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Abstract:

work constituted by information systems of land, sea, air and space. A clustering algorithm for space in-formation networks was pro-

Space information networks, which have become a popular research focus, are a new type of self-organizing net-

posed to enhance network scalability . Analytic hierarchy process (AHP) was used to select cluster heads, and then nonoverlapping k-
hop clusters could be formed. With taking node mobility and cluster equali-zation of space information networks into account, mobile
agents were used to migrate and duplicate functions of cluster heads in a recruiting way. Dynamical maintaining mechanisms like
cluster merger/ partition, reaffiliation and adaptive adjustment of information update period were also designed. Simulation results
show the proposed clustering algorithm is suitable for use in space information networks and it can improve network scalability .

Key words:  space information networks; self-organizing networks; clustering algorithm; AHP; mobile agent

1 51§

25 )45 5L 2 B B AR A R A T A AT 55 1)
UK A UZS 2 DA S M 11 388 5 e 1A R 25 L — 14k
P25 . ply N 2 AR K, i SR FH 43 G 445 ) 2 v P 245 1)
AR R ST O A A B o IE i FN S R, $
1 X 2% PR B 1) S

AT 2047 190 4% B B 0 MR B Sk 38 o of T T
DAy Rk F 0 5 ID T i L T AR
PE OB WO S R E T A S A B R S
AT RA A B O FE AN AR 2SS B R, k- BRFE (B 45 7
YZERIBEE N kB, k=2,3, )8 1-BFED -4 xt
R A TX) 2% A58 ) 3 A B 1 A T ) . ) B P B
TET 16 5 RE SR A 43 150 4 A B A B 0 1 KR
FETT M B I IR G B0, 8 /025 8T s % ah sl
1R Bl B AR 38R F R R I VBRI R

Wik H #1:2009-11-02; & 71 B #:2011-07-13

R TP, TR K.

AL AT O, 4 9 Bk I BT B bR T T B
SR, 55 8 IR 45 R R I R R a5 % DDA OG . 23 R4 BB
A LAUF AT — i 3 4245 105

(1) P28 A A8 Ak B0 B 0 TR 35T 38 1T
ELA A AP A aT T

(2)73 [RGB AZ R

(3) &4 A B T 1) 012 i) J66 2 o AN X R, i %
W& HL A IR

(4) M2 R S T REAIMPERE 22 K

) FFER Z BA BHERRS SRR 1 19 A5

AT Ay A IR B T A e A B, e
I 2 A B D ) AR R s S b 2 1 T8 . AR S
BT Fh e A AR, SR 2 R 43 B B 95 7 v 3 BE A
B, HSUELE R AR AS 7] X 3R H AT 55 BREE 4L X
L, RGP B 2R 4 B AR, B UL b 3 1 7

I H  E R HIRPF: 34 (No. 60939002, No. 60872054 ) ; fifi 25 B2 3 4x (No. 2007ZG54021 , No . 2008ZC54025)



3 M

T kRS B B MRS Y 449

LB T RS 2l A QA A A R, A A D T
S IRy TR PR GA A, AR v R FH SR ) 2 PERE

2 FEEEMEEEZE

2.1 FERYEIL

2.1.1 FEEREE

1 1R OIS SR 2 K 43 BT AHP (Analytic Hierar-
chy Process) , TE28 75 B I BRUNT

(1) ST RS [

VPR AE 0 HARJZ , 52 e 6 1 3 I v 0 Ay
PR BRI JE B e B T R T B2 R R A e
i HEEKOT 4T R R X S A N2 S8

(2) 19 38 B 1

EX 1 RS P a2 0 R 3R e BRE 1 A
B0 Ry e A ) ) T AR AR R
T B MR O LU RS 0l A

FHPI P B, 76 ) J2 M DO ) 3 L AR

A4 Qg A3 Ay
Fort, a, B fE N ¢ HIGHT M0 ¢ f TR (B4R
JEE) A5 YU [ ) R ) B R R AR AR O P o SR TR, 261
TSR XL
EX 2 RIFHEHE A TN F L —2Z2ERE
MEAJZR S Z AR Y25 P3RS O AU, B
NZ TR
F1 FAEEPETENSEE
brBE aX
1 C: 5 C; MR

3 C: He G MR 3R

5 C; He C; 3R

7 Ci He C; 1Y) B3

9 C; b C; PRI 2t % 55

2,4,6,8 Ci 5 G W2 HeAE R PRI AR 4R 2 2 JA]

1,1/2,-+1/9 Ci 5 G W22 ok L ke

JEUHHEF AT AE AT LB A B RHEAR A
FFAE [ i

AW = AW (1)
Hrr, 2 A BFRAEAR, W XF R F A BRFE [ &, 7]
?%i?jj W=[w1,w2,W3,W4]-
W )43 w; SeAE R R 2 BHE P A — AU,

w:

w; = : (2)

n
i=

N —
w;
1

$ortr = o) 1T g o e 5 3 10 JLAT
.

(3) 2R BAHE P — SRS 5

T —BPEFE AR CR i R A B 22 KN, I H K7
P A AT A, CRITE AR R
_ G

CR_RI (3)
_ L A .
Hepor=A=m oL\ CAw)i 9 A BB R
m—1 m w;

i=1 12

SERIFEHL— TSR, 5 A B 56 2R AT i A A
FE LW 2 iR

W CR=0, BAPAAERE A BA 24— 2 ol
W CR< 0.1, AN LB A J&—B00) AR 10 & w,
R B AZ s A, U B T A R I LA I A IRZERR,
W S A R AR (B Y AR, T B T T LG P

*2 RIE
A RI A RI A RI
1 0 4 0.9 7 1.32
2 0 5 1.12 8 1.41
3 0.58 6 1.24 9 1.45
(4 ZWEHE

B A n QELCBERE, Ko n B EFEE A
B, A& EGERRIC N B, AT KRR A

B;=[by by - b byl,i=1,2,3,4
For b RS TR IR E W RS A E N EE R 1 I
Bt AR B, AR E &= V., i T B, BUH
g SR B, PN T A T — B

W R BAEH S D,

T T T
Vi V1,1 V1,2 Vi,n W D,
V v | V21 V2,277 o, W D,
D = xW' = X =
V3 V3,1 U3z """ Uz, w3 :
Vs V4,1 V4,2 """ V4,p Wy D,
(4)

H L, 75 2 R Ve 1 17 SAUE R EHE T D, 1E ik
PR E Y R0 SR

(5) V& E

508 VA e T AR TE — e {5 9 L PN R A A T
A AF L AHP J7 vk 7 5 A AR SR BOE
Shy < T AR T L AN BEAT A T A
2.1.2 FRHIEM

2 EE BT LRy — D H K G =
(V,E,@), BEHMEEV={vl,02,| 1% E=lel,e2,
s RIS B B A o, ) B RYBRGS o 4
.

FEX 3 WA v By #OFNI ek I, H A3k
M vi 810 o, TUFR vi 2 ek AU AT, vi J& ek B

EX 4 SRRSO, B B2 my o S
Shy e g 3R B Y A, R MBI AR A T R A T R Y



450 H +

i 2012 4F

g

TR R B A

TGS R I T 1AL 455 7 19 0 25 T 0 7 1A J o B A
JIRAE 19 S Ak B =38 4y, A A AL I R P 4 4 3% 3 17 1
LT RRIG LG , 45 AT SR I8 3% 38 1), N AFAE A T8
B 05, TR B R 8 T 2 Bk IEsC B % .

(DFEIIPITE I

MG AR T AR PR R R
WA R BE I CPy YL 8 M RE, L CPy =
Ly () /DL L, (o) S 710 05 55 7 1 ) B A e 1
HO AR, o33 5 w7 2.2.1 Wi DL A “FE B
A HSCHE B, T R R BB B AR E M Gl [
NEEAE RIS

(2) 747 5 K R FR A T oK Bl

W TR AR A R 2k T R B, T e
5 B (B A AFAE S e I, 0 SR A A
BAAEE B TRE S R SR B I R FE VTR SR
[E1) AT UAC 800 it g < Sak U i 07 2, DR 5 B 1A U
ARy Rk — A 4R, S BA TR B R i, O
ik A AR R I 58 7R AR AR A T, 4
(S =R

(3) A1 A b 28

VA B AT A 5 A B S B
PR R, 5 A JE SR B R AR, S R4S SR
S[R3 3 A 2 IR 3 R T R B S e
Ja SR Blyach A DA 7 5 1 R] L ) i
2.2 FEHULER
2.2.1 HEMEB

FIURRS s AR FL 4 AR 38 2ok oA 7% o D RE AR B 1 i
oA e A5 8., RERE I/ B R e AR U N 40 M B
FEA I TR . AR AR R Y AT B R RN
BRAA B I, 5% o il ok fE B Oy 0K A 72 1 T RB 4R
PHIT RS B AR N AT s M e R LR FITBR1E B By
B RZAT T R

AR C, (1) 58 XA F 25 40 1 R S 1 AR 5 A
LA 25, i 3 W 1 5 R I 22 TR) B 8 R e v 1) T
DI L, (o) FOCHERRRBE Iy 25 G, (o) RATH, ¢ FR a1
], )

C,(t)=AL,(t)+B-G,(1) (5)

B35 4 e S (A] fa) B T P S R R AR R A
A5 DN —1~ it i) ] o 81 575 — A s i) 1 g, 38 3 5 1 B ML
a4k B T N R 6, 5 T ER AL R VT, T )
B i) ) P 5 — A B B FE N, (o) B A, g1, 0
R 5 0 RS SERAE .

(1) B[] i) ) 2 858 8500 A, S50 0,

(2)0; M EASE, [0,270) E355) 53 s

(3) V,, UL IR A3 AT A, , T 2EH oo

(4)HBE 7 ] B[] [ B AN AH OG5

(5) 19 FURIS B ASAH G , B I R R 58 AH H 8l 57

W1 PR, R w W RN Riv 2T
PIFERL L A0 T w 19 @ J5 1) b AHXT 8w 1) 6 ff 7 Inlis
Bl T R v SR u Z AR AR R B Y
R Pk (A g ) MR N
Ly ()= Pla, (to+1t)=1la, (1) =1)

= P(R, (1) <z)

= JZR(I - ex (_ 22))L«/ R? — (2/2)%dz
B 0 P am, T['RZ

O,m,n AdEE . N
/\EP’am,n = { e » }Lvm\uﬁ%WIE\&kﬁ%%i%\ﬂilri
1, m,n %l
N
L(=1- [l a-r,.)) (6)
me '

B T AR X 12 5h it e B A e e T

(@) BN (8) Z\ﬁimmﬁﬁ’ijﬁ (c) % S 0 8% 3 41
B2 eSS EREENEE B
i 2, 07 A AR R L O SRR AR,
2(a) TR IF GBI R EE A, ] 2(0) Fon iR A £
KA S EUE A A A I, B 2( ) FniZ B
TR o7 i ol A A M DR A T S A L AR S A R
SRR IE 1) J5 2 M B RR S R R S M R L
G.(1) = D7'(G, (1))

1Vl
¢ 1Vl

ZGm,,f(t) M (1) 2\ -
e B e R 7
Ve | { | Ve | ]
Hip 6, () =5 w(t)(R - 1), R RFEEEEAR,
R G B RS, H,, (o) N FE BB B FE 1 Yk
o NIHESE | Ve | ZR TR n PR B 1T 5 80, R
P2 (5) A RAGFE B A 55k




3 M

T (A B RS S 451

BEE IR R MIE BT .

() E R B A 2/ T B 8, RAETEE S

()R B AE S B T B B R R B
A RO AR KT B, 3 [0y B0 3 5

(3) & A R I R EAE TR ) HAR T 5L

(O EM R RNEE BTG, RS

(5) BT AT W oy Bl i, T 53 %
2.2.2 PAEVI#®

8 PR AR 08 T 1 T A 1 b 48 P e 1
TV JE R U , Q2 w4 i D) e 48 R B DL 8T
FTRR T > BVl 5 U5 S B D038, Do O THRE AN

. | Nbey |
D stilch = Mg : (8>

Z | Nbgy |
oA I Nb oy 1648 e SRE T2 0 5 1 48 e 4L
Mo PEFEE BANEG TR 7o € 10, 1), MR X)
FiEfa e B /Y 7 oK 158 BOE 24 B9 E. V3 & S8 1) 35 9% i
KGR EFE LAY S R D B KA TR HEFT
Yl

3 MESERSSH

3.1 FEWRE

i FH NS2 o 25 A5 00, XoF 23 [ 4 6, R0 ol i B4k
U5 EC, 15 B 41 275 2 7 45 07 1 3o 3 v oA 1Y)
BB (WCA) X LA HT , (i ES B BT -

e i B %: 15,22, 30,38,45,52,60;

Hfth 5 % 5, 8,10,12,15,18,20.
3.2 (FESRSH

(DT etk

W 3 7R , B 9 45 RIS 0 4 K, o B A 5 1k
PR TN P 5 R T S TR, oL
T RUA W) 5 SR BA EAF R .

1004

80
60 |
40

—a— ST AR
20| —s— HET AN STE
—o— RALFIAMESEE
020 3IO 4IO I

SHA BB F /%

60 70 80

50
RiP=E -
B3 AR PSR 2 4 R Th B %

(2) LI 4

M 4 T DU 3125 [ 45 16 00 B 53 (9 T 4 2
/NS TR LES O B B B 4% A A
SRR T RS S AU 5 1 T RE DA RS
W TR TR RO S T I e i AR

T2 BPEHIE R 5 TR 2 18] 45 6L 9 2 R B 25 0 1
FhRTAE AR Y 2 T AR Ak, IR R A 1) T A A A A ) T
VB Z P9, T 25 90 S A AR A I AT 4 I HRT A
FR T e B R R P T4

%ﬁ

IS

w

- N
© & = o N O w O’
T

—a— ¥ [5G ) 43 R A
—s— LT BUE I MR

.
30 40

o
>

BT (/8 m A)

N
o

50 60 70 80
B

B4 mEFH

(3)FERIFRE

UnlEl 5, 2 1] £ 5 0 B R0k 2 T 4% s AU B 47 4
7, IR T R REAL RS Sl B R e, TR G 5 A X T
HAHE JIRE 007 3l AU IH & e 28 o2 YRR X 42
D, T4 i 1 28 2 R T R e 1

3.5
sl SRR A R I
| e TR A S

0 10 20 30 40 50 60
S R ) /s
5 meEtk
4 Hig
AR SCHE G 73 A S 14 4 U P R0 L A 5, R
Bt 17— Mg A= iR e 9 8 R 2 R o B iy 7
IEERE AR R M SR IO |, T 1 4% 3 414
3 1 AR REDR SR R BE ), LU 38 A A T s B0
TG b S BT R R 2 RS s B S A K E T Rg At
FL I A% R0 5 ] 8 R AE 4 S A A, 2 B R AR PR T A
ARARIE T 75 2548 A R P, 50 1 20 e o A v 7 A
OTF4H 3R T 28 i AT A et 4R T S PERE.
Sk
[1] Jin-Tl Kim, Jeong-Young Song, Yoon-cheol Hwang. Location-
based routing algorithm using clustering in the MANET[ A].
Future Generation Communication and Networking[ C] . Jeju Is-
land, Korea: IEEE, 2007 .527 — 531.
[2] Yoon-cheol Hwang, Yoon-su Jeong, Sand-ho Lee. Advanced
efficiency and stability combined weight based distributed clus-
tering algorithm in MANET[ A] . Future Generation Communi-
cation and Networking[ C] . Jeju Island, Korea: IEEE, 2007 . 478
—483.
[3] Jianpan Li, Yueh Shun Li, Tung Ying Lee. A novel cluster



452 H +

2 2012 4F:

[4]

(5]

[}

routing protocol with power balance in Ad hoc networks[ A].
The 10th International Conference on Advanced Communica-
tion Technology (ICACT 2008)[C] . Phoenix Park Gangwon-
Do: IEEE, 2008 . 602 — 606 .

Rezaee, Mohammad Yaghmaee, Mohammad Hossien. A new
clustering protocol for mobile Ad hoc networks[ A]. Interna-
tional Symposium on Telecommunications 2008 (IST 2008 )
[C]. Tehran: IEEE, 2008 .376 - 381 .

P Ding,J Holliday, A Celik. Distributed energy efficient hierar-
chical clustering for wireless sensor networks[ A ] . Proceedings
of the IEEE International Conference on Distributed Computing
in Sensor Systems (DCOSS’05)[C].Marina Del Rey, CA:
IEEE, 2005 .466 — 467 .

K Wang, S A Ayyash, T D C Little, P Basu. Attibute-based
clustering for information dissemination in wireless sensor net-
works[ A]. Proceeding of 2nd Annual IEEE Communications
Society Conference on Sensor and Ad Hoc Communications
and Networks (SECON 2005) [ C]. Santa Clara, CA: IEEE,
2005.498 - 509.

FoH B,1973 4 12 Ak TR, It
HOLZS R IA 2 AT A, DR BRI s i R
R RAMIAS FBEHR , 257 10 A=
2 (LU IS T A
E-mail : yug@sau. edu. cn

BEE H,19374F 9 HAETILHE, I
A R KA 15 R AR B I 24 00
EEBTFTT WA R fF A5 A A

ZZEIE P 1953 4F 11 AR TR, RS TR KR 15
BT B R 5 A S0, T B 5% O 1) A sl A A/ Bk A
{5 TREGE B TESMEAR.



