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A self-stabilizing clustering algorithm based on mobility
pattern of nodes in mobile ad-hoc networks

JunpEl Kurotwa, ' Yukiko YamauvcHr, !
WEIHUA SUN 1 and MiNORU ITOT!

A mobile ad-hoc network (MANET) consists of mobile nodes that communi-
cate with each other by wireless communications without any fixed infrastruc-
ture. Clustering is a method for hierarchical management of a network, which
is often used in MANETSs. Johnen et al. proposed a self-stabilizing clustering
algorithm which considers a MANET as a weighted graph. The algorithm has
autonomous adaptability against changes in a network, but does not consider
the stability of clusters. In this paper, we present a weight assignment method
for Johnen’s algorithm that reflects the mobility of a node to its weight so that
the stability of clusters is improved. Simulation results show that the proposed
method improves the number of changes in clusterheads of the former method
by 34% .
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GPD 13/ — K p; DEHIZ, p; BT D7 N—TOBENRMEEZ BRI IE L7200
HThHD., INV—TTLOBEXI MLOVSEEZRD, &/ — ROBEHIXT MLl oz
W CEAZED Y TH, B L IZBIT D/ — R p NET DI V—T g OBEXZ |
DT By, (1) 1 By, (t) = ﬁ N T ehD. A=K p CHLT, pSETBY

pi€g!

N—T OFEEE~ 7 bV L D Dy (t) 12 Dy (t) = Eg, (t) —vi £72Y, ZhboRND
J— R p; OBTRT MR UTBEAER GPD;(t) 13X (4) &72%. GPD;(t) 1388
7 MBI N—T OEE OB MTEWIEEBREANREL D,

1

GPDi(t) = 5551

(4)

/—FOEHEY L TEHK

EED GPGi(t), GPNi(t), GPDi(t) ind /) — K p; 0&EH% X (5) TEHT 5.
f(pi) = b1 - GPGi(t) + by - GPN;(t) + bs - GPD;(t) (5)

RSCA 3%/ — ROBEAHNPEWIEZR2 DRy N =713 L TR ST LT Y AAT

b5, K (5)1ZRRD ) —Fpi, pj T ), fpy) BRCEE RDZBEANRDS. TOHBA,

) — RO FAZ L > THEEAEITS. DFV, /—Fpi, pi(i <) LT f(p) = f(ps)
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ThdLE, /—KNp; OFEMAI p; OEALD bREWEHET 5.
5. YTal—Y3rER

R LT-HAE Y TREOHIEZHERT 572012, Java TV I 2 bL—X 2L, BE
FFEY L ORBERET-7-. AETIHILDIC51HTY I 2 Lb—y g VEREIICOWD
TRL, Z0Ot% 5.2 HiCEBERIZOWORT

51 YXal—3iaVvigty

FMEFEBR T, /— FOBENMRWE LTI/ A—7%2 L T/ — RBNBEI+ 57 L2 48
ELTWD., 22T, BETENEDITHDLEEZLND RPGM &, /—FOEE U T ¢
NE— b LTREMNRET AL THS RWP £ 9 200FE Y 7 4 23— 2% LT, W
K ODVDOBEFRIE L WFEREIT 72, ¥ 2 b— 3 UREIRIT 13428 200[m] THDHIES
JERERE L, &/ — FIZZOfENETE ) 7 4 3F =W BEIT 5. RPGM ICEEL
T, IV—THNORKD ) — % 10 L L1z, v ab—va V2RI H T 2 —4
ZRLVITRT. INA—70OBROERIZE L ICBITAEEHRELFRCME2->TEY, 7
N—TNDOE ) — RITAWVCEHZEREARETH . EFELEEFETI 2 >OTLEY 7 ¢
RE =K LT, BICERDFIFEE Z L 12K 100 @5 I 2 b— a3 U E{TW, £
DFYIfE % g4 5.

®2 TAHEIVYUTUHETLINRT A=

ai,az,as 1

£1 YIal—va il inRTAi—X M 10
T 15

J— N 500 N

TIat—va W [s] | 1800 T ;)V 5(1)0

I G [m/s] 1 bl =
[N 60 £ -
TP [m) 10 i 30

SCHK 11) h(zx) 1

T 15

Wi FiEE LT, &/ — FICT7 VA ACEAZHIV Y THTEE, Uk 11) TIRES
NTOWDEAED L TREZHACD. MK 11) T 7 AZOREREZBNEL, LLTO
912 — ROMMNLEDOEICER Lz 3 2OEAEID Y TFE Nei, NumN, DifN
EENZTIREL D, 3 DOTIEIIRA ¢ 1B 5 /) — K p; OBz — ROES N;(t)
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ZHV, EAEZFID LTS, Nei 3 bEMARTIETHY, Bk — FofEER L LTE
DMTS., B — RRZTIUEZWIEEEAIREL 2D, NumN, Dif N 3R Z &
DR ) — ROEDFE, Btk — ROEBEOT A R EHL LT D.

Nei: f(pi) = |N:(t)]
T-1

NumN : Numi(t) =Y (M(T — k) x (INi(t — k)| = [Ni(t — k= 1)])) & L,

Fp) = M/ (Numa(t) + 1)

DifN : Difi(t) = Z_:h(T ~k)x
(INi(t = FNNG(t — k — 1)] + [Ni(t — k = D\Ni(t — B)]) & L,

fpi) = M/(Difi(t) + 1)

o, BRETEICELT, EAEY YT 3 >0H GPG, GPN, GPD &N L)
ISR T 2R T 272018, ENENOEZ HIMCEAIZEN Y Y THGEAOMRD
B HATD (b1 = 1,bo = bs = 0%). EAEIV Y TIHET T A—FEK 2R

ARFEBRTHWZHMIEREIL 7 7 A X~y ROE(LREEkE 7 T A F~y RORETH 5.
DSRE~AY FOEREH : 7 T7AZORENEFMT H720DEETH L. %/ — KT

BILT, #FRHIZEIZ7 TR 2~y Rl /— R, b LIFZ0oHOEE R L
TEH AR T D, 7T AZ~y RBRELTHIE, 7 7 AZOFBEIMTbL, VAT
LDF ="~y RREL 2D, TDD, 7T RAZ~y ROBALEERD D705 3R
DRV,

DIRINY FOWE : 7722 ) T OEETMT 2720 0FHIfEE TH L. 7 T A%
~v RPWURHIZ T IUET T 2 ¥~y FOBLEEIT NS 25 AREMEIXH 208, 77
AB DY A ZXPINEL TR, 7 TREZY U TOMBENRRN. 2D, 7 TAX~y R
ORENDI2aNTE, TWITRFV T EERD.

52 EBR#ER

X112 RPGM 7 /L& RWP ETUVIEIT D7 T AX~y ROELRIE, K227 T A
Ho~y RO ZRT. M1, M2 08I sd s 2 b—3 g VBT OAR-ICE
FHEDOEETHS. KIZBWT, GPG, GPN, GPD 2T FNOHE%Z B TERIC
FO S TG EORETHY, GPGND (FREFIE) (ZTNHD 3 DDHERK 2 D by, ba, bs
OEIZ L7z > TAG DR EAZE D Y CRERTHD.
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9, RPGM (B L CRETIE L LR TIEZLKRT 5. 7 7 A%~y OBk % R
&, MEFEIHRTFIEOWT RO TR L TH/NIWEE 2o TN D, EIETED S
B, b7 TAZ~y RERIEO/NS W Dif N LHEELTYH, EFETI T AZ A~y
R OZAGEEA 34% Bl ENTERY, 7T AZOREMRICE LT, BEFEIADTHD
LERD. VTR ROMEKERD L, 7%, Nei, Dif NIZH L THREFIEITL
DINERETH DN, NumN IZxH LT 7% K&V, Lo, BEFEDI FAZ~y R
ZAEHIE, NumN ©OF F A%~y REEERE Y 54% D7, 7 T AL~y ROk
DOEEMEIZIART, 7 TFAZ~y FROREMIIRELL WHEINL TN D, 2 DOFHEEEIZS
WTRAMICAS &, BEFEIIHBETIEICBIT 527 7 A4~y RORKEMZ >, 77
AL~y RO EZ KELSEIHLTEY, RPGM T /UK LTY 7 AX ORENE
YEE LI FETHD.
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WIZ, RWP ([CB L CIRETIE L W TIEE2 T 5. 7 7 A X~y ROE{khkkE L5
L, HFEONTNOFELHKRLTH, BEFIEIINSVELE R>TWD. HIEFIED
26, kb7 T AL~y RELBEEOMEMA/NS W Nei R L TH, EFIRIZS T RAH
~vy ROZE(%E 48% I L TE Y, RPGM LR, 77 AXOLEMEICEL TR
RFRETENTHD. 7 T7RZ~y FOBRBERD &, REFEIONTNOLBFELY b
INSREL 7o TV D, BFIED H S, EHEI/NIWV NumN SHBL TS, REFE
137 T AZ A~y RO¥EE 9% B L TEY, RWP T /UZBWTIX, Z7I7AX 70
BIZBE L THIRBEFRIADTH D, 2 DOFHMIEEEIC OV TREMICRS &, #EFIEX
7T AH o~y ROELEEE 7 T AL~y RORBEONTFROMELHEKTE TV, RPW
TR LTI TAZDOREENE VT AZ) T OB EZLEL WD LGRS,

EHIT, HAEY Y THEOETH D GPG, GPN, GPD ZhEh % B CE I E
DY TEBAICBT AEREIETS. RPGM EF/LICHOWTRSE, GPN 27 524
~y REEEFIZBE L TR bB/AEW. LML, ZT7AF~y RORKIZE L Tk GPN ©
WA 480 IZE L /B REL, 1FEAED ) —FBRI TAZ A~y REloTND, ZDD,
RPGM EF/LZBW T GPN 327 T AZ U FOERNRDVENLDO LTS, 7T
A B~y R OMEIF GPG 2 b/ EW. RWP 5 /M2 Th, RPGM 5 /L0
HERIUL, 72 T7A%~y FOBEFIZE L TIE GPN, 77 AX~y ROREUZE LT
1% GPG g b/hEV. Ko T, 7 TAZ~y ROBEHRAELE LI-WIEE1L GPN, 7
T AH Sy ROREEELE LZWEAIE GPG 2ERTIELWEEZHND.

PbozZ bnd, MEFRIHBRTEL LKL T, RPGM, RWP OWFhoEE Y 7 ¢
RE—=NIBNTHY FTRAY Y VT OEEMEREL DD, 7 TAXDORENERELEFET D
TEMTECWS., F2, HEAHIY L CTREMKICET S 3 2O, GPN 87 7 A X DLE
P, GPG NI TAZ ) TOBEIIKRESEETL2HTHDL LB oholz. £, S4EOD
FBIL ) — RE& 500 & LTHRY, FEOEMPITH LA X b E L TIORMNE
FEThb. S%BRRDEEICBTBHBIEREIT TETHD.

6. BbH Y I

AR TIE MANET BREICEWTZ FAXYORENZWET HHOLEY TAX ) VI F
BERER L, vIalb—varyEZERICEY, BEFEITY 7 A2~y FOZEHIZBE L
T, PERFIRITH AT 34% i L7z, BEFBITHRFELY 7 T2~y ROBEMN
NI REL RDGHA LD DN, 7 TAZY U TOEEHFI LoD, 7T AXDLEM,EK
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EWET LI LR TE. SBROBEL LTUL, SESERVFaxz—var20lfF
BT A D ELEN D G TFREEBRT LI LENRERALND.
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