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Abstract

In recent years, there are many researches on topology control, but few of them
take mobility into consideration. However the mobility issue is an important issue in ad
hoc networks. In this thesis, we consider an adaptive topology control scheme based on
r-neighborhood graph for ad hoc networks with mobile nodes. In this scheme, each
node can configure independently and make itself accommodated to the changes of the
networks. The scheme can save much more energy in mobile environments. We
evaluate our topology control scheme by a set of mobile ad hoc network by simulations.
Simulation results show the scheme is practical in mobile ad hoc networks.
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f & HE R $eBa(ad hoc networks) ¥ # 1 ¥ 45 # & 2L(mobile node) it ik
(energy)_“LJ Ren, #71d ;{"E\-L(n()de)ﬁb v% ﬁ:—i B i g = (power)ﬂim /)E\‘ E Rt /}};"%;;I;F‘

@4%@MMWWHﬁE£ﬁ% A A S RAL LS 4R ] (topology

control) o iE S # k- T dE KRNI RN, KA e
m/EH 7L ‘FK v f}:z)‘lf\:,{ t—l—_ i lP—‘ﬁ,’é. I% f’% o ‘g—f‘%" f’?ﬁ".}/ﬁ’é‘ﬂ" «‘é ‘P_zﬁ_)‘; ‘,:' *’% miﬁ?}: ge%l—
RAE1Eo

24P #5514 (mobility) s » F9B 1S, AL B ¥ R E R A R ik
®, vebg B dp EPE R S mAEY ET - %, 50 Pk,
f1 00§ FT4RHE enfr 43 L (control message)s B MEE A Bt 2 A B4 o KA
MEF AL R B e, & BB g S e T, 2 - J@k?ﬁﬂ@ﬁ]
DAL, SR LR U Y R e 5 L iR

B, 3L L R L

o

TIRE A S, @ % KNS A F 2 (localized neighborhood information) 4

FOFVIR B2 B R FEHAS R 3 31 (global neighborhood information), # 4 ¥ &g ¥

PRI L e B RE BRS¢ (123415 0 1], ey L
Ty 5 2 Koo 4ok NP KR e R j\—ﬁ, b F R R4 g L fﬂ-‘—’fﬁ
Frenge s & 2 5 i dli g Flt, AR dUL SRR Ao pE, R Y R o

gn@iﬁgo ANipATER/T P @ 7 — kI _H#‘ ff——»pr-ﬁézﬂ‘@
(r-neighborhood graph)[5] 4 ﬁ-; NG,, 7 ¢ F B g 74t @ﬁ%l‘fr%%f@ﬁﬁ?é‘i T
FAp e AR EBAEEAL Dadp g T BB P

® ifif [ (connectivity): fiEELP IZ R A HBL usv, - TF PSP - RS
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Bigufey, SE Y R PN, ok A L e 7 ¢ 3 apikendEid,

I TITI

® 5-2L4 3t B (degree) : § RN E (network traffic) ™ B 3% 5 AP, HELA
ARAMF(RAFRRAPERTT), € FRAFHE kiR, ot - &, &
FEDR R E LA BREAE o F RS L RO, TV @ LSRR
4 o

® 5 »xic Al * (power efficiency) : A @ﬁ?]ﬁﬁ_" , e EE L R
B S R SR AR AR ERE o A AR mT Y, AR ST

% %]+ (power stretch factor)[6] k £ i o Z A {5 € B E 45 o

GIL L iF T, CUNG, B ARSI RIS AT R B RN T
P o AR, BT 7 ARNG A AT RS R AR R AL R,

TR v BB R R BBERRENG, T 7L -
Al x5
BELH A

BRI R A RE L R AT - BEEE L VY nE
ST G b, A S BRERF - B e AW, TG A kA @%J%
Flo - @8 UPRT LB 2R R h A F LA LG N[T]5g gL poih

=B o b A %Ff%é‘%’ﬁ”ﬁ Ao cppn) kg

R e g v 02 % H = [F) Bl (unit disk graph) % #3% i (modeled), ¥ = [F1 @7

AL 5 UDG(V), % |uv| <1 pf,ufrv 2 UDG(V)AZA § #4pid - Fxd ||uv||
i i (link) B, B ATF b 3 55 o B a g RFIRE I TA 7
B8], i ¥ 24 2542/ -

o TG R R T BB SR FS )RR, A BFHE



i e

E 5 BLa L U 3| v el B S (unicast path) 4 7 (UV) R & 55, 7

(U,V)=VoV1...VhaVh, Vo=U ¥ Vp=V, PRI IE RIS T84 cnfd ot 7 & 7 =

h o
p(z(u,Vv)) = ZHvi_lvi [ (1.1)

PouV) % & G ¥ K u Pl v enE R s P # 44 8] - iERS, B3R G
3+ Bl s G, Bl GApE* G et 536 T+ &

P (U,V)

P! (G)_ UVeV P (u V) (12)

Box F A L Rk TN

(1.3)
o)k 4 hE 6 G ¥ T3 &8 u e 2B o
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BT RR X AT o3 M aET, ¥z

FEAEFRWY
YR Y HING,, Bw R R kPl s sk fo A 37 R A L, ¥ T
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RO ) EEZ RN 720 =€ ok VBT SUERE /L fr@@}%ﬂ@ ks R
2. (homogeneous)fr £ % |+ (non-homogenous) , ¢ F | 4 #75 & RN AR
ﬁq@,ﬁgjgzﬂ E: ?{'ﬂ]ﬁ_ﬁ']{fy BELLT R F A Pam@ﬁgﬁja@ HY ?f“ﬁiﬂhé
AR E 2 2B g2, w2 R IFARF AR, a RFRLA
e, P R PR s G B PRA SR o T BT
Erdlig s - B &€& g, f0F5H I (locality) e h R ehE L A5 B &
BLF U R fﬁ:b%;)%, FRF M K T]%éirz T B R R IVELE (local view) © iz HF e
REBEBETRETA ¢ A RFEATE o SLEHIFE I f ], @
¥ %t € A7 fi(reconstruction) o & 2.1 & ¢ AR A 2 B AR AR AT AE

B BRI

¥ Renp IR, 2R T2
®  4p B 4% & Bl (the constrained relative neighborhood graph)[10], # # RNG(V),
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ii. Mu~viRer FLEMLENA BRORESY, 23 R

Bww 3 a3V, 2% 5 ufev)
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V, 2% 5 ufrv)

¥ Fl(yao graph)[12],, A YG, (V) (k @ F <3t %30 6), & VAREZZL - &%

u, M st S kiR 148 (cone), BF B FIAAALIe % u friE - B

Byl AMYEER S

i fuv =1 e

i At AR s e H 8 EE w, @ uw|<||uv|

YG(V) 5 YG, (V) hiE = ] »

u

{a) RNGH b) GG

%l 2-1 RNGF= GG {r YGg

AR T F e F R TG ok < S B L R o E[BlEhRw ¢,
Pl - BALEXTC 24, HALXTC(V), w2 @4, & ao s &80
ARALF 6T, ¥ XTC(V)ZRNG(V)in+ B, F&1F T &848) - B
vb et R EEGERE RNG(V) T ¢ £38 XTC(V) >

AR AR ARSI
T,RNG g+ & 2ha L BT A, 436 RNG e 5325 53 g 2 it
L] A[6] o

GG(V)i# FFR F+ 5 1, A H A &L A RV inl(2Y ni Vg
P& EERE), PR TR & BT 8 B BT FEEGEAE GG(V)ir
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YG, (V) id = & 8L “b o L R (out-degree) 3 % H_k, 7

SRR R
] & (1/(1-2sinz/k))* [6]

, PTIIR R KES ],

R A AL e R 0 E AF R, T A RRYE V) b
g p A AR LR R

YG (V) b * & Bho b & X R e

Fem2 [SIF L ¥ ez BREERLG 2 PR Ok & 8L
Fd fi’fr'ﬂ FELFF oA AE T TR E'?’”JNGr'p’

§8LA L R os FE i

CUFE BT S ]
e Fl+ o

2.2 # ¥ trdp 1

N R L R R LS SIEE2 A

AR S S R ARG S S R L RS el i

ST RS B 1 R PR R R

&% o

£ 3 ek 38 F A 2 (Local Information No Topology) i #i- LINT fr4d ik

fi 37 4% 1K 38 3 3+ 2 (Local Information Link-state Topology) i 4 LILT[1], i&&_
B B EEH R TR N andE g I e LINT AUR-5 24 2 R U dona
Frdmin 2 B, ¥ EF 5 ED il A Jcd FIARE chF o Aek F P WD
BLA A B A, THERR 2 H F B A Aok B IR A O dg, RIHE-A S 0 S0

2% 4 : o @ LILT #.02 LINT 5 AA#, © H_ <& fi#
HAaS R R B, A 7 - BEME

k| R AR R S, £l

TPEEERIVRE TN
PRAGUM, RGEFIFAL TR AL -
b [2]4% 0 - B A AT B 2 AT B 1 (MobileGrid), A2g 475
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i S B IFHL % 31 (contention index) i £ % CI, CI
@ﬁ%@ﬁ?ﬁ%ﬁiﬁﬂﬂiﬂﬁﬁ%é,Eﬁﬂ%iﬁﬁj%% 2 |

7 7:\'1:\.‘» I

'E%’ hl—r]/(_q. ]B; ET”‘!:' é’/PJ hl—rg; I:T‘];I"‘b# ~ —\51 %g:f\_"g —’J‘I”F’f"# %&B N rﬁ CI

l\-bj

Y

R A HRE#cP b 1o F B %F;g;h;rsﬁvséc%“— 3k B iF 1 % $&(optimization table)
Rigs 2 B s Farado i CL TP JEA 45 4 CL 2B H I3THl R
FRKkETCle EB2abBkiF §F Shadlal i,
FERE B E BN AL, PTG 6 R B EE h, B
%&Bﬁ%ﬁﬁ,ﬁﬁ%@ﬂé?ﬁCh P CIREEFHRBT, LIRS
%%f%ﬁ,&ﬁ?ﬁbm—&?%éﬁﬂﬁuia,%ug@ﬁmmgizgﬁm

BB AEY, A& NG 7 i pl s rleni & T, #it & A R

- REGEH B R, LR R F E L R L ATBA T
ﬂﬁﬂ°u?ﬂ%aéﬁ%w%?ﬁ,%%@ﬁﬁ%ﬁﬁﬁ,gﬂﬂiﬁ%ﬁ%
EAMER o BEPBRINFEZARASIBHE o F- BIRIEREERY - X
B8 (one-hop) 45 & F 3 E@%ﬁ%%ﬁ@%m@ﬁﬁ%%éﬁﬂ&@&ﬁﬁ
(shortest path tree), @ % = 1 Ffde P R R4k =0 B i (k-hop) 48 & 30 k45 )
T OEB BREBET e BB AR A B e 2 A R Bk
FEEFAIML, FHBMARG PFE, ¥ B A mkf_‘siri&ﬁ'l”’ B2
PRI BRE 2TV AR Y U FTR T3, A ArE i Ses
Boo #TILE R BRBEILDEAT, Gl L 455, R lAs s LR ¢ F
RAEFBIFE A pRAFE S o AP ERTIsY, § RpeERAE
% @ 3R e AR, T T LA LE S o R R

B22HEE TR EY, APT UFRIPEFS LR R AT

FALBREZ DAL AP OB, 5 BFEIRD v RRAREH

%Al £ enlEf, BEWERET, Lo BT UG LR SR By
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3.1 Riserr #8 2 Bl (The r-neighborhood graph)

-
I

AHPTH RTP @RS Bu~ v ebr A8 F 3 (r-neighborhood region)4_

dZRBERBEA A, NG UV) AT, @ Bhx Bl X d Sl

~Sm

D(X,d) * 7T , H g H4o™:

NG, (u,v) = D(u, wf)~ D(m,,,1,,) (.1

uv|) N D(v,

M My » ufeven? Bk |UV=M\/1+2r2, 0<r<l

D vz

B 3-1udfe v #72) = cr 482 T 32

Ao FHER- EAeH LR TG

EV, PIE rmERMNG V) %7, FEXLAZu~Vv NG (V)*® 7 &5 &, B

For AR Bl A A AR R

IS
Tt

mEANG V)P 2 5l Bhwe
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3.1.1 RNG ~ GG 4 NG, B 14

BERCFRE BB LDRBER, A NG(V) 2 H P HRNG(V)fr GG(V)
dug e JEEY PEF N, F =0, NG (V)% k> GG(V);r=1 &, NG,(V)
£ R RNG(V) o #7004 2P B r £ 0 23 71 1 5, NG.(V) Bl ¢ K_GG(V)4&
w RNG(V) > &Rl 3-4fcBl3-57, 7 7 iy rd@ig> 1 @, Tiog e L RY
2 W, BApE AR e A GG(V)fr RNG(V)ehs 5335 ]+ frd + & 8ha L
BRI, ATE AR B NG (V) £ G I R FS foko g
AR e

-\
U\Qu

Bl 32 u o v e 6 GG

B 3-3ufrv A= 7 RNG
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(1) BB PR B TERY , B 228 B 4REd UL RiE 2 B
(2) TR OB GRS - BTN R

mOAP AR BIFER RIFEH G R R, ¥ - BT EUR T
é?p,&;l,}*}ii\—qp& gl%%#‘é/fﬂi/ /‘, E'Jg%;‘&;?ggﬁ‘lﬁ/}fl, m
ﬁf SrE R G S, TP FERMETER S AFC BREEY L ET

, & fﬁ??@_ Py R B e Rz e 7 - S @ﬁ%‘] AL PR R
TP

FHRBE L o LR, AR EBF RS P g, R F R 2
SO ¢ (AR, ATl B BAE B P ennd b a EH

3.2 — et #8 2 §l(The general r-neighborhood graph)
S 2611" BBy~ vyen— 4 &;}Jzﬂ‘_ﬁ. F;HZMNG&C(UV)Z\ % H % % Ao

NG ““(u,v) ={xeR’ ||uq (32)

where 0<r<1, a>2,¢>0
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3.3 ®& 1 #8 E B (The variant r-neighborhood graph)

6 AR E BB - S rARETR 4 A IUNG (V) & Ao H R E T

FVPELABuIevE VNG § Bh b, LFH AT A R

(1) ||U'V|| <1{max (Rmax j:; 5 X ih ﬁ;}]% @)

2) 24 Eied ®EBE A NG Y U,V) P, H ¢ L, =max{r,I,}

m & VNG ¥ o+ 88, & 3 %FE—Z&«‘FEFH’,S PRariEe REAFEBH

MER R R WA

33.1r & VNG * # &

B VNG # & B & 8Lame @ % 2 fpehr, 1B ERARY o HBE
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S, AP A B R T R % e A TR R B, R S

FRC) RO R R AL, T R A o LA U B B o r T i iR &

Firr B ERATE

|1 remain_energy y current _ speed (3.3)
total _energy max_speed

34r 1558 % #F4or #&:E % F(The r-enclosed region and the

r-relaying region)

AR RE - SRABE S N, LR 2 gl Lok g AR
B e g ATl R LA K LR Bk B T, ST R
fei oo figAmid 0 E % B (relaying region)[ 14]501E 4 o

FAEA - TR HERS o MUE 37 50 B IR gy E AR
i d RRRAT, SR uBES W BTSSR u RBREEY &

RS

1

I AR P T US I rEE RSO REE RE, | TR0

F_L
<
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I
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RR“(UV) =X 9% ||| <|u

, PAUV)+ v, X) < piu, XY 1+r)} - (3.4)

ER “(u) = ﬂ RXRNDu,T_ )—RR. " (u,v)) (3.5)

uveUDG (V)

APIE 38439 kFHEMBE- TR B RS LB 388
AU N AE P a,b,c,d frehrEE RE, Tt rHEE R L
3BEY - M, ERLFT LR DERLLAREER ERR
A g E R TERE uE T FE i L B A R D
G- 8L o A7ILE 1§ 3-9 B 5 K-8 ﬁ%@ggg&m%w@gzgg_a@p ik & 2hen

)
—\/J~ o

#_.«-""FF__7 _‘\_:_H“Hh
- P \\\ .

-
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4.1 NG, sfszg

Bip B R &P AR R R E (network simulator 2) i £ ns2[15] k=5
s NG et endp i gn g4 4] o ns2 £- Bd + N A E B F(CMUR S §
B R R R R R o N PR R RS  CHns2 PR o B

B adRiz v fJH A = KAk 4-1o
Z 4-1 FHEING g & K3
PE R F 7| P en& BLEEdE e B Bd 15 T
IR R 802.11 44 5 B4 foit #4541
7 4 B A WA R SUSRAC A o R R

411 Bk SRR

LRk g, AR B P ahighpEd e § BLd 5 % (destination
sequenced distance vector routing protocol) [16]# # DSDV - % DSDV ¢ , & i &
Bk g k- SRERY A, RIS AE BELd Y SR g AR - B B 5] 5LAE (sequence
number) ¥ R A A FRESREACE S ol o T & e R dEE D L AT o ¥R

d L ATER Y A B Arendt e 2 W 5 23R A7(full update)foig 2E cn { AT

(incremental update)e @ 4 ehZ & 3% 230 ATEF R HH 20 L AT Y o,
AR AT L kAT rr\ﬁéﬁ‘_?‘ oo AR T B R
iy Al 2 BT, e R A DSDV @ * pr(hop)#icd iTE:d & £ & (metric), 7

A R Ak TR BB -
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4.1.2 ¥ A B d K ePBCER

BALA FEER S R, AP R E ns248 2 080211 44 T B,
3 7 4ok (beacon) B ] o B F BAS B S BERE G 2 A kM, W 4“—"?&' p
d Tl ¥ 0 ¢ 2 (F 100 T F))F R iF L (hello message), i 3

RAH - LR ATA(R 42), THSREEMETR

% 42 Rz ahite pg

FEUNEL | F OB S BRG] SRS PR

-y Pt hehx,y B
r P sTig ey
n r I8 T 5542 5 iR cDER B RS

413 R MR R

AFAA S G, 4R A8 F)ns2 A2 88 i S A B3] (WirelessPhy) i
& A 183 #7 (radio propagation model )fr it i #-73| (EnergyModel) - & 47§ £ #-
2] 2% i B 445 9 20 (Lucent) 2 # 4l i chi 50 F 8 % 52 (WaveLAN) i3 B 747 3§
P E B AF(DSSS)# 73k 3 o @ ns2 ¥ M BIHHAG A 4 7 BT (Free space
model)fr B /= @ 4% #-7 (Two-ray ground model)# 7 o

® RAGHHI

B Y B oo 2 B F IRAd B, R AGUELA
L 2 @RS, AR R R GEE d 2o, AR T RL TG

]L %;L» ):i -
PGG, A’ (4.1)

P =
" G
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LELFAMPRERY, BEFRIFFDEATATEE

Bed nd 4, ST pd DRBCAIT R RRE ARG o A LR BRI
PPN b Gy BT s A

2,

2
e

AR B i BB

H 2NN 3 42

f,

o

d

A

B 4-1 Bis e

2107
L RGG 4.2)

Pr
d*L
Mo ns2 AMITREMPF R F pod 3 APHCA, R ERR R R Y B @R
Ao HEERE T AN T 43 5 Dand k2o
d. =(4zhh)/2 (4.3)

R0 PGS T e L PrgR S e 5, Gt fe Gr 2 W 5

% frfe = ﬁ e9% R F (antenna gain), A F Z AT AL &, d F W E ;ﬁ fop

&2 WM, L 5 2 @R M eh kS FS hofrh, 58 e F b

BRe hns2® LB ABYTHE LT Pt=3.625¢-10 T, A=03282 2 &, Gr

Gr=10,L=1.0,ht=hr=1.5 & 2 ,dc=86.1425 =~ &

® i ARHCE
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fns2 ® AR AL KRR RYEE, AR EERALET AL S

Ffedkica 1 o

(D @@?]1
Bi¥ ¥ & i ph, STALIR hi R 5 (193 PF I ¥Pt_consume) £ 3

(2) &z
Felof efledteo p, gARY P oM R NP, RSk A

® Pr<CSThresh: R|:#-i% & A F (FieF 1

® (CSThresh <Pr<RXThresh : it 8 B3| ix B & M5 § 4 v & Fxenfz
B, STrAde b m SR U SR

® Pr>RXThresh: B|¥ 1 dfede = hzn 55, A+ BG4 5230k,
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