAINNTAITRNANAZANNNT LNG1237A1 NAV aasiuaiatiazgnsieanAnig i RTS-CTS

u Ll

v
v o

newnisdeuininadayatiu Widugluuuaesnisiuiaaunmiiaiiow (Virtual Carrier Sensing)
Tawasianly RTS-CTS

%z‘qvx‘lmffﬂé’fjﬂmzmumaf:ﬂuﬂﬂmmzﬁquﬂmqﬁ@ummq%’m@ﬁLm:r defiag
wanduensIuiuiasfnt s uintsds RTSCTS | flnkaasanainlelefiandl
anansnifinagld fafunala RTS-CTS Hazgnidednamnzanviniu dudeasinisirdadu
WaeuRTS Wl iusaszy duflelsfmufiazionisGudunszuaunis RTS-CTS  vitaldl
e lludadanneeamisudauaanandidadunaeu RTS naln RTS ﬁ@xgﬂlﬁummxﬁ

N13d9WANLNATUANNG (Four-Way Handshake) (RTS-CTS-DATA-ACK) ANNKT WAS1IU AT
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AundnTaBuilagy RTS Tuaaz lnsdauininmuAgednig (Two-Way Handshake) (DATA-

ACK)

ﬂLﬁWLLN‘H%uﬂlu%ﬂ%ﬂﬂ’]‘iﬂ’ﬂﬂ MAC

D

Tugi 2.5 aziiulddninisaiaasgluuunisinauludu MAC  flu Finite

a

State-Machine uazinsuamansilaguusazaan duveuiifuadammusaiuianiy
sUuunfiGeude LL@:ﬁﬂﬁz@zmﬂﬁm’mﬁiﬂﬂﬂ@iﬂﬁugmﬁ%u MAC Tenns¥inenuaes Finite
State-Machine %Qﬂ@%mﬂﬁimqﬂﬁ

5w‘£umﬁLLW“ﬂmmﬁE’Tmzmmx‘iumﬁuﬂgﬁlummu: DLE  Tuailazlddaanius

WAIT_FORNAV wasaannasdsdayasesluadisimsssiuay Tuatazlldsaniue

WAIT_FOR_DIFS alunnatiaanded DIFS  aundan1daunaasaldiliunlald Tupazidng

a

ANz BACKING_OFF wsitindqunanaluidnaizediunans nniesdedeyant lunazsisdisiaiy

o o

back-off 19954 (61A1FL Back Off ﬁﬁim:vhﬁuquﬁ) wazarnaulldeaniue IDLE lu

o =

seninenimatl back-off t1luaiislaandesdrymyiminisgnld Tunazugarnae9sa1iu Back Off

(7

o {

wazllelsanue IDLE uAgndesdnyuindisnaanausn Back Off Lﬂu@uﬁumﬁﬁ%wﬁwﬁﬂu
gugnuzdeld Ged wRninafiazdaduaiauininaunsdoyminiunazlldaniue
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Topology Control for Multihop Packet Radio Networks [3]
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Dynamic Power Ajustment Based on the Link Affinity [15]
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CLTC: A Cluster-Based Topology Control Framework for Ad Hoc Networks [8]
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Transmission Power Adjustment based on Predeterministic movement in Ad Hoc
Networks
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Abstract—The work presented in this paper is concerned
with periodic movement of mobile nodes in an Ad Hoc
Networks. Each node spends the first period through
learning process of its movement pattern. The proposed
algorithm shall be used to calculate suitable transmission
range which will, predeterministically, be adjusted at
various periods accordingly. Two strategies for transmission
power adjustment are proposed. The first one is an
adjustment at specific interval. The latter is to adjust
transmission range when the preset threshold is reached.
The simulation results show that the node movement is
influential on the suitable power transmission range.
Efficient power transmission provides good power
consumption rate but trade-off is needed for the overhead
generated for topology updates.

Keywords: Ad Hoc Network, MANET, Adjustment of
Transmission power, Periodic Movement

|. INTRODUCTION

Wireless Ad Hoc networks become widely deployed
lately as it provides great flexibility of ability to
interconnect wireless devices in different scenarios. This
network is constructed from mobile nodes without fixed
infrastructure. Each mobile node performs equally well as a
user and as a router. Various well known constraints in ad
hoc networks are such as limited bandwidth and battery,
link unreliability due to mobility, etc. The connectivity of
the network is maintained through the cooperation of -all
nodes of the network. If two mobile wireless devices are
within transmission range of each other, they can directly
communicate. Otherwise they instead need other devices
within their transmission range to relay packets. The work
in [1] investigated medium sized networks (e.g. 20 nodes)
that all nodes use the transmission power of which all nodes
are within range of each other. Data throughput can then be
maximised. However, due to limited power supply of a
mobile computer, power conservation has been widely
considered as a primary control parameter in the protocol
design for wireless Ad Hoc networks. With this reason, the
problem of power efficient topology control has been

attracting interests of many researchers from the areas of
mobile computing and networking [2]-[4].

Most of mobility models proposed the performance
evaluation of an Ad Hoc network protocol using random
movement modeling [5]. But in several situation nodes can
move in a repeated pattern such as an automation system in
manufacturing industry or satellite networks [6]. With this
priori information about the nodes movement, processing
for topology update, in terms of delay and power
consumption, in later period could be reduced. Minimizing
the processing power for topology update can have
significant effects on network performance in mobile
environment.

Intuitively, it takes two basic steps to adjust transmission
power of nodes. Firstly, nodes shall spend learning period to
collect information on transmission power level which can
connect to all other nodes in the networks via proposed
algorithm. After that, nodes will adjust the transmission
power appropriately at either every constant time interval or
when a certain threshold is reached.

In this paper, it is assumed that all nodes use the same
power level of signal transmission. Level is at the maximum
value of all feasible transmission range computed by all
nodes at any time. However, a consideration on
synchronization process is beyond the scope of this paper.

The rest of the paper is organized as follows: Section 1l
gives a brief summary of related work. Section 1l describes
useful mobility model for our study. The proposed minimum
transmission range algorithm is presented in section IV.
Section V. -presents the simulation results and conclude the
work investigated in this paper.

I1. Background

Previous schemes for power-control in MANETSs have
focused on either throughput enhancement or energy
consumption. Other 'researchers working in the field of
energy consumption, For example, P. Santi and D.M.
Blough [7]-[9] analyzed the lower bound of transmission
power which could connect the network based on total
nodes and tested area. In [10], the work presented a
comparison among the execution time of the minimum
uniform transmission power algorithm, where each node
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uses the same transmission power to maintain network
connectivity. However, this algorithm deployed in a
centralized network is not suitable for Ad Hoc environment.
In [11], a cone-based solution that guarantees network
connectivity was proposed. The authors of work presented
in [2] proposed the localized algorithm for constructing
power efficient topology. This algorithm can reduce the
transmission power by replacing path of each critical link.
The method in [12] tried to maximize the life time of
networks particularly for cluster-based systems by assigning
nodes to cluster-heads.  The papers [13]-[14] proposed
adaptive transmission power algorithms that can optimize
throughput performance based on network conditions. In
[4], each node in the networks can cooperate in order to
obtain the optimal transmission power. Whereas in [16], it
compared performance of topology control algorithms
separated into three categories types.

However, the past research works have focused only on
power optimization in random movement environment. The
periodic movement where pattern of nodes’ movement is
repeated has never been in the scope of their researches. In
this particular scenario, it is necessary to generate the
appropriate algorithm to consume network resources
economically. This paper proposed such algorithm by using
the characteristic of the same movement in each period to
avoid repetition the calculation time needed in later period.
In the next section, the discussion shall concentrate on our
interested mobility modelling and how the mobile nodes
form a connected topology with minimum power
requirement.

I1l. MOBILITY MODELLING

As stated early on, the node movement in this study
concentrates on a periodic movement. The model is assumed
that every node which has periodic ‘movement knows its
movement period

. = . §

S

Figl. Mobility Model.of node

The node moves along the straight line with-in one
direction constant velocity and moves back in the opposite
direction with the same velocity. Fig 1 shows example of a
periodic movement of a node where v is-velocity-of node
(m/s) (we assume each node has constant velocity), S is the
distance that the node travels (m), T is the period of nodes
movement (S)

IV. MINIMUM TRANSMISSION POWER ALGORITHM

A. Algorithm

In the first period, all nodes use maximum transmission
range (i.e. maximum power) which can possibly connect all
nodes in the network. Each node sends periodically
beaconing signal containing its sending power level. Thus,
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each node can determine the distance among themselves and
all of their neighbors. The value will be later formed
“distance table”. Every node reserves its nearest node and
floods RNN (Reserved Nearest Node) packets throughout the
network. The RNN packet contains sender node, reserved
node(s) and sequence number. When a node receives RNN
packets of all nodes in the network that are contained in the
“reserved node tables”, which contain its reserved node and
nearest node, it will check whether the network can be
connected or not. If the network cannot be connected, the
node will send NSD (Nearest Subnetwork Distance) packets
within its own subnetwork for finding the nearest
subnetwork. Comparatively, the contents of NSD packet
include sender, nearest node, distance, and sequence number.
Then, the node in the subnetwork which is closed to the
other nearest subnetwork reserves a node from that nearest
subnetwork. That node will broadcast RNS (Reserve Nearest
Subnetwork) throughout the network and then two
subnetworks become connected. RNS packet contains sender
node, reserved node and sequence number similar to RNN
packets. This process is repeated until the whole network
becomes connected.

When the nodes in the network move, the node of which
the distance table changed to a higher value than its reserve
value will flood RNN packets in order to declare of the
change of network configuration. Node who receives RNN
packets from any node will replace the reserved node with
the newly nearest node in its reserve table. Then, the process
will repeat when needed.

We will demonstrate the process through illustrated
example. In Fig 2, all nodes reserve its nearest neighbor.
Thus, the network will become as in Fig 3. Every node keeps
the data of packets in its own reserve table as depicted in Fig
4.
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Fig 2. All nodes reserve its nearest neighbor
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Fig 3. The virtual network when all nodes receive RNN
packet for reserve first time

In Fig 4, the network has not yet connected. Therefore
Node A and Node D will reserve the nearest node of the
other subnetworks as shown in Fig 5 for further connection
of subnetworks. Fig 6. shows the data which can connect all
nodes in the network.

Node Nearest Node | Reserved Node
A B B
B A A
Cc B B
D E E
E D D
F E E

Fig 4. Reserve table when all nodes receive RNN packet for
reserve first time
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Fig 5. Node reserves other subnetwork which is its
nearest
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Node | NearestNode | Reserved Mode
A B D
B A A
Cc B B
D E A
E D D
F E E

Fig 6. reserve table when the network can be connected

In Fig 7, node F has moved closely to node D. The
distance table of node D will be changed. Thus, node D shall
reserve its newly nearest node and flood RNN packets
through the network. When all nodes receive RNN packets
from node D, the network becomes as shown in Fig 8 and
then the process is repeated until the network can be re-
connected.

Every node will remember the distance of its reserved in
the first period and use maximum value among all nodes
for appropriate transmission power in the next period. The
process of transmission power adjustment will be discussed
in the simulation section.

Meighbor Node Distance
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Fig 7. When the network has been changed, node that the
distance table changed to.be higher than its reserve will
new reserve
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Fig 8. The other node reserve its nearest node when the
network have been changed

B. Analytical

We shall prove that this algorithm cannot create loops in
the network. Thus, this algorithm can provide minimum
spanning tree and battery life of all nodes can be saved.

Let N={L..,n} is the set of nodes in the network
where n is number of all nodes.

M ={1...,m}is set of nodes which are connected to a
loopand m>2, M cN.

First, we assume that this algorithm could possibly
create loops. LetP ={l,..., p}is set of nodes which are

reserved in a loop M .
If the loop occurs, we canget P=M .
LetD, ; be the distance between node i to node |

where i, j e N . Also, we assume that D;; = Djy where j = k

andjk eN
R, represents node a has reserved node b, a,be N .

We will suppose R, ,,R;3,.... R, 1, Ryosuch that it create

loops in the network. In other words, it consequently means
thatD,, > D, 5 >..>D > D,,, but node 1 reserves node

2 which we could sayD,, <D,,,ke N. That causes a

contradiction of the statements above, therefore this
algorithm shall not create loop in the network as P = M .

m-1,m

V. SIMULATION RESULTS

A. Simulation Environment

The aim of the simulation is to investigate the
relationship between transmission power and energy
efficiency proposed by our algorithm. This simulation
measures the number of overheads defined as the number of
times that a node flood link state for topology updates. The
consumed energy is, in turn, proportional to r" . Therefore,
we can reasonably write E = ar". In our test, four nodes
have the constant velocity of 10 m/s and the pattern of
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movement as shown in Fig 9. We can get the period of each
node as follows; node 0 : 18 s, node 1 : 10 s, node2 : 18 s
and node3 : 10 s. Thus, the common period of the network
movement equals to 90 s. In the first period all nodes have
the coverage transmission range at 100 m. The optimal
transmission range found in the first period is appropriately
adjusted in later period. Two strategies for energy
adjustment are proposed. Firstly, we can adjust power at
constant time interval. Secondly, the transmission power is
adjusted whenever the transmission energy difference
increases or decreases passing the threshold.

- (8, 120 A4, (R0 (150, 120
Rogad {50, 120}

hiocied {100, 100

. "
Modat (70, B3 (120, 80)
Fig 9. movement of simulation

We have performed two experiments to test the
proposed algorithm. In the first experiment, the network will
adjust the transmission power in constant interval. Number
of times for adjusting transmission range within one period
is definedas X (X ={1, 2, 3,5, 6, 9, 10, 15}).

In the second experiment, the network adjust the
transmission power when the difference of transmission
range reaches the threshold (Z) value as depicted in Fig 10.

Distance 4
— Used transmission range

—— Distance between two nodes

T time

Fig 10. adjust transmission range by threshold

B. Results

Fig. 11 shows the transmission power versus the
elapsed time. The result as shown in Fig 12 clearly
indicates that the more frequent the transmission power
is changed, the more energy can be saved. But this
advantage becomes a disadvantage as it requires more



overhead flooding throughout the network in order to
update the topology as shown in Fig 13. On the other
hand, the probability un which the connectivity of any
node pairs changed is high when the transmission power
is low. This adjustment is, however, not directly related
to the movement behaviors. Hence, the overhead of
transmission of X = 10 (10 adjustments in each period)
is sometimes more than that of X = 9 (9 adjustments in
each period) as shown in Fig 13

Distance between node2 and node3 |
Transmission range at X = 1
Trensmission renge at X = §

|
90+ | <~ Transmission range at X = 10 _"l
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80 | “
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Fig 11. the used transmission power versus the elapsed time
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Fig 14. The used transmission power versus the elapsed
time by using threshold
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Fig 16. number of overhead by using threshold

In the second experiment, the transmission range is
adjusted according to the threshold value. The result shown
in Fig 14 turns out to be as expected that the lower level of
threshold yields fine adaptation. Energy consumption as a
result of variation in threshold is shown in Fig 15. It is
clearly that the energy can be saved when using lower level
of threshold, but there are more chances of topology
changing whenever the low transmission range is used.
Moreover, Fig 16 shows the trend of decreasing number of
overhead when the network consumes more energy.
However, early state of the graph fluctuates because the
setting of threshold is not appropriate with the changing rate
of distance between node pairs.

V1. CONCLUSION

The algorithm in this paper is proposed to optimize the
transmission range and extend the battery lifetime under
periodic movement environment. In a periodic movement
environment, the first period is used as a learning period for
the system power adjustment. The transmission range used
by each mobile node has to he at minimum as much as
possible in condition that the network must remain
connected. This can_be achieved because all. nodes must
learn about their neighbor nodes' movement and determine
the suitable level of transmission power. The optimal
transmission range found in the first period is then
appropriately and timely adapted in the next periods. The
simulation results show that the overhead could be
significantly decreased. However, effective adjustment of
transmission range can be achieved by considering the
pattern of mobile node movement.
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Abstract

The work presented in this paper is concerned with
transmission range adjustment of nodes in Ad Hoc
Networks. Each node performs distributed spanning tree
algorithm for adjusting its appropriate transmission range.
Three forms of the topology are investigated for
transmission power adjustment based on proposed method.
The simulation results show that the network which is low
connectivity can achieve the energy savings.
Keywords:  topology control, distributed spanning tree
algorithm

1. Introduction

Ad Hoc network is a network in which every node
in this network has no infrastructure could be freely moved.
If any pair of nodes moves into within the transmission
range of each other, they will create connections or links
which allow them to communicate directly. Otherwise they
will need other nodes (intermediate node) to forward data
for them in case they are not within each other’s
transmission range. Intuitively, two important performance
indicators are affected by the transmission range of mobile
node. The first one that is affected by the transmission
range is the network throughput. The average number of
hops can be reduced if nodes transmit with high
transmission power. However, high transmission range
value increases the congestion in the MAC layer. The work
in [1] showed the factors that influence appropriate
selection of transmission range. The work in [2]
investigated medium-sized networks (e.g. 20 nodes) that all
nodes use the transmission power of which all nodes are
within range of each other. Data throughput can then be
maximized. The second affected performance factor-is the
energy which can be saved by using low transmission range
value. With these reason, the problem of power-efficient
topology control has attracted much interests of many
researchers in the areas of mobile computing and
networking [3].

The work presented in this paper proposes an algorithm
that adjusts the transmission range for specified topology
and considers the used energy with throughput of systems.
Only the static network is investigated and assumed that
each node possesses information of its neighbors’ distances
by translating the received power of any packet into the
distance. Every node in the network adjusts the appropriate
transmission power to realize the desired topology based on
the proposed distributed spanning tree algorithm. The

increased message for this algorithm is equal to O(N%2)
for the worst case scenario and O(NIogN) for the best case
for a network of N nodes. The distributed spanning tree
[4], The total number of messages required for a graph of
N nodes and E edges is at most 5N log2N + 2E that the
number of edges in the ad hoc network is equal to O(N?) .
We show that the spanning tree topology can be used for
saving of consumed energy in each node. There are two
forms of network topology investigated in this work. The
first one is that every node utilizes the maximum
transmission range. The other one is that every node
adjusts the transmission range until it can have at least n-
connectivity or connect to at least n neighbors.

The rest of the paper is organized as follows: In
Section 2, we review related works on network topology
control and the transmission range adjustment algorithm.
In Section 3, we present the adjustment methods of the
transmission ranges in each node to obtain the desired
topology by using the distributed spanning tree algorithm.
The analysis of the message required by the algorithm and
the energy equation are shown in Section 4. In Section 5
show the results. We conclude our paper in Section 6.

2. Related Work
2.1 Topology Control

In this research area, we assume that every node
has ability to realize the position of its neighbors
sufficiently to form the desired topology [5], [6]. However,
the objective and constraints used in those works were
different from ours. In [7], they constructed a graph based
on Delaunay triangulation. In [8], a position-based
distributed algorithm was proposed to achieve minimum
energy and guaranteed strong connectivity of the entire
stationary network.

2.2 The Transmission Range Adjustment
Algorithm

In [9], they presented a centralized algorithm for
static network and presented a distributed algorithm for
mobile network. However, the centralized algorithm is not
suitable to the network that nodes have only local
information. Additionally, the distributed algorithm is not
guaranteed that the whole network would be connected.
Another work in [10] proposed a distributed algorithm
which each node makes local decision about its
transmission power based on direction information.
Nevertheless, the algorithm cannot always guarantee n-
connectivity of the network. The work in [11] suggests an
algorithm that every node uses the maximum transmission
power and determines the optimal transmission range.



When the algorithm is completed, every node should use
the same optimal transmission range value. The [12]
proposed a distributed control algorithm that nodes adjust
the transmission range value to maintain the optimal
“Contention Index” (CI) value. The ClI is the product of
node density and area size of local transmission range.
However, adjusting the transmission range to maintain the
Cl value does not guarantee the network to be connected.

However, the previous research works only dealt
with the algorithms for determining the desired topology or
the optimal performance of the network. The limited source
of energy has never been considered. In this work, we will
determine the appropriate topology by considering the
consumed energy and throughput in the systems

3. Transmission Range Adjustment

At the first step of transmission range adjustment,
every node broadcasts a beacon packet to detect its
neighbor nodes and distance between them. Each node
keeps its own neighbor nodes in the “Neighboring” table.
After that, each node will use the distributed minimum
spanning tree algorithm to connect its neighbor nodes for
the spanning tree topology.

In the distributed minimum spanning tree algorithm,
every node has two tables. The first table is called
“neighbor subnetwork table”. The neighbor subnetwork
table keeps the entire neighbor nodes which can be
connected in its subnetwork. The other table is called
“Connected Node Table”. The Connected Node Table
keeps the connection of each node within its own
subnetwork. There are two types of nodes which are
“active” nodes and “passive” nodes. Active nodes which
want to request connection with other subnet send CS
(Construct) packet where Passive nodes only wait for
connection request from a node in another subnetwork. At
first, every node which is an active node selects.its-nearest
neighbor node and then sends CS packet to that neighbor
node to request constructing a link between them. When
active nodes finish sending CS packet, the node will
become a passive node. The CS packet contains source,
destination, neighbor subnetwork (the neighbor nodes. of
source’s subnetwork) and connected node (the: connection
in source’s subnetwork). After a node receives a CS packet,
if the new requested link which is the link between source
and destination of packet matches with its nearest neighbor
node, the receiving ‘node will update connection
information of its subnetwork information and flood CF
(confirm) packet with a “confirm” bit to accept a requested
link. Otherwise, node will flood CF packet with a “reject”
bit to refuse the requested link. This type of packet contains
source, destination, seq (sequence number), confirm bit,
neighbor subnetwork (the neighbor nodes of source’s
subnetwork) and connected node (the connection in
source’s subnetwork). Upon receiving CF packet, if the
sequence number in CF packet is newer than the receiving
node’s sequence number, that node will check the next step
that they have now categorized into two cases. The first
case is that any node receives CF packet with a confirm bit
and the new link in CF packet matches with its nearest
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neighbor node. Node will update connection of its
subnetwork and then floods this CF packet to its own
neighbor nodes. The other case is that node receives a
reject bit in CF packet. The receiving node will discard
that CF packet. After that, nodes which are nearest to other
subnetworks will become active nodes again. An active
node shall send a CS packet to connect with other
subnetworks. This process is repeated until the network is
a minimum spanning tree.

When the network is a spanning tree, each node will
adjust its transmission range to be n-connectivity by
comparing the distance of the spanning tree network with
the distance of being n-connectivity network. The chosen
transmission value is the maximum of those transmission
range values. Nodes use the chosen transmission range
value and broadcast beacons to declare connecting status
to its desired neighbor nodes. When node receives a
beacon packet, the newly chosen transmission range value
which is the maximum value between the distance of
node’s beacon packet with its current transmission range
value will be used.

.....

Fig.1. Forming topology by using the maximum
transmission range value.

¥ s

Fig.2. -Forming topology.by adjusting the transmission
range value to maintain a spanning tree graph.

Fig.3. Forming topology by adjusting the transmission
range value to maintain a 2-connectivity graph.
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Fig.4. Forming topology by adjusting the transmission
range value to maintain a 3-connectivity graph.

By using the maximum transmission range value,
we got the dense topology, as shown in figure 1. Thus each
path composed of a few hops. However, the MAC layer
may be deeply affected and energy is more wasted. In
figure 2-4, topology is sparse because of adjusting the
transmission range value.

4. Analytical Discussion

In this part, we shall consider the increasing
number of message generated in the proposed distributed
minimum spanning tree algorithm and discuss our proposed
energy-related modeling.

41 The Complexity of Proposed Distributed
Minimum Spanning Tree Algorithm
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Fig.5. Worst case scenario

The worst case scenario is shown in figure 5 (3 < S, < Sz <
... <Sn.1). The spanning tree will be connected by N — 1
times. Each time that nodes connect, N -messages will be
flooded. Thus the maximum number of messages generated
in this case should be in the order of O(N?).
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Fig.6. The sequence of connecting in the best case
scenario.

Figure 6 shows the sequence of connecting in the
best case scenario. The number of connection a
spanning tree topology requires is equal to O(logN). Thus
the most message number of this case should be equal to
O(NlogN).

4.2 Energy Model
This work has considered “consumed energy”
into two parts. The first part is the energy used for
sending a packet which is, in turn, proportional to r".
Therefore we can reasonably present the energy for
sending a packet as in (1).
E t, . or’ 1)

send ~— ‘“sen

E...q The used energy for sending a packet (J)

teng Time of sending packet (sec)

o Constant value (J/s.m?)
I  The used transmission range value for sending a
packet (m)
The second part is the energy used when
receiving a packet which can be obtained by (2).

ETBC = trecﬁ (2)
E... The used energy for sending a packet (J)
t,.. Time of sending packet (sec)

L Constant value (J/s)

5. Simulation
5.1 Simulation Environment

We varied number of nodes in the test network
between 30 and 70. Each node is randomly placed over
1000m*1000 m. For the traffic model, we consider
constant bit rate (CBR) data source; each sends packets at
a fixed rate of 2 packet/sec. The data packet size is 512
bytes and the initial energy of each node is 5*10° J. For the
MAC layer, the IEEE 802.11 DCF is used.

At the initial time of simulation, every node in the
network adjusts the appropriate transmission power to
achieve the n-minimum spanning tree topology (n is the
connectivity of each node). Each node uses this
appropriate transmission power to “connect” the entire
network. The simulation will be terminated whenever a
node has depleted its energy. The simulation will be
presented in the next part.



5.2 Simulation Result

Figure 7 shows the average transmission range
value of the network. It clearly shows that the average
transmission range value of the minimum spanning tree is
lower than other. Additionally, the average transmission
range can be reduced when the number of node is
increased. This is because of increasing density of network.

£ 3 B @ 5 N % @ B M
Murmiber of node

Fig.7. Average transmission range versus Number of node

Thus, the network which uses transmission range
adjustment requires lower energy than those with full
transmission range as shown in Figure 8 and 9 (Note that
goodput is the successfully delivered packets). The three
scenarios which deployed the transmission range
adjustment techniques do not show different results.
However, we believe that if simulation is run for longer
times, the minimum spanning tree topology can use the
lowest energy.
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Fig.8. Used energy per sec versus number of node.
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Fig.9. Used energy per goodput versus humber of node.

On the other hand, Figure 10 shows the disadvantage of
using the transmission range adjustment. Average delay and
number of hop will increase when the connectivity of node
is reduced
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Fig.10. Average delay per goodput versus number of node.

6. Conclusions

This paper, we presented the transmission range
adjustment techniques by using the distributed spanning
tree algorithm. We tested four forms of the topology via
simulation. The results show that the networks which use
lower connectivity can achieve more energy saving than
the networks which use full transmission range. This
subsequently leads to a good “goodput” of the system.
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ABSTRACT

An algorithm for Transmission Range Adjustment for
nodes in Ad Hoc Networks is proposed. Each node
executes the distributed spanning tree (SPT) algorithm to
select an appropriate transmission range to achieve the
preferred n-connectivity. It could be seen from simulation
results that, with lower connectivity, more delay and jitter
are witnessed. Nevertheless, more energy saving could be
appreciated than those without transmission range control.

1. INTRODUCTION

In an Ad Hoc networking, every node could possibly
move freely and they require no infrastructure for
enabling communication. With recent multimedia
applications, data transfer among Ad Hoc nodes requires
networks to be “alive” as long as the data transfer period
may essentially require. This is to ensure that such
communication session would be meaningful. There are
two important performance indicators affected by the
signal transmission range of mobile nodes. The first one is
the network “Throughput” as the average number of
transmission hops can be reduced if nodes transmit with
high transmission power. However, high power usage
could increase congestion in the MAC layer.  An
appropriate selection of transmission power is based on
several factors presented in [1]. The second factor is the
energy saved by using low signal. transmission range
value. With this reason, the problem of energy-efficient
topology control has attracted interests of many
researchers from the areas of mobile computing and
networking.

The algorithm developed by authors shall adjust the
transmission range of nodes to form a specific topology
and consider the energy consumption along side the
throughput of the system. Every node adjusts the
transmission power to realize the desired topology based
on the proposed distributed spanning tree (SPT)
algorithm. In the worst case scenario, the amount of

message generated by this algorithm equals to O(N%/2)
and equals to O(NlogN) for the best case for a network
with N nodes. The distributed spanning tree [2], The total
number of messages required for a graph of N nodes and
E edges is at the maximum of 5N*log2N + 2E where the
maximum number of edges in the ad hoc network is
O(N?). We can show that the spanning tree topology can
achieve energy consumption saving in each node. Two
scenarios of network topology were investigated in this
work: maximum transmission power and n-connected
network topology.

The rest of the paper is organized as follows: In
Section 2, a literature review on network topology control
and the transmission range adjustment algorithm s
presented. In Section 3, we present the proposed
distributed spanning tree algorithm to adjust the
transmission ranges of each node to obtain the desired
topology. The analysis of the message required by the
algorithm and the energy equation are shown in Section 4.
The results are shown in Section 5 and conclude our
discussion in Section 6.

2. RELATED WORK

The work in [3] proposed a distributed algorithm for
each node “to make local decision on its suitable
transmission. power based on direction information.
Nevertheless, the algorithm will not always guarantee n-
connectivity of the network. Another work in [4]
developed a centralized algorithm for static network and
presented a distributed algorithm for dynamic network.
However, the centralized algorithm is not suitable to the
network whose nodes have only local information.
Additionally, the distributed version was not guaranteed
the network to be connected. The work in [5] suggested
an algorithm that every node also utilizes the maximum
transmission power and determines the optimal
transmission range. At the end of computation process, all
nodes should finally use the same value of optimal
transmission range. The authors of work presented in [6]
proposed the localized algorithm for constructing power



efficient topology. This algorithm can reduce the
transmission power by replacing path of each critical link.
However, the previous research works only deal with
the algorithms for determining the desired topology or the
optimal performance of the network. The limited source
of energy has never been considered. In this work, we will
determine the appropriate topology by considering the
consumed energy and throughput in the systems.

3. TRANSMISSION RANGE ADJUSTMENT

Firstly, every node starts broadcasting a beacon packet
to determine neighboring nodes and distance between
them. The information obtained will be kept in the
“Neighboring” table. Then, each node will use the
distributed minimum spanning tree algorithm to connect
its neighbor nodes for the spanning tree topology.

In the algorithm, every node shall create two tables.
The first table is called “Neighbor Subnetwork Table”.
This table keeps the entire neighbor node which can be
connected in its subnetwork. The other table is called
“Connected Node Table”. This table keeps the connection
of each node within its own subnetwork. Nodes are
classified into two types: “active” nodes and “passive”
nodes. An active will send CL (Construct Link) packet to
request connection whereas passive nodes only wait for
the connection request from a node in another
subnetwork. Firstly, every active node selects its nearest
neighbor node and then sends CL packet to that neighbor
node to request constructing a link between them. When
active nodes finish sending CL packet, the node becomes
a passive node. The contents of a CL packet contains
source, destination, neighbor subnetwork (the neighbor
node of source’s subnetwork) and connected node (the
connection in source’s subnetwork).

After a node receives a CL packet, if the newly
requested link matches with its nearest neighbor node, the
receiving node will update connection information of its
subnetwork information and flood CF (Confirm) packet
with a confirm bit to accept a requested link. Otherwise,
node will flood CF packet with a reject bit to refuse the
requested link. This type of packet contains_source,
destination, seq, confirm bit, neighbor subnetwork (the
neighbor node of source’s subnetwork) and connected
node (the connection in source’s subnetwork).

Upon receiving CF packet, if the sequence number in
CF packet is newer than the receiving node’s sequence
number, that node will check the next step that they have
now categorized into two cases. The first case is that any
node receives CF packet with a confirm bit and the new
link in CF packet matches with its nearest neighbor node.
Node will update connection of its subnetwork and then
floods this CF packet to its own neighbor nodes. The
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other case is that node receives a reject bit in CF packet.
The receiving node will discard that CF packet. After that,
nodes those are nearest to other subnetworks will become
an active node again. Active node shall send a CL packet
to connect other subnets. This process is repeated until the
network is a minimum spanning tree.

When the network is a spanning tree, each node will
adjust its transmission range to be n-connectivity by
comparing the distance of the spanning tree network with
the distance of being n-connectivity network. The chosen
transmission value is the maximum of those transmission
range values. Nodes use the chosen transmission range
value and broadcast beacons to declare connecting status
to its desired neighbor nodes. When node receives a
beacon packet, the new chosen transmission range value
which is the maximum value from the distance of node’s
beacon packet with its current transmission range value
will be used.

Fig.1. Topology forming by maximum transmission
power,

Fig.2. Topology forming by adjusting the transmission
power to maintain a spanning tree graph.

By using the maximum transmission power, we could
obtain a dense topology, as shown in Figure 1. Thus, each
path composes of a few hops. However, the MAC layer
may be severely affected and more energy is consumed.
In Figure 2, 3 and 4, topology becomes sparse as the



transmission power has been adjusted.

Fig.3. Topology forming by adjusting the transmission
power to maintain a 2-connected graph.

Fig.4. Topology forming by adjusting the transmission
power to maintain a 3-connected graph.

4. ENERGY MODEL ANALYSIS

This paper categorizes the energy into two parts. The
first part is the energy consumed when a packet is sent
which is, in turn, proportional to r". Therefore, we can
reasonably write the energy of sending a packet as follow
by (1) (Note we use n = 2 in this work).

2
Esend = tsena @l 1)
E.. The energy consumption for.sending a packet (J)
t.. Time of sending packet (sec)
a Constant value (J/s.m2)
r The used transmission range value for sending

a packet (m)

The second part is the energy of receiving a packet
which can be calculated by (2).

EI'EC = tl’ECﬁ (2)
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E.. The energy consumption for sending a packet (J)
t. Time of sending packet (sec)
) Constant value (J/s)

5. SIMULATION
5.1. Simulation Environment

In simulation, we tested four type of network (full
transmission range, spanning tree, 2-connected and 3-
connected). There are three flows of packet in each
network. The first flow is transmitted from node 17 to
node 16. The second flow is transmitted from node 20 to
node 29. The last is transmitted from node 24 to node 25.
The data packet size is 512 bytes. Arrival rate of packet
and simulation time, they are equal to 4 packet/s and
1000s, respectively. For MAC layer, the IEEE 802.11
DCEF is used.

At the beginning of the simulation, every node in the
network adjusts the appropriate transmission power to
achieve the n-minimum spanning tree topology (n is the
connectivity of each node). Each node uses this
appropriate transmission power for connecting the
network. The simulation will be terminated whenever the
energy of that node is depleted. Simulation result will be
presented in the next section.

We generated three pairs of origin-destination node
pairs as 1) from node 17 to16, 2) from node 20 to 29 and
3) from node 24 to 25 with the average arrival rate of 4
packets/second. The experiment time was 1000 seconds.
Then, the “jitter” and “consumed energy” were measured.
Average jitter could be obtained from (3) as:

Jae ) =W*I(i)+1-wW)*J, . (i-1) 3)
where
w : weighted value between 0 and 1
J.. () : average jitter up to packet i
J(i) : jitter of packet i

5.2. Simulation Results

In Figure 5, network with low connectivity takes
longer time to accomplish packet delivery. This is due to
longer path length as shown in Table 1. Figure 6 and
Table 1 show jitter value in each test scenario. With low
traffic scenario tested, jitter value appears to be higher in
case of low connectivity due to paths with higher hop
count. This is because, according to IEEE 802.I11, nodes
need to randomly select backoff value for transmitting
data at each hop. This could result in, for a longer path, a
possible higher difference in delay for each packet.
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Tablel. Average jitter (s) and hop humber

Jitter (s), Flow 1 Flow 2 Flow 3
Hop number
FullTR 5.99* 7.82* 6.94*
10% 6 10%, 11 10% 8
SPT 8.11* 9.58* 8.23*
10%, 11 10", 15 10%, 11
2-Connected 8.06* 9.46* 8.24*
10% 9 10,14 10% 11
3-Connected 6.86* 8.96* 7.61*
10% 8 10%, 13 10%, 10
Table2. Energy consumption
Total Energy | Number of | "Ave Energy
Consumption Node Consumption
FullTR 2.53*10° 17 1.49%10°
SPT 2.03*10° 22 9.23*10*
2- 2.09*10° 20 1.04*10°
Connected
3- 2.09%10° 18 1.16*10°
Connected
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Table 2 shows the energy consumption results from
simulation. The network without transmission range
adjustment will consume more energy than the network
which is capable of signal transmission power adjustment
as the energy consumed is proportional to r?. The distance
seems to have more effect to the energy consumption than
the hop count of paths.

6. CONCLUSION

In this paper, we presented a methodology for
transmission range adjustment to achieve energy saving
by using the distributed spanning tree algorithm. The
issue of energy saving is an important issue for mobile
multimedia communication where prolonged data transfer
is essential Nodes were randomly placed in the simulation
area and used this algorithm to form the preferred
topology. We tested four forms of the topology via
simulation. The results showed that the networks with
lower connectivity have more delay time and jitter in the
case of low traffic. However, they can achieve more
energy saving than those which use full transmission
range.
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